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John W. Ray, Duke Energy Corporation, NC 
Rep. Electric Light & Power Groi 
Gregory L. Runyon, Eli Lilly and Company! IN [U] 

Rep. American Chemistry Council 
David E. Schumacher, Associated Builders and Contractors 
IA [IM] 

Rep. Associated Builders & Contractors 
George A. Straniero, AFC Cable Systems, Inc., NJ [M] 
Rep. Copper Development Association Inc. 

Alternates 

Aisha Bajwa, Alcan Cable, CA [M] 

(Alt. to Christel K. Hunter) 

Rep. The Aluminum Association. Inc. 




2, 394, 396, 398, 399 


n Barker, General Cable Corporation, CA [M] 

Alt, to Charles David Mercier) 

R^^felational Electrical Manufacturers Association 
Williani B. Crist, Houston Stafford Electric Company, TX 

[E 

It. to Chris J. Fahrenthold) 

Rep. Independent Electrical Contractors, Inc. 

Donald G. Dunn, Aramco Services Company, TX [U] 

(Alt. to Dennis A. Nielsen) 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
Rachel E. Krepps, Baltimore Gas & Electric Company, MD 
[UT] 

(Alt. to John W. Ray) 

Rep. Electric Light & Power Group/EEI 
Keith Owensby, Chattanooga Electrical JATC, TN [L] 

(Alt. to Samuel R. La Dart) 

Rep. International Brotherhood of Electrical Workers 
Kevin T. Porter, Encore Wire Corporation, TX [M] 

(Alt. to George A. Straniero) 

Rep. Copper Development Association Inc. 

Irozenell Pruitt, E. I. DuPont de Nemours & Company, TX 

[U] 

(Alt. to Gregory L. Runyon) 

Rep. American Chemistry Council 
Susan L. Stene, UL LLC, CA [RT] 

(Alt. to Thomas H. Cybula) 

Allen R. Thrner, James City County, Virginia, VA [E] 

(Alt. to Charles J. Palmieri) 

Rep. International Association of Electrical Inspectors 
Wesley L. Wheeler, Cogburn Bros., Inc., FL [IM] 

(Alt. to Michael W. Smith) 

Rep. National Electrical Contractors Association 
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CODE-MAKING PANEL NO. 8 

Articles 342, 344, 348, 350, 352, 353, 354, 355, 356, 358, 360, 362, 366, 368, 370, 372, 374, 376, 378, 380, 
384, 386, 388, 390, 392, Chapter 9, Tables 1 through 4, Example D13, and Annex C 


Larry D. Cogburn, Chair 
Cogburn Bros., Inc., FL [IM] 

Rep. National Electrical Contractors Association 


Richard J. Berman, UL LLC, IL [RT] 

David M. Campbell, AFC Cable Systems, Inc., MA [M] 
Rep. The Aluminum Association, Inc. 

Kenneth W. Hengst, EAS Contracting, LP, TX [IM] 

Rep. Independent Electrical Contractors, Inc. 

James M. Imlah, City of Hillsboro, OR [E] 

Rep. International Association of Electrical Inspectors 
David H. Kendall, Thomas & Betts Corporation, TN [M] 
Rep. The Vinyl Institute 
Richard E. Loyd, R & N Associates, AZ [M] 

Rep. American Iron and Steel Institute 
Michael C. Martin, Lyondellbasell Industries, TX [U] 

Rep. American Chemistry Council 
Paul W. Myers, PCS Nitrogen, OH [U] 

Rep. Institute of Electrical & Electronics Engineers. Inc. 
Rodney J. West, Square D Company/Schneider Electric, OH 
[M] 

Rep. National Electrical Manufacturers Association 
Leslie R. Zielke, South Carolina Electric & Gas Company, 
SC [UT] 

Rep. Electric Light & Power Group/EEI 


Alternates 

Timothy M. Andrea, Southwire Company, GA [M] 
(Alt. to David M. Campbell) 

Rep. The Aluminum Association, Inc. 



George R. Dauberger, Thomas & Betts Corporation, TN 
[M] 

(Alt. to David H. Kendall) 

Rep. The Vinyl Institute 
David A. Gerstetter, UL LLC, IL [RT] 

(Alt. to Richard J. Berman) 

Kenneth J. Gilbert, Florida Power & Light Company, FL 
[UT] 

(Alt. to Leslie R. Zielke) 

Rep. Electric Light & Power Group/EEI 
Gregory L. Maurer, Wheatland Tube Company, PA [M] 
(Alt. to Riclutri: E. Loyd) 

Rep. American Iron and Steel Institute 
Gary W. I’emhle. Montana Electrical JATC, MT [L] 

IBEW Rep.) 

Brotherhood of Electrical Workers 
.ewkirk Electric Associates, Inc.. MI 

Larry D. Cogburn) 

ational Electrical Contractors Association 
r ic F. Small, Hubbell Incorporated, CT [M] 
to Rodney J. West) 

National Electrical Manufacturers Association 
.. Weitzel, Central Washington Electrical 
ducatkjft WA [IM] 

t. to Kenneth W. Hengst) 

"ep. Independent Electrical Contractors, Inc. 



CODE-MAKING PANEL NO. 9 
les 312, 314, 404, 408, 450, 490 


vid G. Humphrey, Chair 
County of Henrico, Virginia, VA [E] 
International Association of Electrical Inspectors 


Rodney D. Belisle, NECA-IBE^lil^ctricjfWraining Trust, 
OR [L] 

Rep. International Brotherhood of EJecLrical Workers 
Billy Breitkreutz, Fluor Corporation, TX [U] 

Rep. Associated Builders & Contractors 
Wayne Brinkmeyer, Britain Electric Company, TX [IM] 

Rep. National Electrical Contractors Association 
Paul D. Coghill, Intertek Testing Services, OH [RT] 

Frederic P. Hartwell, Hartwell Electrical Services, Inc., MA 
[SE] 

Thomas J. LeMay, LeMay Electric. Inc., GA [IM] 

Rep. Independent Electrical Contractors, Inc. 

Robert D. Osborne, UL LLC, NC [RT] 

Bradford D. Rupp, Allied Moulded Products, Inc., OH [M] 
Rep. National Electrical Manufacturers Association 
Sukanta Sengupta, FMC Corporation, NJ [U] 

Rep. Institute of Electrical & Electronics Engineers. Inc. 
Ralph H. Young, Eastman Chemical Company, TN [U] 

Rep. American Chemistry Council 

Alternates 

Gregory A. Bowman, NABCO Electric, TN [IM] 

(Alt. to Wayne Brinkmeyer) 


Rep. National Electrical Contractors Association 
Kevin J. Breen, Breen Electrical Contractors Inc., NY [IM] 
(Alt. to Thomas J. LeMay) 

Rep. Independent Electrical Contractors, Inc. 

Jerry M. Ferraro, Northeast Utilities, CT [UT] 

(Voting Alt to ELPG/EEI rep.) 

Rep. Electric Light & Power Group/EEI 
L. Keith Lolland, International Association of Electrical 
Inspectors (IAEI), TX [E] 

(Alt. to David G. Humphrey) 

Kenneth L. McKinney, Jr., UL LLC, NC [RT] 

(Alt. to Robert D. Osborne) 

Paul W. Myers, PCS Nitrogen, OH [U] 

(Alt. to Sukanta Sengupta) 

Rep. Institute of Electrical & Electronics Engineers, 
Ronnie H. Ridgeway, Siemens Industry, Inc., TX [M] 

(Alt. to Bradford D. Rupp) 

Rep. National Electrical Manufacturers Association 
Rhett A. Roe, IBEW Local Union 26 JATC, MD [L] 

(Alt. to Rodney D. Belisle) 

Rep. International Brotherhood of Electrical Workers 


, Inc. 
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CODE-MAKING PANEL NO. 10 
Article 240 


Julian R. Burns, Chair 
Quality Power Solutions, Inc., NC [IM] 

Rep. Independent Electrical Contractors, Inc. 


Dennis M. Darling, Stantec, Canada [U] 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
James T. Dollard, Jr., IBEW Local Union 98, PA [L] 

Rep. International Brotherhood of Electrical Workers 
Carl Fredericks, The Dow Chemical Company, TX [U] 

Rep. American Chemistry Council 
Jeffrey H. Hidaka, UL LLC, IL [RT] 

Robert J. Kauer, Building Inspection Underwriters, Inc., PA 
[E] 

Rep. International Association of Electrical Inspectors 
Alan Manche, Square D Company/Schneider Electric, KY 
[M] 

Rep. National Electrical Manufacturers Association 
George J. Ockuly, Technical Marketing Consultants, MO 
[M] 

Richard Sobel, Quantum Electric Corporation, NY [IM] 

Rep. National Electrical Contractors Association 
John F. Vartanian, National Grid, MA [UT] 

Rep. Electric Light & Power Group/EEI 

Alternates 

Scott A. Blizard, American Electrical Testing Company, 

Inc., MA [IM] 

(Voting Alt. to NETA Rep.) 



Rep. InterNational Electrical Testing Association 
Suzanne M. Borek, New Jersey Department of Community 
Affairs, NJ [E] 

(Alt. to Robert J. Kauer) 

Rep. International Association of Electrical Inspectors 
Frank G. Ladonne, UL LLC, IL [RT] 

(Alt. to Jeffrey H. Hidaka) 

Kevin J. Lippert, Eaton Corporation, PA [M] 

(Alt. to Alan Manche) 

Rep. National Electrical Manufacturers Association 
Richard E. Lofton, II, IBEW Local Union 280, OR [L] 
(Alt. to James T. Dollard, Jr.) 

Rep. International Brotherhood of Electrical Workers 
Vincent J. Saporita, Cooper Bussmann, MO [M] 

(Alt. to Gtfctgc J. Ockuly) 

Roy K. Sparks, TII, Elanco Animal Health, IN [U] 


Council 

.Electric Service, Inc., SD [IM] 



Articles 40! 


American 

. Struble, 

lian R. Bums' 

pendent Electrical Contractors, Inc. 
ownsend, General Motors Corporation, MI [U] 
to Dennis M. Darling) 

nstitute of Electrical & Electronics Engineers, Inc. 


NEL NO. 11 
, Annex D, Example D8 


ion, Chair 
UL LLC, NC [RT] 


Luis M. Bas, Intertek Testing Services, Fl 
Terry D. Cole, Hamer Electric, me., WA [I 
Rep. Independent Electrical Contractors, Inc. 1 
James M. Fahey, IBEW Local Union 103/MBTjQMA [L] 
Rep. International Brotherhood of ElectricalJKrkers 
Robert G. Fahey, City of Janes villevMltU 

Rep. International Association of Erectrical Inspectors 
Stanley J. Folz, Morse Electric Compan>^NV [IM] 

Rep. National Electrical Contractors Association 
Paul E. Guidry, Fluor Enteiprises, Inc., TX [U] 

Rep. Associated Builders & Contractors 
James C. Missildine, Jr., Southern Company Services, Inc. 
AL [UT] 

Rep. Electric Light & Power Group/EEI 
Arthur S. Neubauer, Arseal Technologies, GA [U] 

Rep. American Petroleum Institute 
Charles L. Powell, Eastman Chemical Company, TN [U] 
Rep. American Chemistry Council 
Vincent J. Saporita, Cooper Bussmann, MO [M] 

Arthur J. Smith, III, Waldemar S. Nelson & Company, 
Inc., LA [U] 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
Ron Widup, Shermco Industries, TX [IM] 

Rep. InterNational Electrical Testing Association 
James R. Wright, Siemens Industry, Inc., IL [M] 

Rep. National Electrical Manufacturers Association 

Alternates 


Terry W. Cromer, NC Association of Electrical Contractors, 
NC [IM] 

(Alt. to Terry D. Cole) 

Rep. Independent Electrical Contractors, Inc. 

Jeffrey A. Desjarlais, UL LLC, IL [RT] 

(Alt. to John M. Thompson) 

Travis Foster, LyondellBasell Industries, TX [U] 

(Alt. to Charles L. Powell) 

Rep. American Chemistry Council 
Eric Glaude, Chevron, TX [U] 

(Alt. to Arthur S. Neubauer) 

Rep. American Petroleum Institute 
Philip C. Hack, Constellation Energy Power Generation, 
MD [UT] 

(Alt. to James C. Missildine, Jr.) 

Rep. Electric Light & Power Group/EEI 
Rodney B. Jones, Clackamas County, Oregon, OR [E] 

(Alt. to Robert G. Fahey) 

Rep. International Association of Electrical Inspectors 
Ed Larsen, Schneider Electric USA, IA [M] 

(Alt. to James R. Wright) 

Rep. National Electrical Manufacturers Association 
Jebediah J. Novak, Cedar Rapids Electrical JATC, IA [L] 
(Alt. to James M. Fahey) 

Rep. International Brotherhood of Electrical Workers 
George J. Ockuly, Technical Marketing Consultants, MO 
[M] 

(Alt. to Vincent J. Saporita) 

Bobby A. Walton, Intertek, TX [RT] 

(Alt. to Luis M. Bas) 


70-16 


NATIONAL ELECTRICAL CODE 2014 Edition 



NATIONAL ELECTRICAL CODE COMMITTEE 


CODE-MAKING PANEL NO. 12 

Articles 610, 620, 625, 626, 630, 640, 645, 647, 650, 660, 665, 668, 669, 670, 685, and Annex D, Examples 

D9 and D10 


Timothy M. Croushore, Chair 
FirstEnergy Technologies. PA [UT] 

Rep. Electric Light & Power Group/EEI 


Thomas R. Brown, Intertek Testing Services, NY [RT] 

Karl M. Cunningham, Alcoa, Inc., PA [M] 

Rep. The Aluminum Association, Inc. 

(VL to 610, 625, 630, 645, 660, 665, 668, 669, 685) 
Thomas L. Hedges, Hedges Electric & Construction, Inc., 
CA [IM] 

Rep. National Electrical Contractors Association 
Angelo G. Horiates, Navy Crane Center, VA [U] 

(VL to 610) 

Robert E. Johnson, ITE Safety, MA [U] 

Rep. Information Technology Industry Council 
(VL to 640, 645, 647, 685) 

Andy Juhasz, Kone, Inc., IL [M] 

Rep. National Elevator Industry Inc. 

(VL to 610, 620, 630) 

Stanley Kaufman, CableSafe, Inc./OFS, GA [M] 

Rep. Society of the Plastics Industry, Inc. 

(VL to 640, 645) 

John R. Kovacik, UL LLC, IL [RT] 

Todd Lottmann, Cooper Bussmann, MO [M] 

Rep. National Electrical Manufacturers Association 
Jeffrey S. Menig, General Motors Company, MI [U] 

Rep. Society of Automotive Engineers-Hybrid Committee 
Duke W. Schamel, Electrical Service Solutions, Inc., CA 
[IM] 

Rep. Independent Electrical Contractors, Inc. 

Arthur E. Schlueter, Jr., A. E. Schlueter Pipe Organ 
Company, GA [M] 

Rep. American Institute of Organ Builders 
(VL to 640, 650) 

Robert C. Turner, Inductotherm Corpq 
(VL to 610, 630, 665, 668, 669) 

Ryan Gregory Ward, IdleAire, Inc., TN [£ 

Rep. Transportation Llectrilicatipn fkfcirnrr 
(VL to 625, 626) 

Kenneth White, Olin Corporation, NY 11' 

Rep. American Chemistry Council 


Altema 

Timothy M. Andrea, Southwire 
(VL to 610, 625, 630, 645, 660J 
(Alt. to Karl M. Cunningham) 

Rep. The Aluminum Association, Inc 
Joseph M. Bablo, UL LLC, IL [RT] 
(Alt. to John R. Kovacik) 



[M] 

669, 685) 


Jeffrey W. Blain, Schindler Elevator Corporation, NY [M] 
(VL to 610, 620, 630) 

(Alt. to Andy Juhasz) 

Rep. National Elevator Industry Inc. 

William A. Brunner, Main Electric Construction Inc., ND 
[IM] 

(Alt. to Thomas L. Hedges) 

Rep. National Electrical Contractors Association 
Philip Clark, City of Detroit, MI [E] 

(Alt. to IAEI Rep.) 

Rep. International Association of Electrical Inspectors 
Charles E. Day# FSG Electric, TX [IM] 

(Alt. to Buke W. Schamel) 

Rep. Independent Electrical Contractors, Inc. 

Jeffrey L. Holmes, IBEW Local Union 1 JATC, MO [L] 
to IBEW Rep.) 

'cp. In ter nali (^^■Brotherhood of Electrical Workers 
fly B. Green wood^^kry Crane Center, VA [U] 

610) 

Angelo G. Horiates) 

1 Kissel, General Motors Corporation, MI [U] 
to Jeffrey S. Menig) 

Society of Automotive Engineers-Hybrid Committee 
onieezny, Intertek Testing Services, MA [RT] 
(AlSfR Thomas R. Brown) 

F. Prisco, IBM Corporation, MN [U] 

L to 640, 645, 647, 685) 

(Alt. to Robert E. Johnson) 

Rep. Information Technology Industry Council 
Jose A. Salazar, Southern California Edison Company, CA 
[UT] 

(Alt. to Timothy M. Croushore) 

Rep. Electric Light & Power Group/EEI 
Emad Tabatabaei, Inductotherm Corporation, NJ [M] 

(VL to 610, 630, 665, 668, 669) 

(Alt. to Robert C. Turner) 

Lori L. Tennant, Square D Company/Schneider Electric, NC 
[M] 

(Alt. to Todd Lottmann) 

Rep. National Electrical Manufacturers Association 

Nonvoting 

Andre R. Cartal, Yardley, PA [E] 

(Member Emeritus) 


CODE-MAKING PANEL NO. 13 

Articles 445, 455, 480, 695, 700, 701, 702, 708, Annex F, and Annex G 


Donald P. Bliss, Chair 
NI2 Center for Infrastructure Expertise, NH [U] 


Martin D. Adams, Adams Electric, Inc., CO [IM] 

Rep. National Electrical Contractors Association 
James L. Brown, Detroit Edison, DTE Energy, MI [UT] 
Rep. Electric Light & Power Group/EEI 
Daniel J. Caron, Bard, Rao + Athanas Consulting 
Engineers, LLC, MA [SE] 


Walter F. Constantine, Draka Cableteq USA, MA [M] 

Rep. Copper Development Association Inc. 

Richard D. Currin, Jr., North Carolina State University, NC 

[U] 

Rep. American Society of Agricultural & Biological 
Engineers 
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Neil A. Czarnecki, Reliance Controls Corporation, WI [M] 
Rep. National Electrical Manufacturers Association 
Herbert H. Daugherty, Electric Generating Systems 
Association, FL [M] 

James E. Degnan, Sparling, WA [U] 

Rep. American Society for Healthcare Engineering 
Ronald A. Keenan, M. C. Dean, Inc., VA [IM] 

Rep. Independent Electrical Contractors, Inc. 

Linda J. Little, IBEW Local 1 Electricians JATC, MO [L] 
Rep. International Brotherhood of Electrical Workers 
Mark C. Ode, UL LLC, AZ [RT] 

Shawn Paulsen, CSA International, Canada [RT] 

Arnoldo L. Rodriguez, LyondellBasell Industries, TX [U] 
Rep. American Chemistry Council 
Michael L. Savage, Sr., Middle Department Inspection 
Agency, Inc., MD [E] 

Mario C. Spina, Verizon Wireless, OH [U] 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
David Tobias, Jr., Intertek Testing Services, OH [RT] 

Alternates 

Lawrence S. Ayer, Biz Com Electric, Inc., OH [IM] 

(Alt. to Ronald A. Keenan) 

Rep. Independent Electrical Contractors, Inc. 

Barry S. Bauman, Alliant Energy, WI [U] 

(Alt. to Richard D. Currin, Jr.) 

Rep. American Society of Agricultural & Biological 
Engineers 


CODE-MAKING PAN 
Articles 500, 501, 502, 503, 504, 505, 506, 510, 


Chad E. Beebe, ASHE - AHA, WA [U] 

(Alt. to James E. Degnan) 

James S. Conrad, RSCC Wire & Cable, CT [M] 

(Alt. to Walter F. Constantine) 

Rep. Copper Development Association Inc. 

Alfonso J. Dazio, Consolidated Edison Company of New 
York, NY [UT] 

(Alt. to James L. Brown) 

Rep. Electric Light & Power Group/EEI 
James T. Dollard, Jr., IBEW Local Union 98, PA [L] 

(Alt. to Linda J. Little) 

Rep. International Brotherhood of Electrical Workers 
Lawrence W. Forshner, Bard, Rao + Athanas Consulting 
Engineers LLC, MA [SE] 

(Alt. to Daniel J. Caron) 

Chad Kennedy, Square D Company/Schneider Electric, SC 
[M] 

(Alt. to Neil A. Czarnecki) 

Rep. National Electrical Manufacturers Association 
John R. Kovacik, UL LLC, IL [RT] 

(Alt. to Mark C^Ode) 

Peter M. Olney,^ Vermont Department of Public Safety, VT 
[E] 

(All 3Rep.) 

Rep on^LAssociation of Electrical Inspectors 

Herbei ta^^&ectrical Generating Systems 

fcon, FL [M] 

fcity) 



Harold G. Alexander, American Electric Po 
OH [UT] 

Rep. Electric Light & Power Group/EEI 
Marc J. Bernsen, National Electrical Contract* 
Association, OR [IM] 

Rep. National Electrical Cog 
Edward M. Briesch, UL L 
Jonathan L. Cadd, Internal 
Inspectors, TX [E] 

Rep. International Association 
William T. Fiske, Intertek Testin; 





. 14 

13, 514, 515, and 516 


Robert A.'Jones, t'liaTi* 
Independent Electrical Contractors, Inc., TX [IM] 


LLC, CA [U] 


Mark Goodman, Hydrogen Energy I 
Rep. American Petroleum Institute 
Joseph H. Kuczka, Killark Electric Manufacturing 
Company, MO [M] 

Rep. National Electrical Manufacturers Association 
William G. Lawrence, Jr., FM Global, MA [I] 

L. Evans Massey, Baldor Electric Company, SC [M] 

Rep. Instrumentation, Systems, & Automation Society 
William E. McBride, Northern Electric Company, AK [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 
Jeremy Neagle, U.S. Bureau of Alcohol, Tobacco, Firearms 
& Explosives, MD [U] 

John L. Simmons, Florida East Coast JATC, FL [L] 

Rep. International Brotherhood of Electrical Workers 
David B. Wechsler, The Dow Chemical Company, TX [U] 
Rep. American Chemistry Council 
Mark C. Wirfs, R & W Engineering, Inc., OR [U] 

Rep. Grain Elevator and Processing Society 

Alternates 

Donald W. Ankele, UL LLC, IL [RT] 

(Alt. to Edward M. Briesch) 


Steven J . Blais, EGS Electrical Group, IL [M] 

(Alt. to Joseph H. Kuczka) 

Rep. National Electrical Manufacturers Association 
Mark W. Bonk, Cargill Incorporated, MN [U] 

(Alt. to Mark C. Wirfs) 

Rep. Grain Elevator and Processing Society 
Dave Burns, Shell P&T: Innovation /R&D, TX [U] 

(Alt. to Mark Goodman) 

Rep. American Petroleum Institute 
Larry W. Burns, Bums Electric, Inc., TX [IM] 

(Alt. to Robert A. Jones) 

Rep. Independent Electrical Contractors, Inc. 

Thomas E. Dunne, Long Island Joint Apprenticeship 
& Training Committee, NY [L] 

(Alt. to John L. Simmons) 

Rep. International Brotherhood of Electrical Workers 
Richard A. Holub, The DuPont Company, Inc., DE [U] 
(Voting Alt. to ACC Rep.) 

Rep. American Chemistry Council 
Jack E. Jamison, Jr., Miller Engineering, Inc., WV [E] 
(Alt. to Jonathan L. Cadd) 

Rep. International Association of Electrical Inspectors 
Arkady Levi, Constellation Energy, MD [UT] 

(Alt. to Harold G. Alexander) 

Rep. Electric Light & Power Group/EEI 
Ryan Parks, Intertek, TX [RT] 

(Alt. to William T. Fiske) 

Eddie Ramirez, FM Global, MA [I] 

(Alt. to William G. Lawrence, Jr.) 

Ted H. Schnaare, Rosemount Incorporated, MN [M] 
(Alt. to L. Evans Massey) 

Rep. Instrumentation, Systems, & Automation Society 
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Nonvoting Fred K. Walker, U.S. Department of the Air Force, FL [U] 

Timothy J. Pope, Canadian Standards Association, Canada ^ e P' ^ on Airport Facilities 

[RT] 

Eduardo N. Solano, Estudio Ingeniero Solano S.A., 

Argentina [SE] 


CODE-MAKING PANEL NO. 15 
Articles 517, 518, 520, 522, 525, 530, 540 


Lawrence E. Todd, Chair 
Intertek Testing Services, KY [RT] 


James R. Duncan, Sparling Electrical Engineering 
& Technology Consulting, WA [U] 

Rep. Institute of Electrical & Electronics Engineers. Inc. 
Kenneth J. Gilbert, Florida Power & Light Company, FL 
[UT] 

Rep. Electric Light & Power Group/EEI 
Mitchell K. Hefter, Philips Controls, TX [IM] 

Rep. Illuminating Engineering Society of North America 
(VL to 518, 520, 525, 530, 540) 

Kim Jones, Funtastic Shows, OR [U] 

Rep. Outdoor Amusement Business Association, Inc. 

(VL to 525) 

Edwin S. Kramer, Radio City Music Hall, NY [L] 

Rep. International Alliance of Theatrical Stage Employees 
(VL to 518, 520, 525, 530, 540) 

Gary J. Krupa, U.S. Department of Veterans Affairs, NE 

[U] 

Stephen M. Lipster, The Electrical Trades Center, OH [L] 
Rep. International Brotherhood of Electrical Workers 
Hugh O. Nash, Jr., Nash-Consult, TN [SE] 

Rep. TC on Electrical Systems 
Kevin T. Porter, Encore Wire Corporation, ’ 

Rep. The Aluminum Association, Inc. 

Marcus R. Sampson, Minnesota Departtajljrf'of LabojJ 
& Industry, MN [E] 

Rep. International Association of Elects 
James C. Seabury III, Enterprisj^lgctric, [IM] 

Rep. Independent Electric al 
Bruce D. Shelly, Shelly ElaWKCompalBj 

Rep. National Electrical Contractors Association 
Michael D. Skinner, Cl^^»udio Center, CA [tl] 

Rep. Alliance of Motion Picture and Television Producers 
(VL to 518, 520, 525, 530^fej M 

Donald J. Talka, UL LLC, NY] 

Kenneth E. Vannice, Leviton Manufacturing Company Inc., 
OR [M] 

Rep. U.S. Institute for Theatre Technology 
(VL to 518, 520, 525, 530, 540) 

Michael Velvikis, High Voltage Maintenance Corporation. 
WI [IM] 


Rep. InterNational Electrical Testing Association 
James L. Wiseman Square D Company/Schneider Electric, 
TN [M] 

Rep. National Electrical Manufacturers Association 

Alternates 

Gary A. Beckstrand, Utah Electrical JATC, UT [L] 

(Alt. to Stenhen M. Lipster) 

Rep. International Brotherhood of Electrical Workers 
f. Beebe, ASHE - AHA, WA [U] 
kit. to Douglas S. Erickson) 

is L. Brown, Detroit Edison, DTE Energy, MI [UT] 
i Kenneth J. Gilbert) 

Electric Light & Power Group/EEI 
On A. Colvin, Bright Future Electric, LLC, AL [IM] 

. to James C. Seabury III) 

Independent Electrical Contractors, Inc. 

B. Dozier, IDesign Services, TN [U] 
i James R. Duncan) 

Institute of Electrical & Electronics Engineers, Inc. 
Joe"L. DuPriest, Orange County Public Schools, FL [E] 
(Alt. to Marcus R. Sampson) 

Rep. International Association of Electrical Inspectors 
Samuel B. Friedman, General Cable Corporation, RI [M] 
(Alt. to Brian E. Rock) 

Rep. National Electrical Manufacturers Association 
Steven R. Goodman, Alcan Cable, PA [M] 

(Alt. to Kevin T. Porter) 

Rep. The Aluminum Association, Inc. 

Don W. Jhonson, Interior Electric, Inc., FL [IM] 

(Alt. to Bruce D. Shelly) 

Rep. National Electrical Contractors Association 
Jay Y. Kogoma, Intertek Testing Services, CA [RT] 

(Alt. to Lawrence E. Todd) 

Joseph P. Murnane, Jr., UL LLC, NY [RT] 

(Alt. to Donald J. Talka) 

Steven R. Terry, Electronic Theatre Controls Inc., NY [M] 
(VL to 518, 520, 525, 530, 540) 

(Alt. to Kenneth E. Vannice) 

Rep. U.S. Institute for Theatre Technology 


CODE-MAKING PANEL NO. 16 
Articles 770, 800, 810, 820, 830, 840 


Thomas E. Moore, Chair 
City of Beachwood, OH [E] 

Rep. International Association of Electrical Inspectors 


Donna Ballast, dbi, TX [M] 

Rep. Telecommunications Industry Association 
George Bish, Secure Watch Security, NC [IM] 
Rep. Satellite Broadcasting & Communications 


Association 

J. Robert Boyer, UTC/Edwards Company, NJ [M] 
Rep. National Electrical Manufacturers Association 
James E. Brunssen, Telcordia, NJ [U] 
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Rep. Alliance for Telecommunications Industry Solutions 
Roland E. Deike, Jr., CenterPoint Energy, Inc., TX [UT] 
Rep. Electric Light & Power Group/EEI 
Gerald Lee Dorna, Belden Wire & Cable Co., IN [M] 

Rep. Insulated Cable Engineers Association Inc 
Randolph J. Ivans, UL LLC, NY [RT] 

Robert W. Jensen, dbi-Telecommunication Infrastructure 
Design, TX [M] 

Rep. Building Industry Consulting Services International 
Steven C. Johnson, Johnson Telecom, LLC, CA [UT] 

Rep. National Cable & Telecommunications Association 
William J. McCoy, Telco Sales, Inc., TX [U] 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
Michael F. Murphy, Intertek Testing Services, MA [RT] 
Harold C. Ohde, IBEW-NECA Technical Institute, IL [L] 
Rep. International Brotherhood of Electrical Workers 
W. Douglas Pirkle, Pirkle Electric Company, Inc., GA [IM] 
Rep. National Electrical Contractors Association 
Luigi G. Prezioso, M. C. Dean, Inc., VA [IM] 

Rep. Independent Electrical Contractors, Inc. 

Alternates 

Trevor N. Bowmer, Telcordia Technologies, NJ [U] 

(Alt. to James E. Brunssen) 

Rep. Alliance for Telecommunications Industry Solutions 
Larry Chan, City of New Orleans, LA [E] 

(Voting Alt. to IAEI Rep.) 


codkm aklm; panel no. \i 

Articles 422, l^^26, 427, 680, 682 

Wr Chair 

elopment Services, AL [E] 
jm of Electrical Inspectors 

(VL to 680) 

Randy J. Yasenchak, IBEW Local Union 607, PA [L] 

Rep. International Brotherhood of Electrical Workers 

Alternates 

Dennis L. Baker, Springs & Sons Electrical Contractors 
Inc., AZ [IM] 

(Alt. to Marcos Ramirez) 

Rep. Independent Electrical Contractors, Inc. 

Bobby J. Gray, Hoydar/Buck, Inc., WA [IM] 

(Alt. to Don W. Jhonson) 

Rep. National Electrical Contractors Association 
E. P. Hamilton, III, E. P. Hamilton & Associates, Inc., TX 
[M] 

(VL to 680) 

(Alt. to Lee L. West) 

Rep. Association of Pool & Spa Professionals 
Randal Hunter, Cooper Bussmann, NV [M] 

(Alt. to Brian E. Rock) 

Rep. National Electrical Manufacturers Association 
Brian Myers, IBEW Local Union 98, PA [L] 

(Alt. to Randy J. Yasenchak) 

Rep. International Brotherhood of Electrical Workers 
Stephen C. Richbourg, Gulf Power Company, FL [UT] 
(Alt. to Bruce R. Hirsch) 

Rep. Electric Light & Power Group/EEI 
Gary L. Siggins, UL LLC, CA [RT] 

(Alt. to Thomas V. Blewitt) 

Kant Fai Siu, Intertek Testing Services, China [RT] 

(Alt. to Ronald F. Schapp) 



Shelby C 
Ri 

Thomas V. Blewitt, UL LLC, NY [RT] 

Bruce R. Hirsch, Baltimore Gas & Electric < 

[UT] 

Rep. Electric Light & PowerJ 
Don W. Jhonson, Interior Electric. Inc., FLl 
Rep. National Electrical Contractors AssociJ 
Wayne E. Morris, Associatm^ of Home AppliaS 
Manufacturers, DC [M] 

(VL to 422, 424) 

Jurgen Pannock, Whirlpool Corporation, ' 

Rep. Air-Conditioning, Heating, & Refrigeration Institute 
(VL to 422, 424) 

Marcos Ramirez, Hatfield-Reynolds Electric Company, AZ 
[IM] 

Rep. Independent Electrical Contractors, Inc. 

Brian E. Rock, Hubbell Incorporated, CT [M] 

Rep. National Electrical Manufacturers Association 
Chester L. Sandberg, Shell Exploration & Production Inc., 
CA [U] 

Rep. Institute of Electrical & Electronics Engineers, Inc. 
Ronald F. Schapp, Intertek Testing Services, OH [RT] 
Kenneth M. Shell, Tyco Thermal Controls, CA [M] 

Rep. Copper Development Association Inc. 

(VL to 426, 427) 

Ronald Sweigart, E.I. duPont de Nemours & Company, Inc., 
DE [U] 

Rep. American Chemistry Council 
(VL to 422, 424, 426, 427, 682) 

Lee L. West, Newport Controls, LLC, CA [M] 

Rep. Association of Pool & Spa Professionals 


Rep. International Association of Electrical Inspectors 
Terry C. Coleman, National Joint Apprentice & Training 
Committee, TN [L] 

(Alt. to Harold C. Ohde) 

Rep. International Brotherhood of Electrical Workers 
Timothy D. Cooke, Times Fiber Communications, Inc., VA 
[UT] 

(Alt. to Steven C. Johnson) 

Rep. National Cable & Telecommunications Association 
John A. Kacperski, Tele Design Services, CA [M] 

(Alt. to Robert W. Jensen) 

Rep. Building Industry Consulting Services International 
Stanley Kaufman, CableSafe, Inc./OFS, GA [M] 

(Alt. to Gerald Lee Dorna) 

Rep. Insulated Cable Engineers Association Inc 
David M. Lettkeman, Dish Network Service, LLC, CO 
[IM] 

(Alt. to George Bish) 

Rep. Satellite Broadcasting & Communications 
Association 

Jack McNamara, Bosch Security Systems, NY [M] 

(Alt. to J. Robett Boyer) 

Rep. Nation|^Wectrical Manufacturers Association 
David B. Schrembeck, DBS Communications, Inc., OH 
[IM] 

(Alt. foJLuigi G, Prezioso) 

► Independent Electrical Contractors, Inc. 
hy Tassone, ULeKS^NY [RT] 
i Randolph J. Iva 
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Matt B. Williams, Association of Home Appliance 
Manufacturers, DC [M] 

(VL to 422, 424) 

(Alt. to Wayne E. Morris) 

Nonvoting 


Andrew M. Trotta, U.S. Consumer Product Safety 
Commission, MD [C] 

Douglas A. Lee, U.S. Consumer Product Safety 
Commission, MD [C] 


CODE-MAKING PANEL NO. 18 
Articles 406, 411, 600, 605 


Bobby J. Gray, Chair 
Hoydar/Buck, Inc., WA [IM] 

Rep. National Electrical Contractors Association 


Michael N. Ber, IEC, Houston, TX [IM] 

Rep. Independent Electrical Contractors, Inc. 

Frederick L. Carpenter, Acuity Brands Lighting, GA [M] 
Rep. National Electrical Manufacturers Association 
Kurt J. Clemente, Clark Nexsen Architecture 
& Engineering, VA [U] 

Rep. Institute of Electrical & Electronics Engineers. Inc. 
Paul Costello, NECA and IBEW Local 90 JATC, CT [L] 
Rep. International Brotherhood of Electrical Workers 
Hakim Hasan, Intertek Testing Services, GA [RT] 

Lee C. Hewitt, UL LLC, IL [RT] 

Melvyn J. Kochan, Young Electric Sign Company, NV [M] 
Rep. International Sign Association 
(VL to 600) 

Amos D. Lowrance, Jr., City of Chattanooga, Tennessee, 
TN [E] 

Rep. International Association of Electrical Inspectors 
Michael S. O’Boyle, Philips-Lightolier, MA [M] 

Rep. American Lighting Association 
(VLto 410, 411) 

Sondra K. Todd, Westar Energy, Inc., KS [UJ 
Rep. Electric Light & Power Group/EEG 
Randall K. Wright, RKW Consulting, PA 

Alternates 

Steve Campolo, Leviton Manufaj 
[M] 

(Alt. to Frederick L. Carpenter) 


Articles 545, 547, 5 




ipnal Sign Association 
J. Kochan) 


Rep. National Electrical Manufacturers Association 
Robert T. Carlock, R. T. Carlock Company, TN [IM] 
(Alt. to Michael N. Ber) 

Rep. Independent Electrical Contractors, Inc. 

Richard D. Gottwald, International Sign Association, VA 
[M] 

Rep.'® 

(t* 

L to 600) 

lard Hollander,of Tucson, AZ [E] 

Amos D. Lowrance, Jr.) 

iternational Association of Electrical Inspectors 
Kurten, UL LLC, NY [RT] 

^lt. to Lee C. Hewitt) 

K. McGowan, Lighting Ideas, Inc., OH [M] 
merican Lighting Association 
(AlB(tt) Michael S. O’Boyle) 
to 410, 411) 

Jesse Sprinkle, IBEW Local 461, IL [L] 

(Alt. to Paul Costello) 

Rep. International Brotherhood of Electrical Workers 
Charles M. Trout, Maron Electric Company, FL [IM] 
(Alt. to Bobby J. Gray) 

Rep. National Electrical Contractors Association 


CODE-MAKING PANEL NO. 19 
51, 552, 553, 555, 604, 675, and Annex D, Examples Dll and D12 


Leslie Sabin-Mercado, Chair 
San Diego Gas & Electric Company, CA [UT] 
Rep. Electric Light & Power Group/EEI 


Barry S. Bauman, Alliant Energy, WI [U] 

Rep. American Society of Agricultural & Biological 
Engineers 

Ron B. Chilton, North Carolina Department of Insurance, 
NC [E] 

Rep. International Association of Electrical Inspectors 
Garry D. Cole, Shelby/Mansfield KOA, OH [U] 

Rep. National Association of RV Parks & Campgrounds 
(VLto 550, 551, 552) 

Steven R. Goodman, Alcan Cable, PA [M] 

Rep. The Aluminum Association, Inc. 

Bruce A. Hopkins, Recreation Vehicle Industry Association, 
VA [M] 

(VLto 550, 551, 552) 

David W. Johnson, CenTex IEC, TX [IM] 


Rep. Independent Electrical Contractors, Inc. 

Thomas R. Lichtenstein, UL LLC, IL [RT] 

Timothy P. McNeive, Thomas & Betts Corporation, TN [M] 
Rep. National Electrical Manufacturers Association 
Ronald Michaelis, South Bend & Vicinity Electrical JATC, 
IN [L] 

Rep. International Brotherhood of Electrical Workers 
Doug Mulvaney, Kampgrounds of America, Inc., MT [U] 
(VL to 550, 551, 552, 555) 

Thomas F. Thierheimer, Britain Electric Company, TX [IM] 
Rep. National Electrical Contractors Association 
Michael L. Zieman, RADCO, CA [RT] 

(VL to 545, 550, 551, 552) 

Donald W. Zipse, Zipse Electrical Forensics, LLC, PA [U] 
Rep. Institute of Electrical & Electronics Engineers, Inc. 
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Alternates 

Glenn H. Ankenbrand, Delmarva Power, MD [UT] 

(Alt. to Leslie Sabin-Mercado) 

Rep. Electric Light & Power Group/EEI 
Michael B. F. Atkinson, Kampgrounds of America, Inc., MT 
[U] 

(Alt. to Doug Mulvaney) 

VL to 550, 551, 552, 555) 

William Bruce Bowman, Fox Systems, Inc., GA [IM] 

(Alt. to David W. Johnson) 

Rep. Independent Electrical Contractors, Inc. 

Wade Elliott, Utility Services Group, Inc., WA [U] 

Rep. National Association of RV Parks & Campgrounds 
(Alt. to Garry D. Cole) 

(VLto 550, 551, 552) 

Robert J. Fick, Alliant Energy, WI [U] 

(Alt. to Barry S. Bauman) 

Rep. American Society of Agricultural & Biological 
Engineers 

John P. Goodsell, Hubbell Incorporated, CT [M] 

(Alt. to Timothy P. McNeive) 


Rep. National Electrical Manufacturers Association 
Dean C. Hunter, Minnesota Department of Labor 
& Industry, MN [E] 

(Alt. to Ron B. Chilton) 

Rep. International Association of Electrical Inspectors 
Lowell Lisker, AFC Cable Systems, Inc., MA [M] 

(Alt. to Steven R. Goodman) 

Rep. The Aluminum Association, Inc. 

Kent Perkins, Recreation Vehicle Industry Association, VA 
[M] 

(VLto 550, 551, 552) 

(Alt. to Bruce A. Hopkins) 

Raymond F. Tucker, Consulting Professional 
Engineer/RADCO, CA [RT] 

(VLto 545, 550, 551, 552) 

(Alt. to Michael L. Zieman) 

Ronald D. Weaver, Jr., North Alabama Electrical JATC, AL 

[L] 

(Alt. to Ronald Michaelis) 

Rep. International Brotherhood of Electrical Workers 
Eugene W. Wirth, UL LLC, WA [RT] 

(Alt. to Thomas R. Lichtenstein) 


NFPA Electrical Engineering Divisio 


This Report has been 
and the results of tl 

This Report has also bi 
voting members. It was 



William Burke, Division Manager 
Mark W. Earley, Chief Electrical Engineer 
Mark Cloutier, Senior Electrical Engineer 
Christopher Coache, Senior Electrical Engineer 
Michael Fontaine, Senior Electrical Engineer 

These lists represent the membership at the time th e™ 
time, changes in the membership may have occurred 

Committee Scope: This Committee sha| 
electricity as a source of electric shoe 
responsible for text to minimize the 

The National Electrical Code Co 
Electrical Code. NFPA 70-2014 is 
pamphlet form. 



A. O’Connor, Technical Projects Administrator 
dson, Senior Electrical Engineer 
oux, Senior Electrical Specialist 
ic. Associate Electrical Specialist 


as balloted on the text of this edition. Since that 
“^ - -tions is found at the front of this book. 

onsibility for documents on minimizing the risk of 
gnition source of fires and explosions. It shall also be 
d explosions due to electrical installations. 

tion its Report on Proposals to NFPA 70, National 
4 of the 2013 National Fire Codes and is in separate 


^ballot of the Code-Making Panels of the National Electric Code Committee, 
in thiTReport. 

Itter ballot of the Technical Correlating Committee, which consists of 12 
sly affirmative to release this Report. 
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NFPA 70 

National Electrical Code® 

2014 Edition 

IMPORTANT NOTE: This NFPA document is made 
available for use subject to important notices and legal 
disclaimers. These notices and disclaimers appear in all 
publications containing this document and may be found 
under the heading “Important Notices and Disclaimers 
Concerning NFPA Documents.” They can also be ob¬ 
tained on request from NFPA or viewed at 
www.nfpa.org/disclaimers. 


Informational Note: IEC 60364-1, Section 131, contains 
fundamental principles of protection for safety that encom¬ 
pass protection against electric shock, protection against 
thermal effects, protection against overcurrent, protection 
against fault currents, and protection against overvoltage. 

All of these potential hazards are addressed by the require¬ 
ments in this Code. 

90.2 Scope. 

(A) Covered. This Code covers the installation of electri¬ 
cal conductors, equipment, and raceways; signaling and 
communications conductors, equipment, and raceways; and 
optical fiber cables and raceways for the following: 


This 2011 edition includes the following usability fea¬ 
tures as aids to the user. Changes other than editorial are 
highlighted with gray shading within sections and with ver¬ 
tical ruling for large blocks of changed or new text and for 
new tables and changed or new figures. Where one or more 
complete paragraphs have been deleted, the deletion is in¬ 
dicated by a bullet (•) between the paragraphs that remain. 
The index now has dictionary-style headers with helpful 
identifiers at the top of every index page. 


ARTICLE 90 
Introduction 


90.1 Purpose. 

(A) Purpose. The purpose of this Cofl& i#the practical 
safeguarding of persons and property from hazards arising 
from the use of electricitvprnis Code is not mtended as a 
design specification or an instruction manual for untrained 
persons. [ROP 1-3] 

(B) Adequacy. This Code contains provisions that are con¬ 
sidered necessary for safety. Compliance therewith and 
proper maintenance results in an installation that is essen¬ 
tially free from hazard but not necessarily efficient, conve¬ 
nient, or adequate for good service or future expansion of 
electrical use. 



(1) Public and private premises, including buildings, struc¬ 
tures, mobile homes, recreational vehicles, and floating 
buildings 

(2) Yards, lots, parking lots, carnivals, and industrial sub- 
sta 

(3installations of conductors and equipment that connect 
the supply of electricity 

lations us canty the electric utility, such as office 
ings, warehouses, garages, machine shops, and 
creational buildings, that are not an integral part of a 
erating plant, substation, or control center. 

Covered. This Code does not cover the following: 
installations in ships, watercraft other than floating 
buildings, railway rolling stock, aircraft, or automotive 
vehicles other than mobile homes and recreational ve¬ 
hicles 

Informational Note: Although the scope of this Code in¬ 
dicates that the Code does not cover installations in ships, 
portions of this Code are incorporated by reference into 
Title 46, Code of Federal Regulations, Parts 110-113. 

(2) Installations underground in mines and self-propelled 
mobile surface mining machinery and its attendant 
electrical trailing cable 

(3) Installations of railways for generation, transformation, 
transmission, or distribution of power used exclusively 
for operation of rolling stock or installations used ex¬ 
clusively for signaling and communications purposes 


Informational Note: Hazards often occur because of over¬ 
loading of wiring systems by methods or usage not in con¬ 
formity with this Code. This occurs because initial wiring 
did not provide for increases in the use of electricity. An 
initial adequate installation and reasonable provisions for 
system changes provide for future increases in the use of 
electricity. 

(€) Relation to Other International Standards. The re¬ 
quirements in this Code address the fundamental principles 
of protection for safety contained in Section 131 of Inter¬ 
national Electrotechnical Commission Standard 60364-1, 
Electrical Installations of Buildings. [ROP 1-3] 


(4) Installations of communications equipment under the 
exclusive control of communications utilities located 
outdoors or in building spaces used exclusively for 
such installations 

(5) Installations under the exclusive control of an electric 
utility where such installations 

a. Consist of service drops or service laterals, and as¬ 
sociated metering, or 

b. Are on property owned or leased by the electric 
utility for the purpose of communications, metering, 
generation, control, transformation, transmission, or 
distribution of electric energy, or 
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c. Are located in legally established easements or 
rights-of-way, or 

d. Are located by other written agreements either des¬ 
ignated by or recognized by public service commis¬ 
sions, utility commissions, or other regulatory agen¬ 
cies having jurisdiction for such installations. These 
written agreements shall be limited to installations 
for the purpose of communications, metering, gen¬ 
eration, control, transformation, transmission, or 
distribution of electric energy where legally estab¬ 
lished easements or rights-of-way cannot be ob¬ 
tained. These installations shall be limited to federal 
lands, Native American reservations through the 
U.S. Department of the Interior Bureau of Indian 
Alfairs, military bases, lands controlled by port au¬ 
thorities and state agencies and departments, and 
lands owned by railroads. 

Informational Note to (4) and (5): Examples of utilities may 
include those entities that are typically designated or recog¬ 
nized by governmental law or regulation by public 
service/utility commissions and that install, operate, and main¬ 
tain electric supply (such as generation, transmission, or distri¬ 
bution systems) or communications systems (such as tele¬ 
phone, CATV, Internet, satellite, or data services). Utilities 
may be subject to compliance with codes and standards cover¬ 
ing their regulated activities as adopted under governmental 
law or regulation. Additional information can be found through 
consultation with the appropriate governmental bodie§®s§jj£h as 
state regulatory commissions, the Federal Energ 
Commission, and the Federal Communications 


Informative annexes are not part of the requirements of 
this Code but are included for informational purposes only. 


(C) Special Permission. The authority having junsdictior 
for enforcing this Code may grant exception for the instal¬ 
lation of conductors and equipment that t™ not under the 
exclusive control of the electric utilities and are use#to 
connect the electric utility supplyv system to the service 
conductors of the premises served^rovided such installa¬ 
tions are outside a building or structure, or terminate inside 
at a readily accessible location nearest the pcfint of entrance 
of the service conductors. [ROP 1-15] 

90.3 Code Arrangement. This Code is divided into the 
introduction and nine chapters, as shown in Figure 90.3. 
Chapters 1, 2, 3, and 4 apply generally; Chapters 5, 6, and 
7 apply to special occupancies, special equipment, or other 
special conditions. These latter chapters supplement or 
modify the general rules. Chapters 1 through 4 apply except 
as amended by Chapters 5, 6, and 7 for the particular con¬ 
ditions. 

Chapter 8 covers communications systems and is not 
subject to the requirements of Chapters 1 through 7 except 
where the requirements are specifically referenced in Chap¬ 
ter 8. 

Chapter 9 consists of tables that are applicable as refer¬ 
enced. 


Chapter 1 — General 


Chapter 2 — Wiring and Protection 


Chapter 3 — Wiring Methods and Materials 


Chapter 4 — Equipment for General Use 


Applies generally 
>- to all electrical 
installations 


Supplements or modifies 
Chapters 1 through 4 




Chapter 5 — Special Occupancies 


Chapter 6 — Special Equipment 


Chapter 7 — Special Conditions 


Chapter 8 is not subject 
to the requirements of 

[chapter 8 — Communica.ionsS^tems] ) 

specifically referenced in 
Chapter 8. 

r Applicable as referenced 

1 Informational only; 
f not mandatory 


Enforcement. This Code is intended to be suitable 
mandatory application by governmental bodies that ex- 
se legal jurisdiction over electrical installations, includ¬ 
ing signaling and communications systems, and for use by 
insurance inspectors. The authority having jurisdiction for 
enforcement of the Code has the responsibility for making 
interpretations of the rules, for deciding on the approval of 
equipment and materials, and for granting the special per¬ 
mission contemplated in a number of the rules. 

By special permission, the authority having jurisdiction 
may waive specific requirements in this Code or permit 
alternative methods where it is assured that equivalent ob¬ 
jectives can be achieved by establishing and maintaining 
effective safety. 

This Code may require new products, constructions, or 
materials that may not yet be available at the time the Code 
is adopted. In such event, the authority having jurisdiction 
may permit the use of the products, constructions, or mate¬ 
rials that comply with the most recent previous edition of 
this Code adopted by the jurisdiction. 


90.5 Mandatory Rules, Permissive Rules, and Explana¬ 
tory Material. 

(A) Mandatory Rules. Mandatory rules of this Code are 
those that identify actions that are specifically required or 
prohibited and are characterized by the use of the terms 
shall or shall not. 
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90.9 


(B) Permissive Rules. Permissive rules of this Code are 
those that identify actions that are allowed but not required, 
are normally used to describe options or alternative meth¬ 
ods, and are characterized by the use of the terms shall be 
permitted or shall not be required. 

(C) Explanatory Material. Explanatory material, such as 
references to other standards, references to related sections 
of this Code, or information related to a Code rule, is in¬ 
cluded in this Code in the form of informational notes. 
Such notes are informational only and are not enforceable 
as requirements of this Code. 

Brackets containing section references to another NFPA 
document are for informational purposes only and are pro¬ 
vided as a guide to indicate the source of the extracted text. 
These bracketed references immediately follow the ex¬ 
tracted text. 

Informational Note: The format and language used in this 
Code follows guidelines established by NFPA and pub¬ 
lished in the NEC Style Manual. Copies of this manual can 
be obtained from NFPA. 

(D) Informative Annexes. Nonmandatory information 
relative to the use of the NEC is provided in informative 
annexes. Informative annexes are not part of the e: 
able requirements of the NEC, but are included for 
mation purposes only. 

90.6 Formal Interpretations. To p 

interpretation and application of tl 
Code, formal interpretation procedure? 
lished and are found in theNFPA Re tula' 

Committee Projects. 

90.7 Examination of Equipment for Safety. For specific 
items of equipment and materials refared to in this Code, 
examinations for safety made under ^standard conditions 
provide a basis for approval where the record is made gen¬ 
erally available through promulgation by organizations 
properly equipped and qualified for experimental testing, 
inspections of the run of goods at factories, and service- 
value determination through field inspections. This avoids 
the necessity for repetition of examinations by different 
examiners, frequently with inadequate facilities for such 
work, and the confusion that would result from conflicting 
reports on the suitability of devices and materials examined 
for a given purpose. 

It is the intent of this Code that factory-installed inter¬ 
nal wiring or the construction of equipment need not be 
inspected at the time of installation of the equipment, ex¬ 
cept to detect alterations or damage, if the equipment has 
been listed by a qualified electrical testing laboratory that is 
recognized as having the facilities described in the preced¬ 




ing paragraph and that requires suitability for installation in 
accordance with this Code. 

Informational Note No. 1: See requirements in 110.3. 

Informational Note No. 2: Listed is defined in Article 100. 

Informational Note No. 3: Informative Annex A contains 
an informative list of product safety standards for electrical 
equipment. 

90.8 Wiring Planning. 

(A) Future Expansion and Convenience. Plans and 
specifications that provide ample space in raceways, spare 
raceways, and additional spaces allow for future increases 
in electric power and communications circuits. Distribution 
centers locateAin readily accessible locations provide con¬ 
venience and safety of operation. 

(B) Number of Circuits in Enclosures. It is elsewhere 
provided in this Code that the number of wires and circuits 

ned in a single enclosure be varyingly restricted. Lim- 
Tng the number of circuits in a single enclosure minimizes 
the effects from a short circuit or ground fault. [ROP1-19], 

Units of Measurement. 


urement System of Preference. For the purpose 
Code, metric units of measurement are in accor¬ 
dance with the modernized metric system known as the 
International System of Units (SI). 

(B) Dual System of Units. SI units shall appear first, and 
inch-pound units shall immediately follow in parentheses. 
Conversion from inch-pound units to SI units shall be 
based on hard conversion except as provided in 90.9(C). 

(C) Permitted Uses of Soft Conversion. The cases given 
in 90.9(C)(1) through (C)(4) shall not be required to use 
hard conversion and shall be permitted to use soft conver¬ 
sion. 

(1) Trade Sizes. Where the actual measured size of a prod¬ 
uct is not the same as the nominal size, trade size designa¬ 
tors shall be used rather than dimensions. Trade practices 
shall be followed in all cases. 

(2) Extracted Material. Where material is extracted from 
another standard, the context of the original material shall 
not be compromised or violated. Any editing of the ex¬ 
tracted text shall be confined to making the style consistent 
with that of the NEC. 

(3) Industry Practice. Where industry practice is to ex¬ 
press units in inch-pound units, the inclusion of SI units 
shall not be required. 

(4) Safety. Where a negative impact on safety would re¬ 
sult, soft conversion shall be used. 
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(D) Compliance. Conversion from inch-pound units to SI 
units shall be permitted to be an approximate conversion. 
Compliance with the numbers shown in either the SI sys¬ 
tem or the inch-pound system shall constitute compliance 
with this Code. 

Informational Note No. 1: Hard conversion is considered 
a change in dimensions or properties of an item into new 
sizes that might or might not be interchangeable with the 


sizes used in the original measurement. Soft conversion is 
considered a direct mathematical conversion and involves a 
change in the description of an existing measurement but 
not in the actual dimension. 

Informational Note No. 2: SI conversions are based on 
IEEE/ASTM SI 10-1997, Standard for the Use of the Inter¬ 
national System of Units (SI): The Modern Metric System. 
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CHAPTER 1 


Chapter 1 General 


ARTICLE 100 
Definitions 

Scope. This article contains only those definitions essential 
to the proper application of this Code. It is not intended to 
include commonly defined general terms or commonly de¬ 
fined technical terms from related codes and standards. In 
general, only those terms that are used in two or more 
articles are defined in Article 100. Other definitions are 
included in the article in which they are used but may be 
referenced in Article 100. 

Part I of this article contains definitions intended to 
apply wherever the terms are used throughout this Code. 
Part II contains definitions applicable only to the parts of 
articles specifically covering installations and equipment 
operating at over 600 volts, nominal. 

I. General 

Accessible (as applied to equipment). Admittin 
approach; not guarded by locked doors, elevation, or 
effective means. 

Accessible (as applied to wiring 

being removed or exposed without 
structure or finish or not permanently 
ture or finish of the building. 

Accessible, Readily (Rea 

ing reached quickly for oi 
without requiring those 
to climb over or remove o 
ladders, and so forth. 





ible of be- 
w|p, oruyr'spections 
ess is requisite 
sort to portable 


Adjustable Speed Drive. Powei^onversion equipment 
that provides a means of adjusting the speed of an electric 
motor. [ROP 11-75] 

Informational Note: A variable frequency drive is one type 
of electronic adjustable speed drive that controls the rota¬ 
tional speed of an alternating current electric motor by con¬ 
trolling the frequency and voltage of the electrical power 
supplied to the motor. [ROP 11-75] 

Adjustable Speed Drive System. A combination of an ad¬ 
justable speed drive, its associated motor(s), and auxiliary 
equipment. [ROP 11-75] 

Ampacity. The maximum current, in amperes, that a con¬ 
ductor can carry continuously under the conditions of use 
without exceeding its temperature rating. 

Appliance. Utilization equipment, generally other than in¬ 
dustrial, that is normally built in standardized sizes or types 


and is installed or connected as a unit to perform one or 
more functions such as clothes washing, air conditioning, 
food mixing, deep frying, and so forth. 

Approved. Acceptable to the authority having jurisdiction. 

Arc-Fault Circuit Interrupter (AFCI). A device intended 
to provide protection from the effects of arc faults by rec¬ 
ognizing characteristics unique to arcing and by function¬ 
ing to de-energize the circuit when an arc fault is detected. 

Askarel. A generic term for a group of nonflammable syn¬ 
thetic chlorinated hydrocarbons used as electrical insulating 
media. Askarels of various compositional types are used. 
Under arcinjPconditions, the gases produced, while consist¬ 
ing predominantly of noncombustible hydrogen chloride, 
canjrfelude varying amounts of combustible gases, depend- 
n the askarel type. 

nt Plug (Plug Cap) (Plug). A device that, by 
sertton in a receptacle, establishes a connection between 
onductors of the attached flexible cord and the conduc- 
toStSRnnected permanently to the receptacle. 


ity Having Jurisdiction (AHJ). An organization, 
r , or individual responsible for enforcing the require¬ 
ments of a code or standard, or for approving equipment, 
materials, an installation, or a procedure. 

Informational Note: The phrase “authority having jurisdic¬ 
tion,” or its acronym AHJ, is used in NFPA documents in a 
broad manner, since jurisdictions and approval agencies 
vary, as do their responsibilities. Where public safety is 
primary, the authority having jurisdiction may be a federal, 
state, local, or other regional department or individual such 
as a fire chief; fire marshal; chief of a fire prevention bu¬ 
reau, labor department, or health department; building offi¬ 
cial; electrical inspector; or others having statutory author¬ 
ity. For insurance purposes, an insurance inspection 
department, rating bureau, or other insurance company rep¬ 
resentative may be the authority having jurisdiction. In 
many circumstances, the property owner or his or her des¬ 
ignated agent assumes the role of the authority having ju¬ 
risdiction; at government installations, the commanding of¬ 
ficer or departmental official may be the authority having 
jurisdiction. 

Automatic. Performing a function without the necessity of 
human intervention. 

Bathroom. An area including a basin with one or more of 
the following: a toilet, a urinal, a tub, a shower, a bidet, or 
similar plumbing fixtures. 

Battery System. Interconnected battery subsystems con¬ 
sisting of one or more storage batteries and battery charg¬ 
ers, and can include inverters, converters, and associated 
electrical equipment. [ROP 13-3] 
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Bonded (Bonding). Connected to establish electrical con¬ 
tinuity and conductivity. 

Bonding Conductor or Jumper. A reliable conductor to 
ensure the required electrical conductivity between metal 
parts required to be electrically connected. 

Bonding Jumper, Equipment. The connection between 
two or more portions of the equipment grounding conduc¬ 
tor. 

Bonding Jumper, Main. The connection between the 
grounded circuit conductor and the equipment grounding 
conductor at the service. 

Bonding Jumper, System. The connection between the 
grounded circuit conductor and the supply-side bonding 
jumper, or the equipment grounding conductor, or both, at a 
separately derived system. 

Branch Circuit. The circuit conductors between the final 
overcurrent device protecting the circuit and the outlet(s). 

Branch Circuit, Appliance. A branch circuit that supplies 
energy to one or more outlets to which appliances are to be 
connected and that has no permanently connected lumi¬ 
naires that are not a part of an appliance. 

Branch Circuit, General-Purpose. A branch circuit that 
supplies two or more receptacles or outlets for lighting and 
appliances. 

Branch Circuit, Individual. A branch cin 
only one utilization equipment. 

^haf^onsists 
ave a voltage 
nas equal 
|for of the 
grounded 


Branch Circuit, Multiwire. A hr 

of two or more ungrounded co 
between them, and a ground® 
voltage between it and each ung: 
circuit and that is connected to thi 
conductor of the system. 



Informational Note: The automatic opening means can be 
integral, direct acting with the circuit breaker, or remote 
from the circuit breaker. 

Adjustable (as applied to circuit breakers). A qualifying 
term indicating that the circuit breaker can be set to trip at 
various values of current, time, or both, within a predeter¬ 
mined range. 

Instantaneous Trip (as applied to circuit breakers). A 
qualifying term indicating that no delay is purposely intro¬ 
duced in the tripping action of the circuit breaker. 

Inverse Time (as applied to circuit breakers). A qualifying 
term indicating that there is purposely introduced a delay in 
the tripping action of the circuit breaker, which delay de¬ 
creases as the magnitude of the current increases. 

Nonadjustable (as applied to circuit breakers). A quali¬ 
fying term indicating that the circuit breaker does not have 
any adjustment to alter the value of current at which it will 
trip or thejfjme required lor its operation. 

Setting (vf circuit breakers). The value of current, time, or 
both, at which an adjustable circuit breaker is set to trip. 

Clothes Closet. A non-habitable room or space intended 
primarily fo^storage of garments and apparel. 

Communications Equipment. The electronic equipment 
that performs the telecommunications operations for the 
nsmission of audio, video, and data, and includes power 
uipment (e.g., dc converters, inverters, and batteries), 
nical support equipment (e.g., computers), and conduc- 
brs dedicated solely to the operation of the equipment. 
[ROP 16-6] 

Concealed. Rendered inaccessible by the structure or finish 
of the building. 

Informational Note: Wires in concealed raceways are con¬ 
sidered concealed, even though they may become acces¬ 
sible by withdrawing them. [ROP 1-31] 


Building. A structure that stands alone or that is cut off 
from adjoining structures by fire walls with all openings 
therein protected by approved fire doors. 

Cabinet. An enclosure that is designed for either surface 
mounting or flush mounting and is provided with a frame, 
mat, or trim in which a swinging door or doors are or can 
be hung. 

Charge Controller. Equipment that controls dc voltage or 
dc current, or both, and that is used to charge a battery or 
other energy storage device. [ROP 4-4] 

Circuit Breaker. A device designed to open and close a 
circuit by nonautomatic means and to open the circuit au¬ 
tomatically on a predetermined overcurrent without damage 
to itself when properly applied within its rating. 


Conductor, Bare. A conductor having no covering or elec¬ 
trical insulation whatsoever. 

Conductor, Covered. A conductor encased within material 
of composition or thickness that is not recognized by this 
Code as electrical insulation. 

Conductor, Insulated. A conductor encased within mate¬ 
rial of composition and thickness that is recognized by this 
Code as electrical insulation. 

Conduit Body. A separate portion of a conduit or tubing 
system that provides access through a removable cover(s) 
to the interior of the system at a junction of two or more 
sections of the system or at a terminal point of the system. 

Boxes such as FS and FD or larger cast or sheet metal 
boxes are not classified as conduit bodies. 
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Connector, Pressure (Solderless). A device that estab¬ 
lishes a connection between two or more conductors or 
between one or more conductors and a terminal by means 
of mechanical pressure and without the use of solder. 

Continuous Load. A load where the maximum current is 
expected to continue for 3 hours or more. 

Control Circuit. The circuit of a control apparatus or sys¬ 
tem that carries the electric signals directing the perfor¬ 
mance of the controller but does not carry the main power 
current. [ROP 11-5, ROP 11-8] 


Duty, Continuous. Operation at a substantially constant 
load for an indefinitely long time. 

Duty, Intermittent. Operation for alternate intervals of (1) 
load and no load; or (2) load and rest; or (3) load, no load, 
and rest. 

Duty, Periodic. Intermittent operation in which the load 
conditions are regularly recurrent. 

Duty, Short-Time. Operation at a substantially constant 
load for a short and definite, specified time. 


Controller. A device or group of devices that serves to 
govern, in some predetermined manner, the electric power 
delivered to the apparatus to which it is connected. 

Cooking Unit, Counter-Mounted. A cooking appliance 
designed for mounting in or on a counter and consisting of 
one or more heating elements, internal wiring, and built-in 
or mountable controls. 

Coordination (Selective). Localization of an overcurrent 
condition to restrict outages to the circuit or equipment 
affected, accomplished by the selection and installation of 
overcurrent protective devices and their ratings or settings 
for full range of available overcurrents, from overload to 
the maximum available fault current, and for the full range 
of overcurrent protective device opening times associated 
with those overcurrents. [ROP 10-5] 



Copper-Clad Aluminum Conductors. Conductors draw 
from a copper-clad aluminum rod with the copper metallur- 
gically bonded to an alumin um co re.NBtere the copper 
forms a minimum of 10 percent of the cross-sectional area 
of a solid conductor or each strand of a stranded conductor. 
[ROP 6-4] 



Cutout Box. An enclosure designed for surface mounting 
that has swinging doors or covers secured directly to and 
telescoping with the walls of the box proper. 

Dead Front. Without live parts exposed to a person on the 
operating side of the equipment. 

Demand Factor. The ratio of the maximum demand of a 
system, or part of a system, to the total connected load of a 
system or the part of the system under consideration. 

Device. A unit of an electrical system, other than a conduc¬ 
tor, that carries or controls electric energy as its principal 
function. [ROP l-31a] 

Disconnecting Means. A device, or group of devices, or 
other means by which the conductors of a circuit can be 
disconnected from their source of supply. 

Dusttight. Constructed so that dust will not enter the en¬ 
closing case under specified test conditions. 


Duty, Varying. Operation at loads, and for intervals of 
time, both of which may be subject to wide variation. 

Dwelling, One-Family. A building that consists solely of 
one dwelling unit. 

Dwelling, Two-Family. A building that consists solely of 
two dwelling units. 


Dwelling, Multif 

Dre dwelling unffi 



lily. A building that contains three or 



welling Unit. A single unit, providing complete and in¬ 
dent living facilities for one or more persons, includ¬ 
ing permanent provisions for living, sleeping, cooking, and 
sanita 

ive Ground-Fault Current Path. An intentionally 
constructed, low-impedance electrically conductive path 
designed and intended to carry current underground-fault 
conditions from the point of a ground fault on a wiring 
system to the electrical supply source and that facilitates 
the operation of the overcurrent protective device or 
ground-fault detectors. [ROP 5-6] 

Electric Sign. A fixed, stationary, or portable self- 
contained, electrically illuminated utilization equipment 
with words or symbols designed to convey information or 
attract attention. 

Electric Power Production and Distribution Network. 

Power production, distribution, and utilization equipment 
and facilities, such as electric utility systems that deliver 
electric power to the connected loads, that are external to 
and not controlled by an interactive system. 

Electric-Discharge Lighting. Systems of illumination uti¬ 
lizing fluorescent lamps, high-intensity discharge (HID) 
lamps, or neon tubing. [ROP 18-3] 

Enclosed. Surrounded by a case, housing, fence, or wall(s) 
that prevents persons from accidentally contacting ener¬ 
gized parts. 

Enclosure. The case or housing of apparatus, or the fence 
or walls surrounding an installation to prevent personnel 
from accidentally contacting energized parts or to protect 
the equipment from physical damage. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-29 



CHAPTER 1 


ARTICLE 100 —DEFINITIONS 


Informational Note: See Table 110.29 for examples of en¬ 
closure types. 

Energized. Electrically connected to, or is, a source of 
voltage. 

Equipment. A general term, including fittings, devices, ap¬ 
pliances, luminaires, apparatus, machinery, and the like 
used as a part of, or in connection with, an electrical instal¬ 
lation. 

Explosionproof Equipment. Equipment enclosed in a case 
that is capable of withstanding an explosion of a specified 
gas or vapor that may occur within it and of preventing the 
ignition of a specified gas or vapor surrounding the enclo¬ 
sure by sparks, flashes, or explosion of the gas or vapor 
within, and that operates at such an external temperature 
that a surrounding flammable atmosphere will not be ig¬ 
nited thereby. 

Informational Note: For further information, see 

ANSI/UL 1203-2009, Explosion-Proof and Dust-Ignition- 
Proof Electrical Equipment for Use in Hazardous (Classi¬ 
fied) Locations. [ROP 14-3] 

Exposed (as applied to live parts). Capable of being in¬ 
advertently touched or approached nearer than a safe dis 
tance by a person. 

Informational Note: This term applies to parts that are not 
suitably guarded, isolated, or insulated. [ROP 1-49 

Exposed (as applied to wiring methods). 

to the surface or behind panels designed to 

Externally Operable. Capable of being open 
exposing the operator to contact with live parts. 

Feeder. All circuit conductors between the service equip¬ 
ment, the source of a separately derived system, or other 
power supply source and the final branch-circuit overcur¬ 
rent device. 

Festoon Lighting. A string of outdoor lights that is sus¬ 
pended between two points. 

Fitting. An accessory such as a locknut, bushing, or other 
part of a wiring system that is intended primarily to per¬ 
form a mechanical rather than an electrical function. 

Garage. A building or portion of a building in which one or 
more self-propelled vehicles can be kept for use, sale, stor¬ 
age, rental, repair, exhibition, or demonstration purposes. 

Informational Note: For commercial garages, repair and 
storage, see Article 511. 

Ground. The earth. 

Ground Fault. An unintentional, electrically conductive 
connection between an ungrounded conductor of an electri¬ 
cal circuit and the normally non-current-carrying conduc¬ 



tors, metallic enclosures, metallic raceways, metallic equip¬ 
ment, or earth. [ROP 5-11] 

Grounded (Grounding). Connected (connecting) to 
ground or to a conductive body that extends the ground 
connection. 

Grounded, Solidly. Connected to ground without inserting 
any resistor or impedance device. 

Grounded Conductor. A system or circuit conductor that 
is intentionally grounded. 

Ground-Fault Circuit Interrupter (GFCI). A device in¬ 
tended for the protection of personnel that functions to de¬ 
energize a circuit or portion thereof within an established 
period of time when a current to ground exceeds the values 
established for a Claif A device. 

Informational Note: Class A ground-fault circuit interrupt¬ 
ers trip when the current to ground is 6 mA or higher and 
do not Ujip^hen tnS current to ground is less than 4 mA. 

For fjflp ier information, see UL 943, Standard for Ground- 
Fault Circuit Interrupter ^ 

Ground-Fault Current Path. An electrically conductive 
path from the point of a ground fault on a wiring system 
through normally non-current-carrying conductors, equip- 
or the earth to the electrical supply source. 

al Note: Examples of ground-fault current 
aths could consist of any combination of equipment 
grounding conductors, metallic raceways, metallic cable 
sheaths, electrical equipment, and any other electrically 
onductive material such as metal water and gas piping, 
steel framing members, stucco mesh, metal ducting, rein¬ 
forcing steel, shields of communications cables, and the 
earth itself. [ROP 5-13 ROP 5-14] 

Ground-Fault Protection of Equipment. A system in¬ 
tended to provide protection of equipment from damaging 
line-to-ground fault currents by operating to cause a discon¬ 
necting means to open all ungrounded conductors of the 
faulted circuit. This protection is provided at current levels 
less than those required to protect conductors from damage 
through the operation of a supply circuit overcurrent de¬ 
vice. 

Grounding Conductor, Equipment (EGC). The conduc¬ 
tive path(s) that provides a ground-fault current path and 
connects normally non-current-carrying metal parts of 
equipment together and to the system grounded conductor 
or to the grounding electrode conductor, or both. [ROP 
5-14a] 

Informational Note No. 1: It is recognized that the equip¬ 
ment grounding conductor also performs bonding. 

Informational Note No. 2: See 250.118 for a list of accept¬ 
able equipment grounding conductors. 

Grounding Electrode. A conducting object through which 
a direct connection to earth is established. 
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Grounding Electrode Conductor. A conductor used to 
connect the system grounded conductor or the equipment to 
a grounding electrode or to a point on the grounding elec¬ 
trode system. 

Guarded. Covered, shielded, fenced, enclosed, or other¬ 
wise protected by means of suitable covers, casings, barri¬ 
ers, rails, screens, mats, or platforms to remove the likeli¬ 
hood of approach or contact by persons or objects to a point 
of danger. 


lays; (3) a combination of power and control circuit com¬ 
ponents. These components, with associated wiring and ter¬ 
minals, are mounted on or contained within an enclosure or 
mounted on a subpanel. 

The industrial control panel does not include the con¬ 
trolled equipment. [ROP 11-7] 

Interactive System. An electric power production system 
that is operating in parallel with and capable of delivering 
energy to an electric primary source supply system. 


Guest Room. An accommodation combining living, sleep¬ 
ing, sanitary, and storage facilities within a compartment. 

Guest Suite. An accommodation with two or more con¬ 
tiguous rooms comprising a compartment, with or without 
doors between such rooms, that provides living, sleeping, 
sanitary, and storage facilities. 

Handhole Enclosure. An enclosure for use in underground 
systems, provided with an open or closed bottom, and sized 
to allow personnel to reach into, but not enter, for the pur¬ 
pose of installing, operating, or maintaining equipment or 
wiring or both. 

Hermetic Refrigerant Motor-Compressor. A combina¬ 
tion consisting of a compressor and motor, both of, 
are enclosed in the same housing, with no external si 
shaft seals, the motor operating in the refrigerant. 

11 - 6 ] 

Hoistway. Any shaftway, hatchway, wi 
tical opening or space in which an 
is designed to operate. 


Identified (as applied to 

suitable for the specific 
ment, application, and 
ticular Code requirement. 




- -Ti s - _ 

pose, function, use, environ- 
jrth, where described in a par- 


informational Note: Some examples of ways to determine 
suitability of equipment for a specific purpose, environ¬ 
ment, or application include investigations by a qualified 
testing laboratory (listing and labeling), an inspection 
agency, or other organizations concerned with product 
evaluation. 

In Sight From (Within Sight From, Within Sight). 

Where this Code specifies that one equipment shall be “in 
sight from,” “within sight from,” or “within sight of,” and 
so forth, another equipment, the specified equipment is to 
be visible and not more than 15 m (50 ft) distant from the 
other. 

Industrial Control Panel. An assembly of two or more 
components consisting of one of the following: (1) power 
circuit components only, such as motor controllers, over¬ 
load relays, fused disconnect switches, and circuit breakers; 
(2) control circuit components only, such as pushbuttons, 
pilot lights, selector switches, timers, switches, control re¬ 


Interrupting Rating. The highest current at rated voltage 
that a device is identified to interrupt under standard test 
conditions. 

Informational Note: Equipment intended to interrupt cur¬ 
rent at other than fault levels may have its interrupting 
rating implied in other ratings, such as horsepower or 
locked jotor current. 

Intersystem Bonding Termination. A device that pro¬ 
vides a means tor-connecting intersystem bonding conduc¬ 
tor communications systems to the grounding electrode 
ysteirytROP 5-16] 

olated (as applied to location). Not readily accessible 
rsons unless special means for access are used. 


Kitchen, An area with a sink and permanent provisions for 
reparation and cooking. 

Labeled. Equipment or materials to which has been at¬ 
tached a label, symbol, or other identifying mark of an 
organization that is acceptable to the authority having juris¬ 
diction and concerned with product evaluation, that main¬ 
tains periodic inspection of production of labeled equip¬ 
ment or materials, and by whose labeling the manufacturer 
indicates compliance with appropriate standards or perfor¬ 
mance in a specified manner. 

Lighting Outlet. An outlet intended for the direct connec¬ 
tion of a lampholder or luminaire. 

Lighting Track (Track Lighting). A manufactured assem¬ 
bly designed to support and energize luminaires that are 
capable of being readily repositioned on the track. Its 
length can be altered by the addition or subtraction of sec¬ 
tions of track. [ROP 18-5] 

Listed. Equipment, materials, or services included in a list 
published by an organization that is acceptable to the au¬ 
thority having jurisdiction and concerned with evaluation 
of products or services, that maintains periodic inspection 
of production of listed equipment or materials or periodic 
evaluation of services, and whose listing states that either 
the equipment, material, or service meets appropriate des¬ 
ignated standards or has been tested and found suitable for 
a specified purpose. 

Informational Note: The means for identifying listed 

equipment may vary for each organization concerned with 
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product evaluation, some of which do not recognize equip¬ 
ment as listed unless it is also labeled. Use of the system 
employed by the listing organization allows the authority 
having jurisdiction to identify a listed product. 

Live Parts. Energized conductive components. 

Location, Damp. Locations protected from weather and 
not subject to saturation with water or other liquids but 
subject to moderate degrees of moisture. 

Informational Note: Examples of such locations include 
partially protected locations under canopies, marquees, 
roofed open porches, and like locations, and interior loca¬ 
tions subject to moderate degrees of moisture, such as some 
basements, some bams, and some cold-storage warehouses. 
[ROP 1-52] 

Location, Dry. A location not normally subject to damp¬ 
ness or wetness. A location classified as dry may be tem¬ 
porarily subject to dampness or wetness, as in the case of a 
building under construction. 

Location, Wet. Installations underground or in concrete 
slabs or masonry in direct contact with the earth; in loca¬ 
tions subject to saturation with water or other liquids, such 
as vehicle washing areas; and in unprotected locations ex¬ 
posed to weather. 

Luminaire. A complete lighting unit consisting of a light 
source such as a lamp or lamps, together with thg. .parts 
designed to position the light source and connect it to the 
power supply. It may also include parts to protect the light 
source or the ballast or to distribute the lig 
itself is not a luminaire. 


Motor Control Center. An assembly of one en¬ 
closed sections having a common power bits and 
pally containing motor controrunils. 

Multioutlet Assembly. A type of suifetce, flush, or free¬ 
standing raceway designed to hold conductors and recep¬ 
tacles, assembled in the field or at the fabtbry. 

Neutral Conductor. The conductor connected to the neu¬ 
tral point of a system that is intended to carry current under 
normal conditions. 


Nonlinear Load. A load where the wave shape of the 
steady-state current does not follow the wave shape of the 
applied voltage. 

Informational Note: Electronic equipment, 

electronic/electric-discharge lighting, adjustable-speed 
drive systems, and similar equipment may be nonlinear 
loads. 

Outlet. A point on the wiring system at which current is 
taken to supply utilization equipment. 

Outline Lighting. An arrangement of incandescent lamps, 
electric-discharge lighting, or other electrically powered 
light sources to outline or call attention to certain features 
such as the shape of a building or the decoration of a 
window. 


Overcurrent. Ai 

equipment 
from overli 


or. 


shor 


.irrent in excess of the rated current of 
opacity of a conductor. It may result 
circuit, or ground fault. 




ffional Note: A' current in excess of rating may be 
Rmodated by certain equipment and conductors for a 
gen set of conditions. Therefore, the rules for overcurrent 
protectionjSre specific for particular situations. 

Overcurrent Protective Device, Branch-Circuit. A de- 

apable of providing protection for service, feeder, and 
its and equipment over the full range of over- 
vveen its rated current and its interrupting rat- 
Branch-circuit overcurrent protective devices are pro¬ 
vided with interrupting ratings appropriate for the intended 
but no less than 5000 amperes. 

Overcurrent Protective Device, Supplementary. A de¬ 
vice intended to provide limited overcurrent protection for 
specific applications and utilization equipment such as lu¬ 
minaires and appliances. This limited protection is in addi¬ 
tion to the protection provided in the required branch cir¬ 
cuit by the branch-circuit overcurrent protective device. 

Overload. Operation of equipment in excess of normal, 
full-load rating, or of a conductor in excess of rated ampac¬ 
ity that, when it persists for a sufficient length of time, 
would cause damage or dangerous overheating. A fault, 
such as a short circuit or ground fault, is not an overload. 


Neutral Point. The common point on a wye-connection in 
a polyphase system or midpoint on a single-phase, 3-wire 
system, or midpoint of a single-phase portion of a 3-phase 
delta system, or a midpoint of a 3-wire, direct-current sys¬ 
tem. 

Informational Note: At the neutral point of the system, the 
vectorial sum of the nominal voltages from all other phases 
within the system that utilize the neutral, with respect to the 
neutral point, is zero potential. 

Nonautomatic. Requiring human intervention to perform a 
function. 


Panelboard. A single panel or group of panel units de¬ 
signed for assembly in the form of a single panel, including 
buses and automatic overcurrent devices, and equipped 
with or without switches for the control of light, heat, or 
power circuits; designed to be placed in a cabinet or cutout 
box placed in or against a wall, partition, or other support; 
and accessible only from the front. 

Photovoltaic (PV) System. The total components and sub¬ 
system that, in combination, convert solar energy into elec¬ 
tric energy suitable for connection to a utilization load. 

[ROP 4-8a] 
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Plenum. A compartment or chamber to which one or more 
air ducts are connected and that forms part of the air distri¬ 
bution system. 


Remote-Control Circuit. Any electrical circuit that con¬ 
trols any other circuit through a relay or an equivalent de¬ 
vice. 


Power Outlet. An enclosed assembly that may include re¬ 
ceptacles, circuit breakers, fuseholders, fused switches, 
buses, and watt-hour meter mounting means; intended to 
supply and control power to mobile homes, recreational 
vehicles, park trailers, or boats or to serve as a means for 
distributing power required to operate mobile or tempo¬ 
rarily installed equipment. 


Retrofit Kit. A general term for a complete listed subas¬ 
sembly of parts and devices for field conversion of utiliza¬ 
tion equipment. [ROP 18-9] 

Sealable Equipment. Equipment enclosed in a case or 
cabinet that is provided with a means of sealing or locking 
so that live parts cannot be made accessible without open¬ 
ing the enclosure. [ROP 1-63] 


Premises Wiring (System). Interior and exterior wiring, 
including power, lighting, control, and signal circuit wiring 
together with all their associated hardware, fittings, and 
wiring devices, both permanently and temporarily installed. 
This includes (a) wiring from the service point or power 
source to the outlets or (b) wiring from and including the 
power source to the outlets where there is no service point. 

Such wiring does not include wiring internal to appli¬ 
ances, luminaires, motors, controllers, motor control cen¬ 
ters, and similar equipment. 

Informational Note: Power sources include, but are not 
limited to, interconnected or stand-alone batteries, solar 
photovoltaic systems, other distributed generation systejj 
or generators. [ROP 1-61] 

Qualified Person. One who has skills and knowledg 
lated to the construction and operation of the electrical 
equipment and installations and has received safety train!! 
to recognize and avoid the hazards involved. 

Informational Note: Refer to NFPA 70E-2009. 
for Electrical Safety in the Worj^^ce, for electrical safety 
training requirements. 


Raceway. An enclosed 
materials designed expre 
busbars, with additional 
Code. 



or ftfinmetallic 
ires, cables, or 
rmitted in this 


Informational Note: A raceway isndentified within spe¬ 
cific article definitions. [ROP 8-24] 

Rainproof. Constructed, protected, or treated so as to pre¬ 
vent rain from interfering with the successful operation of 
the apparatus under specified test conditions. 

Raintight. Constructed or protected so that exposure to a 
beating rain will not result in the entrance of water under 
specified test conditions. 


Informational Note: The equipment may or may not be 
operable without opening the enclosure. [ROP 1-63] 

Separately Derived System. A premises wiring system or 
portion of a premises wiring system other than a service. 
Power for such systems is derived from a source of electric 
energyar equipment with no direct connection from circuit 
conductors of one system to circuit conductors of another 
i, other than connections through the earth, ground- 
electrode^), grounding electrode conductors, bonding 
r jump«Aised to connect grounding electrodes, equipment 
conductors, metal enclosures, or metallic race- 
[ROP 5-20] 


vav 


Service. The conductors and equipment for delivering elec¬ 
tric energy from the serving utility to the wiring system of 
the premises served. 

Service Cable. Service conductors made up in the form of 
a cable. 

Service Conductors. The conductors from the service 
point to the service disconnecting means. 

Service Conductors, Overhead. The overhead conductors 
between the service point and the first point of connection 
to the service-entrance conductors at the building or other 
structure. 

Service Conductors, Underground. The underground 
conductors between the service point and the first point of 
connection to the service-entrance conductors in a terminal 
box, meter, or other enclosure, inside or outside the build¬ 
ing wall. 

Informational Note: Where there is no terminal box, 
meter, or other enclosure, the point of connection is consid¬ 
ered to be the point of entrance of the service conductors 
into the building. 


Receptacle. A receptacle is a contact device installed at the 
outlet for the connection of an attachment plug. A single 
receptacle is a single contact device with no other contact 
device on the same yoke. A multiple receptacle is two or 
more contact devices on the same yoke. 

Receptacle Outlet. An outlet where one or more recep¬ 
tacles are installed. 


Service Drop. The overhead conductors between the utility 
electric supply system and the service point. 

Service-Entrance Conductors, Overhead System. The 

service conductors between the terminals of the service 
equipment and a point usually outside the building, clear of 
building walls, where joined by tap or splice to the service 
drop or overhead service conductors. 
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Service-Entrance Conductors, Underground System. 

The service conductors between the terminals of the service 
equipment and the point of connection to the service lateral 
or underground service conductors. 

Informational Note: Where service equipment is located 
outside the building walls, there may be no service- 
entrance conductors or they may be entirely outside the 
building. 

Service Equipment. The necessary equipment, usually 
consisting of a circuit breaker(s) or switch(es) and fuse(s) 
and their accessories, connected to the load end of service 
conductors to a building or other structure, or an otherwise 
designated area, and intended to constitute the main control 
and cutoff of the supply. 

Service Lateral. The underground conductors between the 
utility electric supply system and the service point. 

Service Point. The point of connection between the facili¬ 
ties of the serving utility and the premises wiring. 

Informational Note: The service point can be described as 
the point of demarcation between where the serving utility 
ends and the premises wiring begins. The serving utility 
generally specifies the location of the service point based 
on the conditions of service. 

Short-Circuit Current Rating. The prospective symmetri 
cal fault current at a nominal voltage to which an apparatus 
or system is able to be connected without sus 
age exceeding defined acceptance criteria. 

Show Window. Any window used or design* 
for the display of goods or ad vert is] 
is fully or partly enclosed or 
whether or not it has a platfor: 
floor level. 


Signaling Circuit. Any electrical cin 
naling equipment. 

[ROP 4-8a] 


rgtzes sig- 


Surge-Protective Device (SPD). A protective device for 
limiting transient voltages by diverting or limiting surge 
current; it also prevents continued flow of follow current 
while remaining capable of repeating these functions and is 
designated as follows: 

Type 1: Permanently connected SPDs intended for in¬ 
stallation between the secondary of the service transformer 
and the line side of the service disconnect overcurrent 
device. 

Type 2: Permanently connected SPDs intended for in¬ 
stallation on the load side of the service disconnect over¬ 
current device, including SPDs located at the branch panel. 

Type 3: Point of utilization SPDs. 

Type 4: Component SPDs, including discrete compo¬ 
nents, as well as assemblies. 


Informational 
Type 2, Type 
for Surge 



For further information on Type 1, 
Type 4 SPDs, see UL 1449, Standard 



Switch, Bypass Isolation. A manually operated device 
used in conjunction with a transfer switch to provide a 
means of directly connecting load conductors to a power 
source and of disconnecting the transfer switch. 

Switch, General-Use. A switch intended for use in general 
ihution and branch circuits. It is rated in amperes, and 
it 13 capable of interrupting its rated current at its rated 
ge- 



Special Permission. The written consent of the authority 
having jurisdiction. 


jYvitch, General-Use Snap. A form of general-use switch 
structed so that it can be installed in device boxes or on 
ox covers, or otherwise used in conjunction with wiring 
systems recognized by this Code. 

Switch, Isolating. A switch intended for isolating an elec¬ 
trical circuit from the source of power. It has no interrupt¬ 
ing rating, and it is intended to be operated only after the 
circuit has been opened by some other means. 

Switch, Motor-Circuit. A switch rated in horsepower that 
is capable of interrupting the maximum operating overload 
current of a motor of the same horsepower rating as the 
switch at the rated voltage. 


Structure. That which is built or constructed. 

Substation. An enclosed assemblage of equipment (e.g., 
switches, interrupting devices, circuit breakers, buses, and 
transformers) under the control of qualified persons, 
through which electric energy is passed for the purpose of 
distribution, switching, or modifying its characteristics. 
[ROP 4-10, ROP 9-8a] 

Surge Arrester. A protective device for limiting surge volt¬ 
ages by discharging or bypassing surge current; it also pre¬ 
vents continued flow of follow current while remaining ca¬ 
pable of repeating these functions. 


Switch, Transfer. An automatic or nonautomatic device for 
transferring one or more load conductor connections from 
one power source to another. 

Switchboard. A large single panel, frame, or assembly of 
panels on which are mounted on the face, back, or both, 
switches, overcurrent and other protective devices, buses, 
and usually instruments. Switchboards are generally acces¬ 
sible from the rear as well as from the front and are not 
intended to be installed in cabinets. 

Switchgear. An assembly completely enclosed on all sides 
and top with sheet metal (except for ventilating openings 
and inspection windows) and containing primary power cir- 


70-34 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 100 —DEFINITIONS 


CHAPTER 1 


cuit switching, interrupting devices, or both, with buses and 
connections. The assembly may include control and auxil¬ 
iary devices. Access to the interior of the enclosure is pro¬ 
vided by doors, removable covers, or both. 

Informational Note: All switchgear subject to NEC re¬ 
quirements is metal enclosed. Switchgear rated below 600 
(or 1000) volts may be identified as “Low-Voltage Power 
Circuit Breaker Switchgear”. Switchgear rated over 1000 
volts may be identified as “Metal-Enclosed Switchgear” or 
“Metal-Clad Switchgear”. Switchgear is available in non¬ 
arc-resistant or arc-resistant constructions. [ROP 9-7] 


Voltage, Nominal. A nominal value assigned to a circuit or 
system for the purpose of conveniently designating its volt¬ 
age class (e.g., 120/240 volts, 480Y/277 volts, 600 volts). 

Informational Note No. 1: The actual voltage at which a 
circuit operates can vary from the nominal within a range 
that permits satisfactory operation of equipment. [ROP 
1 - 68 ] 

Informational Note No. 2: See ANSI C84.1-2006, Voltage 
Ratings for Electric Power Systems and Equipment (60 
Hz). [ROP 1-68] 


Thermal Protector (as applied to motors). A protective 
device for assembly as an integral part of a motor or motor- 
compressor that, when properly applied, protects the motor 
against dangerous overheating due to overload and failure 
to start. 

Informational Note: The thermal protector may consist of 
one or more sensing elements integral with the motor or 
motor-compressor and an external control device. 

Thermally Protected (as applied to motors). The words 
Thermally Protected appearing on the nameplate of a motor 
or motor-compressor indicate that the motor is provided 
with a thermal protector. 

Ungrounded. Not connected to ground or to a conej 
body that extends the ground connection. 

Uninterruptible Power Supply. A power supp ly use! 
provide alternating current power to a load for some i 
of time in the event of a power failure 

Informational Note: In addition, it may provide a more 
constant voltage and frequency supply to the loan, 
the effects of voltage and frequency variatiSBS. 


Utility-Interactive Inve: 

in parallel with an electric 
that may deliver power to 


intended for use 
alV common loads 


Utilization Equipment. Equqjjj&n^^Rt utilizes electric 
energy for electronic, electromechtwral, chemical, heating, 
lighting, or similar purposes. 

Ventilated. Provided with a means to permit circulation of 
air sufficient to remove an excess of heat, fumes, or vapors. 

Volatile Flammable Liquid. A flammable liquid having a 
flash point below 38°C (100°F), or a flammable liquid 
whose temperature is above its flash point, or a Class II 
combustible liquid that has a vapor pressure not exceeding 
276 kPa (40 psia) at 38°C (100°F) and whose temperature 
is above its flash point. 


Voltage to Ground. For grounded circuits, the voltage be¬ 
tween the given conductor and that point or conductor of 
the circuit that is grounded; for ungrounded circuits, the 
greatest voltage between the given conductor and any other 
conductor of the circuit. 

Watertight. Constructed so that moisture will not enter the 
enclosure under specified test conditions. 



therprool 

e weather wi 


instructed or protected so that exposure 
at interfere with successful operation. 


Inforriiational Note: Rainproof, raintight, or watertight 
equipment can fulfill the requirements for weatherproof 
ere varying weather conditions other than wetness, such 
:now, ice, dust, or temperature extremes, are not a factor. 


er 600 Volts, Nominal 

Part II contains definitions applicable only to the articles 
and parts of articles specifically covering installations and 
equipment operating at over 600 volts, nominal. [ROP 
1-72] 

The definitions in Part I are intended to apply wherever 
the terms are used throughout this Code. The definitions in 
Part II are applicable only to articles and parts of the ar¬ 
ticles specifically covering installations and equipment op¬ 
erating at over 600 volts, nominal. [ROP 1-72] 

Electronically Actuated Fuse. An overcurrent protective 
device that generally consists of a control module that pro¬ 
vides current sensing, electronically derived time-current 
characteristics, energy to initiate tripping, and an interrupt¬ 
ing module that interrupts current when an overcurrent oc¬ 
curs. Electronically actuated fuses may or may not operate 
in a current-limiting fashion, depending on the type of con¬ 
trol selected. 

Fuse. An overcurrent protective device with a circuit¬ 
opening fusible part that is heated and severed by the pas¬ 
sage of overcurrent through it. 


Voltage (of a circuit). The greatest root-mean-square (rms) 
(effective) difference of potential between any two conduc¬ 
tors of the circuit concerned. 

Informational Note: Some systems, such as 3-phase 
4-wire, single-phase 3-wire, and 3-wire direct current, may 
have various circuits of various voltages. 


Informational Note: A fuse comprises all the parts that 
form a unit capable of performing the prescribed functions. 

It may or may not be the complete device necessary to 
connect it into an electrical circuit. 

Controlled Vented Power Fuse. A fuse with provision for 
controlling discharge circuit interruption such that no solid 
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material may be exhausted into the surrounding atmo¬ 
sphere. 

Informational Note: The fuse is designed so that dis¬ 
charged gases will not ignite or damage insulation in the 
path of the discharge or propagate a flashover to or between 
grounded members or conduction members in the path of 
the discharge where the distance between the vent and such 
insulation or conduction members conforms to manufactur¬ 
er’s recommendations. 

Expulsion Fuse Unit (Expulsion Fuse). A vented fuse unit 
in which the expulsion effect of gases produced by the arc 
and lining of the fuseholder, either alone or aided by a 
spring, extinguishes the arc. 

Nonvented Power Fuse. A fuse without intentional provi¬ 
sion for the escape of arc gases, liquids, or solid particles to 
the atmosphere during circuit interruption. 

Power Fuse Unit. A vented, nonvented, or controlled 
vented fuse unit in which the arc is extinguished by being 
drawn through solid material, granular material, or liquid, 
either alone or aided by a spring. 

Vented Power Fuse. A fuse with provision for the escape 
of arc gases, liquids, or solid particles to the surrounding 
atmosphere during circuit interruption. 

Multiple Fuse. An assembly of two or more single-pole 
fuses. 

Switching Device. A device designed to close, open,,or 
both, one or more electrical circuits. 

Circuit Breaker. A switching device capable of making, 
carrying, and interrupting currents under normal circuit 
conditions, and also of making, carrying for a specified 
time, and interrupting currents under specified al^tmal 
circuit conditions, such as those^u short circuit. 

Cutout. An assembly of a fuse support with eitftr a fuse- 
holder, fuse carrier, or disconnecting blade. The fuseholder 
or fuse carrier may include a conducting element (fuse link) 
or may act as the disconnecting blade by the inclusion of a 
nonfusible member. 

Disconnecting Means. A device, group of devices, or 
other means whereby the conductors of a circuit can be 
disconnected from their source of supply. 

Disconnecting (or Isolating) Switch (Disconnector, Isola¬ 
tor). A mechanical switching device used for isolating a 
circuit or equipment from a source of power. 

Interrupter Switch. A switch capable of making, carrying, 
and interrupting specified currents. 

Oil Cutout (Oil-Filled Cutout). A cutout in which all or 
part of the fuse support and its fuse link or disconnecting 
blade is mounted in oil with complete immersion of the 
contacts and the fusible portion of the conducting element 
(fuse link) so that arc interruption by severing of the fuse 
link or by opening of the contacts will occur under oil. 


Oil Switch. A switch having contacts that operate under oil 
(or askarel or other suitable liquid). 

Regulator Bypass Switch. A specific device or combina¬ 
tion of devices designed to bypass a regulator. 


ARTICLE 110 

Requirements for Electrical Installations 


I. General 

110.1 Scope. This article covers general requirements for 
the examination and approval, installation and use, access 
to and spaces about electrical conductors and equipment; 
enclosures intended for personnel entry; and tunnel instal¬ 
lations. 

Informational Note: See Informative Annex J for informa- 
tieijAegarding ADA accessibility design. [ROP l-191a] 


110.3 Examination, Identification, Installation, and Use 

of Equipment. 

(A) Examination. In judging equipment, considerations 

such as the following shall be evaluated: 

(1) Suitability for installation and use in conformity with 
the provisions of this Code 

Informational Note: Suitability of equipment use may be 
identified by a description marked on or provided with a 
product to identify the suitability of the product for a spe¬ 
cific purpose, environment, or application. Special condi¬ 
tions of use or other limitations and other pertinent infor¬ 
mation may be marked on the equipment, included in the 
product instructions, or included in the appropriate listing 
and labeling information. Suitability of equipment may be 
evidenced by listing or labeling. 

(2) Mechanical strength and durability, including, for parts 
designed to enclose and protect other equipment, the 
adequacy of the protection thus provided 

(3) Wire-bending and connection space 

(4) Electrical insulation 

(5) Heating effects under normal conditions of use and also 
under abnormal conditions likely to arise in service 

(6) Arcing effects 



. The conductors and equipment required 
this Code shall be acceptable only if ap- 


al Note: See 90.7, Examination of Equipment 
Safety, and 110.3, Examination, Identification, Installa- 
and Use of Equipment. See definitions of Approved, 
Identified, Labeled, and Listed. 
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(7) Classification by type, size, voltage, current capacity, 
and specific use 

(8) Other factors that contribute to the practical safeguard¬ 
ing of persons using or likely to come in contact with 
the equipment 

(B) Installation and Use. Listed or labeled equipment 
shall be installed and used in accordance with any instruc¬ 
tions included in the listing or labeling. 

110.4 Voltages. Throughout this Code , the voltage consid¬ 
ered shall be that at which the circuit operates. The voltage 
rating of electrical equipment shall not be less than the 
nominal voltage of a circuit to which it is connected. 


of the circuit. This fault shall be assumed to be either be¬ 
tween two or more of the circuit conductors or between any 
circuit conductor and the equipment grounding conduc- 
tor(s) permitted in 250.118. Listed equipment applied in 
accordance with their listing shall be considered to meet the 
requirements of this section. 

110.11 Deteriorating Agents. Unless identified for use in 
the operating environment, no conductors or equipment 
shall be located in damp or wet locations; where exposed to 
gases, fumes, vapors, liquids, or other agents that have a 
deteriorating effect on the conductors or equipment; or 
where exposed to excessive temperatures. 

Informational Note No. 1: See 300.6 for protection against 

corrosion. 


110.5 Conductors. Conductors normally used to carry cur¬ 
rent shall be of copper unless otherwise provided in this 
Code. Where the conductor material is not specified, the 
material and the sizes given in this Code shall apply to 
copper conductors. Where other materials are used, the size 
shall be changed accordingly. 

Informational Note: For aluminum and copper-clad alumi¬ 
num conductors, see 310.15. 

110.6 Conductor Sizes. Conductor sizes are expre; 
American Wire Gage (AWG) or in circular mils. 

110.7 Wiring Integrity. Completed wiring installati 
shall be free from short circuits, ground E^lts, or any col 
nections to ground other than as required or permitted 
where in this Code. 


110.8 Wiring Methods. O 

as suitable are included 
ods of wiring shall be pi 
of building or occupancy, 
this Code. 




recognized 
eco'gnized meda¬ 
lled in any type 
ise provided in 


110.9 Interrupting Rating. Equipment intended to inter¬ 
rupt current at fault levels shall have an interrupting rating 
sufficient for the nominal circuit voltage and the current 
that is available at the line terminals of the equipment. 

[ROP l-85a] 

Equipment intended to interrupt current at other than 
fault levels shall have an interrupting rating at nominal 
circuit voltage sufficient for the current that must be inter¬ 
rupted. [ROP l-85a] 

110.10 Circuit Impedance, Short-Circuit Current Rat¬ 
ings, and Other Characteristics. The overcurrent protec¬ 
tive devices, the total impedance, the equipment short- 
circuit current ratings, and other characteristics of the 
circuit to be protected shall be selected and coordinated to 
permit the circuit protective devices used to clear a fault to 
do so without extensive damage to the electrical equipment 


Information,!! Note No. 2: Some cleaning and lubricating 
compound^can cause severe deterioration of many plastic 
materials used for insulating and structural applications in 
equipment"^ 

quipment not identified for outdoor use and equipment 
entified only for mdoor use, such as “dry locations,” “in- 
tonly,” “damp locations,” or enclosure Types 1, 2, 
12K, and/or 13, shall be protected against damage 
the weather during construction. 

ational Note No. 3: See Table 110.29 for appropriate 
;ure-type designations. 

.12 Mechanical Execution of Work. Electrical equip¬ 
ment shall be installed in a neat and workmanlike manner. 

Informational Note: Accepted industry practices are de¬ 
scribed in ANSI/NECA 1-2010, Standard Practice of Good 
Workmanship in Electrical Construction, and other ANSI- 
approved installation standards. [ROP 1-90] 

(A) Unused Openings. Unused openings, other than those 
intended for the operation of equipment, those intended for 
mounting purposes, or those permitted as part of the design 
for listed equipment, shall be closed to afford protection 
substantially equivalent to the wall of the equipment. 
Where metallic plugs or plates are used with nonmetallic 
enclosures, they shall be recessed at least 6 mm ('A in.) 
from the outer surface of the enclosure. 

(B) Integrity of Electrical Equipment and Connections. 

Internal parts of electrical equipment, including busbars, 
wiring terminals, insulators, and other surfaces, shall not be 
damaged or contaminated by foreign materials such as 
paint, plaster, cleaners, abrasives, or corrosive residues. 
There shall be no damaged parts that may adversely affect 
safe operation or mechanical strength of the equipment 
such as parts that are broken; bent; cut; or deteriorated by 
corrosion, chemical action, or overheating. 

110.13 Mounting and Cooling of Equipment. 

(A) Mounting. Electrical equipment shall be firmly se¬ 
cured to the surface on which it is mounted. Wooden plugs 
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driven into holes in masonry, concrete, plaster, or similar 
materials shall not be used. 

(B) Cooling. Electrical equipment that depends on the 
natural circulation of air and convection principles for cool¬ 
ing of exposed surfaces shall be installed so that room 
airflow over such surfaces is not prevented by walls or by 
adjacent installed equipment. For equipment designed for 
floor mounting, clearance between top surfaces and adja¬ 
cent surfaces shall be provided to dissipate rising warm air. 

Electrical equipment provided with ventilating open¬ 
ings shall be installed so that walls or other obstructions do 
not prevent the free circulation of air through the equip¬ 
ment. 


110.14 Electrical Connections. Because of different char¬ 
acteristics of dissimilar metals, devices such as pressure 
terminal or pressure splicing connectors and soldering lugs 
shall be identified for the material of the conductor and 
shall be properly installed and used. Conductors of dissimi¬ 
lar metals shall not be intermixed in a terminal or splicing 
connector where physical contact occurs between dissimilar 
conductors (such as copper and aluminum, copper and 
copper-clad aluminum, or aluminum and copper-clad alu¬ 
minum), unless the device is identified for the purpose am 
conditions of use. Materials such as solder, fluxes, inhibi 
tors, and compounds, where employed, shall be suitable for 
the use and shall be of a type that will not adversely allect 
the conductors, installation, or equipment. 

Connectors and terminals for conductorsmor 
stranded than Class B and Class C strand indite s 
Chapter 9, Table 10, shall be identjfjg^for the icific 
conductor class or classes. 

Informational Note: Many ter min ations and equipment ah 
either marked with tightening towiu&or are identified as to 
tightening torque in the installation il^tructions provided. 

[ROP 1-93] 


(A) Terminals. Connection of conductorsTo terminal parts 
shall ensure a thoroughly good connection without damag¬ 
ing the conductors and shall be made by means of pressure 
connectors (including set-screw type), solder lugs, or 
splices to flexible leads. Connection by means of wire¬ 
binding screws or studs and nuts that have upturned lugs or 
the equivalent shall be permitted for 10 AWG or smaller 
conductors. 

Terminals for more than one conductor and terminals 
used to connect aluminum shall be so identified. 


tors shall be covered with an insulation equivalent to that of 
the conductors or with an identified insulating device. 

[ROP 1-96] 

Wire connectors or splicing means installed on conduc¬ 
tors for direct burial shall be listed for such use. 

(C) Temperature Limitations. The temperature rating as¬ 
sociated with the ampacity of a conductor shall be selected 
and coordinated so as not to exceed the lowest temperature 
rating of any connected termination, conductor, or device. 
Conductors with temperature ratings higher than specified 
for terminations shall be permitted to be used for ampacity 
adjustment, correction, or both. 

(1) Equipment Provisions. The determination of termina¬ 
tion provisions of equipment shall be based on 
(l)(b). Unless the equipment is listed 
conductor ampacities used in deter- 
lination provisions shall be based on 
^as appropriately modified by 
7). Table 40sB^)(l) ampacities shall be used 
Ble cords and cable s. [ROP 1-98] 


110.14(C)(1)(a) < 
and marked otherwise, 
mining equipment te 
Table 3J£7B(B)(n 
310.15C 
for 




ation provisions of equipment for circuits 
peres or less, or marked for 14 AWG through 
rictors, shall be used only for one of the fol- 


rs rated 60°C (140°F). 

Conductors with higher temperature ratings, provided 
the ampacity of such conductors is determined based 
on the 60°C (140°F) ampacity of the conductor size 
used. 

(3) Conductors with higher temperature ratings if the 
equipment is listed and identified for use with such 
conductors. 

(4) For motors marked with design letters B, C, or D, con¬ 
ductors having an insulation rating of 75°C (167°F) or 
higher shall be permitted to be used, provided the am¬ 
pacity of such conductors does not exceed the 75 °C 
(167°F) ampacity. 

(b) Termination provisions of equipment for circuits 
rated over 100 amperes, or marked for conductors larger 
than 1 AWG, shall be used only for one of the following: 

(1) Conductors rated 75°C (167°F) 

(2) Conductors with higher temperature ratings, provided 
the ampacity of such conductors does not exceed the 
75°C (167°F) ampacity of the conductor size used, or 
up to their ampacity if the equipment is listed and iden¬ 
tified for use with such conductors 


(B) Splices. Conductors shall be spliced or joined with 
splicing devices identified for the use or by brazing, weld¬ 
ing, or soldering with a fusible metal or alloy. Soldered 
splices shall first be spliced or joined so as to be mechani¬ 
cally and electrically secure without solder and then be 
soldered. All splices and joints and the free ends of conduc¬ 


(2) Separate Connector Provisions. Separately installed 
pressure connectors shall be used with conductors at the 
ampacities not exceeding the ampacity at the listed and 
identified temperature rating of the connector. 

Informational Note: With respect to 110.14(C)(1) and 
(C)(2), equipment markings or listing information may ad- 
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ditionally restrict the sizing and temperature ratings of con¬ 
nected conductors. 


Informational Note: For hazardous (classified) locations, 
see Articles 500 through 517. For motors, see 430.14. 


110.15 High-Leg Marking. On a 4-wire, delta-connected 
system where the midpoint of one phase winding is 
grounded, only the conductor or busbar having the higher 
phase voltage to ground shall be durably and permanently 
marked by an outer finish that is orange in color or by other 
effective means. Such identification shall be placed at each 
point on the system where a connection is made if the 
grounded conductor is also present. 

110.16 Arc-Flash Hazard Warning. Electrical equipment, 
such as switchboards, switchgear, panelboards, industrial 
control panels, meter socket enclosures, and motor control 
centers, that are in other than dwelling units, and are likely 
to require examination, adjustment, servicing, or mainte¬ 
nance while energized shall be field or factory marked to 
warn qualified persons of potential electric arc flash haz¬ 
ards. The marking shall meet the requirements in 110.21(B) 
and shall be located so as to be clearly visible to qualified 
persons before examination, adjustment, servicing, or 
maintenance of the equipment. [ROP 9-14a, ROP 1-102, 
ROP 1-105, ROP 1-107] 

Informational Note No. 1: NFPA 70E-2012, Standan 
Electrical Safety in the Workplace , provides guidance si 
as determining severity of potential exposure, planning 
work practices, arc flash labeling and seleatinj|Tgersona 
protective equipment. [ROP 1-109] 

Informational Note No. 2: ANSI Z535.4-\99S>JWroduct 
Safety Signs and Labels, provides guideliires ft 
of safety signs and labels for application to products. 

110.17 Working Space Marking. ' Equipment working 
space required elsewhere in this code sl^ill be field marked 
to indicate the working space required. The marking shall 
be located to be clearly visible and shaflbc permitted to be 
on or adjacent to the equipmentitthrking shall include 
the words: 

CAUTION! AREA IN FRONT OF ELECTRICAL EQUIP¬ 
MENT SHALL BE KEPT CLEAR FOR DEPTH: WIDTH: 
HEIGHT: 

The marking shall also include the dimensions of the 
depth, width, and height required to be kept clear for the 
working space. It shall be permitted to use one marking for 
multiple items of equipment as long as the marking is vis¬ 
ible from the working space for each item of equipment. 
The markings shall meet the requirements of 110.21(B). 
[ROP 1-110] 

110.18 Arcing Parts. Parts of electrical equipment that in 
ordinary operation produce arcs, sparks, flames, or molten 
metal shall be enclosed or separated and isolated from all 
combustible material. 



110.19 Light and Power from Railway Conductors. Cir¬ 
cuits for lighting and power shall not be connected to any 
system that contains trolley wires with a ground return. 

Exception: Such circuit connections shall be permitted in 
car houses, power houses, or passenger and freight stations 
operated in connection with electric railways. 

110.21 Marking. 

(A) Manufacturer Markings. The manufacturer’s name, 
trademark, or other descriptive marking by which the orga¬ 
nization responsible for the product can be identified shall 
be placed on all electrical equipment. Other markings that 
indicate tillage, current, wattage, or other ratings shall be 
provided as specified elsewhere in this Code. The marking 
or label shalll^tof sufficient durability to withstand the 
eSviAonment involved. [ROP 1-114] 

-Applied Markings. Where caution, warning, or 
Tigris or labels are required by this Code , the labels 
meet the following requirements. [ROP 1-114] 

following colors shall be used for the hazard la- 

[ROP 1-114] 

DANGER Label: Black text, with white and red 
background [ROP 1-114] 

b. WARNING Label: Black text with white and orange 
background [ROP 1-114] 

c. CAUTION Label: Black text with yellow and white 
background [ROP 1-114] 

(2) The label shall be permanently affixed to the equipment 
or wiring method and shall not be hand written. [ROP 
1-114] 

(3) The label shall be suitable for the environment where it 
is installed. [ROP 1-114] 

Informational Note: ANSI Z535.4-2011, Product Safety 
Signs and Labels, provides guidelines for the design and 
durability of safety signs and labels for application to elec¬ 
trical equipment. This standard provides more specific in¬ 
formation related to suitable font sizes, colors, various sym¬ 
bols and location requirements for labels. [ROP 1-114] 

110.22 Identification of Disconnecting Means. 

(A) General. Each disconnecting means shall be legibly 
marked to indicate its purpose unless located and arranged 
so the purpose is evident. The marking shall be of sufficient 
durability to withstand the environment involved. 

(B) Engineered Series Combination Systems. Equipment 
enclosures for circuit breakers or fuses applied in compli¬ 
ance with series combination ratings selected under engi¬ 
neering supervision in accordance with 240.86(A) shall be 
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legibly marked in the field as directed by the engineer to 
indicate the equipment has been applied with a series com¬ 
bination rating. The marking shall meet the requirements in 
110.21(B) and shall be readily visible and state the follow¬ 
ing: [ROP 1-117] 


110.25 Lockable Disconnecting Means. Where a discon¬ 
necting means is required to be lockable open, elsewhere in 
this Code , it shall be capable of being locked in the open 
position. The provisions for locking shall remain in place 
with or without the lock installed. [ROP 1-130] 


CAUTION — ENGINEERED SERIES COMBINA¬ 
TION SYSTEM RATED _ AMPERES. IDENTI¬ 

FIED REPLACEMENT COMPONENTS REQUIRED. 

(C) Tested Series Combination Systems. Equipment en¬ 
closures for circuit breakers or fuses applied in compliance 
with the series combination ratings marked on the equip¬ 
ment by the manufacturer in accordance with 240.86(B) 
shall be legibly marked in the field to indicate the equip¬ 
ment has been applied with a series combination rating. 
The marking shall meet the requirements in 110.21(B) and 
shall be readily visible and state the following: [ROP 
1-117] 

CAUTION — SERIES COMBINATION SYSTEM 

RATED_AMPERES. IDENTIFIED REPLACEMENT 

COMPONENTS REQUIRED. 


110.23 Current Transformers. Unused current transform¬ 
ers associated with potentially energized circuits shall b 
short-circuited. 


110.24 Available Fault Current. 

(A) Field Marking. Service equipment 
dwelling units shall be legibly marked in tl 
maximum available fault current. The field 
include the date the fault current calculatio 
and be of sufficient durability to withstand 
involved. 


Informational Note: Arc flash hazaftFanalysis information 
is available in NFPA 70E-2012, fn^Electrical 

Safety in the Workplace. Maximum available fault current 
at the service is intended for application to the interrupting 
ratings of equipment and not for arc flash hazard analysis. 
[ROP 1-121] 

(B) Modifications. When modifications to the electrical 
installation occur that affect the maximum available fault 
current at the service, the maximum available fault current 
shall be verified or recalculated as necessary to ensure the 
service equipment ratings are sufficient for the maximum 
available fault current at the line terminals of the equip¬ 
ment. The required field marking(s) in 110.24(A) shall be 
adjusted to reflect the new level of maximum available 
fault current. 

Exception: The field marking requirements in 110.24(A) 
and 110.24(B) shall not be required in industrial installa¬ 
tions where conditions of maintenance and supervision en¬ 
sure that only qualified persons sendee the equipment. 


110.26 Ground-Fault and Arc-Fault Circuit Interrupter 
Receptacles. Ground-fault circuit-interrupter receptacles 
and outlet branch circuit type arc-fault circuit-interrupter 
receptacles shall be installed in a readily accessible loca¬ 
tion. [ROP 1-131] 

Informational Note: Locating GFCI and outlet branch cir¬ 
cuit type AFCI receptacles in a readily accessible location 
will facilitate the periodic testing required by the product 
instructions. [ROP 1-131] 


II. 600 Volts 


or Less 




110.27 Spades About Electrical Equipment. Access and 
working space shall be provided and maintained about all 
electrical equipment to permit ready and safe operation and 
maintenance of such equipment. 

(A) Working Space. Working space for equipment operat- 
at 600 volts, nominal, or less to ground and likely to 
ammation, adjustment, servicing, or maintenance 
zed shall comply with the dimensions of 
.27(A)(1), (A)(2), and (A)(3) or as required or permitted 
ewhere in this Code. 


Depth of Working Space. The depth of the working 
space in the direction of live parts shall not be less than that 
specified in Table 110.27(A)(1) unless the requirements of 
110.27(A)(1)(a), (A)(1)(b), or (A)(1)(c) are met. Distances 
shall be measured from the exposed live parts or from the 
enclosure or opening if the live parts are enclosed. 

Table 110.27(A)(1) Working Spaces 


Nominal 
Voltage to 
Ground 

Minimum Clear Distance 

Condition 1 

Condition 2 

Condition 3 

0-150 

151-600 

914 mm (3 ft) 
914 mm (3 ft) 

914 mm (3 ft) 
1.07 m (3 ft 

6 in.) 

914 mm (3 ft) 
1.22 m (4 ft) 

Note: Where the conditions are as 

follows: 



Condition 1 — Exposed live parts on one side of the working space 
and no live or grounded parts on the other side of the working space, 
or exposed live parts on both sides of the working space that are 
effectively guarded by insulating materials. 

Condition 2 — Exposed live parts on one side of the working space 
and grounded parts on the other side of the working space. Concrete, 
brick, or tile walls shall be considered as grounded. 

Condition 3 — Exposed live parts on both sides of the working 
space. 
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(a) Dead-Front Assemblies. Working space shall not be 
required in the back or sides of assemblies, such as dead- 
front switchboards, switchgear, or motor control centers, 
where all connections and all renewable or adjustable parts, 
such as fuses or switches, are accessible from locations 
other than the back or sides. Where rear access is required 
to work on nonelectrical parts on the back of enclosed 
equipment, a minimum horizontal working space of 
762 mm (30 in.) shall be provided. [ROP 9-14b] 

(b) Low Voltage. By special permission, smaller work¬ 
ing spaces shall be permitted where all exposed live parts 
operate at not greater than 30 volts rms, 42 volts peak, or 
60 volts dc. 

(c) Existing Buildings. In existing buildings where 
electrical equipment is being replaced, Condition 2 working 
clearance shall be permitted between dead-front switch¬ 
boards, switchgear, panelboards, or motor control centers 
located across the aisle from each other where conditions of 
maintenance and supervision ensure that written procedures 
have been adopted to prohibit equipment on both sides of 
the aisle from being open at the same time and qualified 
persons who are authorized will service the installation. 
[ROP 9-14b] 

(2) Width of Working Space. The width of the 
space in front of the electrical equipment shall be the 
of the equipment or 762 mm (30 in.), whichever is 
In all cases, the work space shall permit at least a 90 de 
opening of equipment doors or hinged panels. 

(3) Height of Working Space. Tb 

clear and extend from the grade, floi 
height of 2.0 m ( 6 V 2 ft) or the height 
whichever is greater. Within the height requirements of this 
section, other equipment that is associated with the electri¬ 
cal installation and is looted above or below the electrical 
equipment shall be permitted'to extend not more than 
150 mm (6 in.) beyond the front to the electrical equip¬ 
ment. 

Exception No. 1: In existing dwelling units, service equip¬ 
ment or panelboards that do not exceed 200 amperes shall 
be permitted in spaces where the height of the working 
space is less than 2.0 m ( 6 V 2 ft). 

Exception No. 2: Meters that are installed in meter sock¬ 
ets shall be permitted to extend beyond the other equip¬ 
ment. The meter socket shall be required to follow the rules 
of this section. 

(B) Clear Spaces. Working space required by this section 
shall not be used for storage. When normally enclosed live 
parts are exposed for inspection or servicing, the working 
space, if in a passageway or general open space, shall be 
suitably guarded. 

(C) Entrance to and Egress from Working Space. 




(1) Minimum Required. At least one entrance of suffi¬ 
cient area shall be provided to give access to and egress 
from working space about electrical equipment. 

(2) Large Equipment. For equipment rated 1200 amperes 
or more and over 1.8 m (6 ft) wide that contains overcur¬ 
rent devices, switching devices, or control devices, there 
shall be one entrance to and egress from the required work¬ 
ing space not less than 610 mm (24 in.) wide and 2.0 m 
( 6 V 2 ft) high at each end of the working space. 

A single entrance to and egress from the required work¬ 
ing space shall be permitted where either of the conditions 
in 1 10.27(C)(2)(a) or (C)(2)(b) is met. 

(a) Unobstructed Egress. Where the location permits a 
continuous and unobstructed way of egress travel, a single 
entrance to the working space shall be permitted. 

(b) Extra Working Space. Where the depth of the 
working spaces twice that required by 110.27(A)(1), a 
singlEntrance shall be permitted. It shall be located such 

he distance from the equipment to the nearest edge of 
e entrance is nor less than the minimum clear distance 
specified in Table 110.27(A)(1) for equipment operating at 
ltage and in that condition. 

sonnel Doors. Where equipment rated 800 A or 
contains overcurrent devices, switching devices, 
trol devices is installed and there is a personnel 
dooFls) intended for entrance to and egress from the work¬ 
ing space less than 7.6 m (25 ft) from the nearest edge of 
the working space, the door(s) shall open in the direction of 
egress and be equipped with listed panic hardware. [ROP 
l-143a, ROP 1-145] 

(D) Illumination. Illumination shall be provided for all 
working spaces about service equipment, switchboards, 
switchgear, panelboards, or motor control centers installed 
indoors and shall not be controlled by automatic means 
only. Additional lighting outlets shall not be required where 
the work space is illuminated by an adjacent light source or 
as permitted by 210.70(A)(1), Exception No. 1, for 
switched receptacles. [ROP 9-14] 

(E) Dedicated Equipment Space. All switchboards, 
switchgear, panelboards, and motor control centers shall be 
located in dedicated spaces and protected from damage. 

[ROP 9-14d] 

Exception: Control equipment that by its very nature or 
because of other rules of the Code must be adjacent to or 
within sight of its operating machinery shall be permitted 
in those locations. 

(1) Indoor. Indoor installations shall comply with 
110.27(E)(1)(a) through (E)(1)(d). 

(a) Dedicated Electrical Space. The space equal to the 
width and depth of the equipment and extending from the 
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floor to a height of 1.8 m (6 ft) above the equipment or to 
the structural ceiling, whichever is lower, shall be dedicated 
to the electrical installation. No piping, ducts, leak protec¬ 
tion apparatus, or other equipment foreign to the electrical 
installation shall be located in this zone. 

Exception: Suspended ceilings with removable panels shall 
be permitted within the 1.8-m (6-ft) zone. 

(b) Foreign Systems. The area above the dedicated 
space required by 110.27(E)(1)(a) shall be permitted to 
contain foreign systems, provided protection is installed to 
avoid damage to the electrical equipment from condensa¬ 
tion, leaks, or breaks in such foreign systems. 

(c) Sprinkler Protection. Sprinkler protection shall be 
permitted for the dedicated space where the piping com¬ 
plies with this section. 

(d) Suspended Ceilings. A dropped, suspended, or 
similar ceiling that does not add strength to the building 
structure shall not be considered a structural ceiling. 

(2) Outdoor. Outdoor installations shall comply with 
110.26(E)(2)(a) and (b). [ROP 1-155] 

(a) Installation Requirements. Outdoor electrical 
equipment shall be installed in suitable enclosures and shall 
be protected from accidental contact by unauthorized per¬ 
sonnel, or by vehicular traffic, or by accidental spillage or 
leakage from piping systems. The working clearance space 
shall include the zone described in 110.27(A). No architec¬ 
tural appurtenance or other equipment shalLbe/locatei in 
this zone. [ROP 1-155] 

(b) Dedicated Equipment Space. The s’ 
the width and depth of the equipment and extending from 
grade to a height of 1.8 m (6 ft) above the equm merit. shall 
be dedicated to the electrical installation. No piping^or 
other equipment foreign to the electrical installation shall 
be located in this zone. [ROP 1- 

(F) Locked Electrical Equipment Rooms or Enclosures. 

Electrical equipment rooms or enclosures [rousing electrical 
apparatus that are controlled by a lock(s) shall be consid¬ 
ered accessible to qualified persons. 


so that persons are not likely to come into accidental 
contact with the live parts or to bring conducting ob¬ 
jects into contact with them. 

(3) By location on a suitable balcony, gallery, or platform 
elevated and arranged so as to exclude unqualified per¬ 
sons. 

(4) By elevation of 2.5 m (8 ft) or more above the floor or 
other working surface. 

(B) Prevent Physical Damage. In locations where electri¬ 
cal equipment is likely to be exposed to physical damage, 
enclosures or guards shall be so arranged and of such 
strength as to prevent such damage. 

(C) Warning Signs. Entrances to rooms and other guarded 
locations that contain exposed live parts shall be marked 
with conspicuous warning signs forbidding unqualified per¬ 
sons to enter. The marking shall meet the requirements in 
110.21(B). fROP 14 



tional Note: Fo? 
ver 60Qkyolts, see 11C 


tors, see 430.232 and 430.233. 
34. 


losure Types. Enclosures (other than surround- 
or walls) of switchboards, switchgear, panel- 
istrial control panels, motor control centers, 
jts, enclosed switches, transfer switches, power 
cuit breakers, adjustable-speed drive systems, 
pullout switches, portable power distribution equipment, 
rm ination boxes, general-purpose transformers, fire pump 
rtrollers, fire pump motors, and motor controllers, rated 
not over 600 volts nominal and intended for such locations, 
shall be marked with an enclosure-type number as shown in 
Table 110.29. [ROP 9-14e] 

Table 110.29 shall be used for selecting these enclo¬ 
sures for use in specific locations other than hazardous 
(classified) locations. The enclosures are not intended to 
protect against conditions such as condensation, icing, cor¬ 
rosion, or contamination that may occur within the enclo¬ 
sure or enter via the conduit or unsealed openings. 


110.28 Guarding of Live Parts. 

(A) Live Parts Guarded Against Accidental Contact. 

Except as elsewhere required or permitted by this Code, 
live parts of electrical equipment operating at 50 volts or 
more shall be guarded against accidental contact by ap¬ 
proved enclosures or by any of the following means: 

(1) By location in a room, vault, or similar enclosure that is 
accessible only to qualified persons. 

(2) By suitable permanent, substantial partitions or screens 
arranged so that only qualified persons have access to 
the space within reach of the live parts. Any openings 
in such partitions or screens shall be sized and located 


III. Over 600 Volts, Nominal 

110.30 General. Conductors and equipment used on cir¬ 
cuits over 600 volts, nominal, shall comply with Part I of 
this article and with 110.30 through 110.40, which supple¬ 
ment or modify Part 1. In no case shall the provisions of 
this part apply to equipment on the supply side of the ser¬ 
vice point. 

110.31 Enclosure for Electrical Installations. Electrical 
installations in a vault, room, or closet or in an area sur¬ 
rounded by a wall, screen, or fence, access to which is 
controlled by a lock(s) or other approved means, shall be 
considered to be accessible to qualified persons only. The 
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Table 110.29 Enclosure Selection 


For Outdoor Use 

Provides a Degree of - 

Protection Against the Enclosure-Type Number 

Following Environmental - 

Conditions 3 3R 3S 3X 3RX 3SX 4 4X 6 6P 


Incidental contact with the 
enclosed equipment 

X 

X 

X 

Rain, snow, and sleet 

X 

X 

X 

Sleet* 

— 

— 

X 

Windblown dust 

X 

_ 

X 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X — X XXX X 


Hosedown 
Corrosive agents 
Temporary submersion 
Prolonged submersion 


X 



X 


X 

X 


X 


X 


X 

X 

X 

X 


Provides a Degree of 
Protection Against the 
Following Environmental 
Conditions 


Incidental contact with the 
enclosed equipment 

Falling dirt 

Falling liquids and light 
splashing 

Circulating dust, lint, fibers 
and flyings 

Settling airborne dust, lint 
fibers, and flyings 

Hosedown and splashing 
water 



Fm Indoor Use 
Enclosure -Type Number 


6P 


X 

X 

X 


X 


12 


X 


X X 

X X 


12K 


X 

X 

X 


13 


X 

X 

X 


X 

X 

— 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 





Oil and coolant seepage 

Oil or coolant spraying and 
splashing 

Corrosive agents 

Temporary submersion 

Prolonged submersion 


XXX 
— — X 


X — — X 

— —XX 

— — — X 


♦Mechanism shall be operable when ice covered. 

Informational Note No. 1: The term raintight is typically used in conjunction with Enclosure Types 3, 3S, 3SX, 3X, 4, 4X, 6, and 6P. The term 
rainproof is typically used in conjunction with Enclosure Types 3R, and 3RX. The term watertight is typically used in conjunction with Enclosure 
Types 4. 4X, 6, 6P. The term driptight is typically used in conjunction with Enclosure Types 2, 5, 12, 12K, and 13. The term dusttight is typically 
used in conjunction with Enclosure Types 3, 3S, 3SX, 3X, 5, 12, 12K, and 13. 

Informational Note No. 2: Ingress protection (IP) ratings may be found in ANSI/NEMA 60529, Degrees of Protection Provided by Enclosures. IP 
ratings are not a substitute for Enclosure Type ratings. 
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type of enclosure used in a given case shall be designed and 
constructed according to the nature and degree of the haz¬ 
ard^) associated with the installation. 

For installations other than equipment as described in 
110.31(D), a wall, screen, or fence shall be used to enclose 
an outdoor electrical installation to deter access by persons 
who are not qualified. A fence shall not be less than 2.1m 
(7 ft) in height or a combination of 1.8 m (6 ft) or more of 
fence fabric and a 300-mm (1 -ft) or more extension utiliz¬ 
ing three or more strands of barbed wire or equivalent. The 
distance from the fence to live parts shall be not less than 
given in Table 110.31. 

Table 110.31 Minimum Distance from Fence to Live Parts 


(4) Locks. Doors shall be equipped with locks, and doors 
shall be kept locked, with access allowed only to qualified 
persons. Personnel doors shall swing out and be equipped 
with panic bars, pressure plates, or other devices that are 
normally latched but that open under simple pressure. 

(5) Transformers. Where a transformer is installed in a 
vault as required by Article 450, the vault shall be con¬ 
structed in accordance with the requirements of Part III of 
Article 450. 

Informational Note No. 1: For additional information, see 
ANSI/ASTM E119-2011a, Method for Fire Tests of Build¬ 
ing Construction and Materials, and NFPA 80-2010, Stan¬ 
dard for Fire Doors and Other Opening Protectives. [ROP 
1-163] 


Minimum Distance to Live Parts 

Nominal Voltage 

m 

ft 

601 - 13,799 

3.05 

10 

13,800- 230,000 

4.57 

15 

Over 230,000 

5.49 

18 


Informational 
150 mm (6 in.) 


Note: For clearances of conductors for specific system voltages and 
typical BIL ratings, see ANSI C2-2007, National Electrical Safety 
Code. 


Informational Note: See Article 450 for construction re- 
quirements for transformer vaults. 

(A) Electrical Vaults. Where an electrical 
or specified for conductors and equipment oj 
600 volts, nominal, the following shaJJL-apply. 


(1) Walls and Roof. The wal 

structed of materials that havi 
for the conditions, with a minimi 
For the purpose of this section, st 
struction shall not be permitted. 



bta- 
structufal strength 
3 hours, 
oard con- 



. 2: A typical 3-hour construction is 
reinforced concrete. 



(B) Indoor 

(1) In Plates AccessitfliMo Unqualified Persons. Indoor 
electrical installations thatM^ accessible to unqualified per¬ 
son/shall be made with metal-enclosed equipment. Switch- 
gear, unit substations, transformers, pull boxes, connection 
boxes/ and other similar associated equipment shall be 
arked with appropriate caution signs. Openings in venti- 
Hp^transformers or similar openings in other 
all be designed so that foreign objects inserted 
these openings are deflected from energized parts. 
9—14f] 


In Places Accessible to Qualified Persons Only. Fl¬ 
oor electrical installations considered accessible only to 
qualified persons in accordance with this section shall com¬ 
ply with 110.34, 110.36, and 490.24. 

(C) Outdoor Installations. 

(1) In Places Accessible to Unqualified Persons. Outdoor 
electrical installations that are open to unqualified persons 
shall comply with Parts I, II, and III of Article 225. 


(2) Floors. The floors of vaults in contact with the earth 
shall be of concrete that is not less than 102 mm (4 in.) 
thick, but where the vault is constructed with a vacant 
space or other stories below it, the floor shall have adequate 
structural strength for the load imposed on it and a mini¬ 
mum fire resistance of 3 hours. 


(2) In Places Accessible to Qualified Persons Only. Out¬ 
door electrical installations that have exposed live parts 
shall be accessible to qualified persons only in accordance 
with the first paragraph of this section and shall comply 
with 110.34, 110.36, and 490.24. 


(3) Doors. Each doorway leading into a vault from the 
building interior shall be provided with a tight-fitting door 
that has a minimum fire rating of 3 hours. The authority 
having jurisdiction shall be permitted to require such a door 
for an exterior wall opening where conditions warrant. 

Exception to (1), (2), and (3): Where the vault is pro¬ 
tected with automatic sprinkler, water spray, carbon diox¬ 
ide, or halon, construction with a 1-hour rating shall be 
permitted. 


(D) Enclosed Equipment Accessible to Unqualified Per¬ 
sons. Ventilating or similar openings in equipment shall be 
designed such that foreign objects inserted through these 
openings are deflected from energized parts. Where ex¬ 
posed to physical damage from vehicular traffic, suitable 
guards shall be provided. Nonmetallic or metal-enclosed 
equipment located outdoors and accessible to the general 
public shall be designed such that exposed nuts or bolts 
cannot be readily removed, permitting access to live parts. 
Where nonmetallic or metal-enclosed equipment is acces- 
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sible to the general public and the bottom of the enclosure 
is less than 2.5 m (8 ft) above the floor or grade level, the 
enclosure door or hinged cover shall be kept locked. Doors 
and covers of enclosures used solely as pull boxes, splice 
boxes, or junction boxes shall be locked, bolted, or screwed 
on. Underground box covers that weigh over 45.4 kg (100 
lb) shall be considered as meeting this requirement. 

110.32 Work Space About Equipment. Sufficient space 
shall be provided and maintained about electrical equip¬ 
ment to permit ready and safe operation and maintenance 
of such equipment. Where energized parts are exposed, the 
minimum clear work space shall be not less than 2.0 m ( 6 V 2 
ft) high (measured vertically from the floor or platform) or 
not less than 914 mm (3 ft) wide (measured parallel to the 
equipment). The depth shall be as required in 110.34(A). In 
all cases, the work space shall permit at least a 90 degree 
opening of doors or hinged panels. 

110.33 Entrance to Enclosures and Access to Working 
Space. 

(A) Entrance. At least one entrance to enclosures for elec¬ 
trical installations as described in 110.31 not less than 
610 mm (24 in.) wide and 2.0 m ( 6 V 2 ft) high s’ 
provided to give access to the working space about e’ 
cal equipment. 


(1) Large Equipment. On switchgear 
exceeding 1.8 m (6 ft) in width, there 
at each end of the equipment. A 
required working space shall be permii 
the conditions in 110.33(A)( l)(a) or (A)( 1 )(b) i 
9-14g] 




one entranc 
ce 

either 
met. [ROP 


(a) Unobstructed LT/t.LWhere the location permits a 
continuous and unobstructed way of exit'travel, a single 
entrance to the working space shall be permitted. 

(b) Extra Working Space. VfflpFrc the depth of the 
working space is twice that required by 110.34(A), a single 
entrance shall be permitted. It shall be located so that the 
distance from the equipment to the nearest edge of the 
entrance is not less than the minimum clear distance speci¬ 
fied in Table 110.34(A) for equipment operating at that 
voltage and in that condition. 


(B) Access. Permanent ladders or stairways shall be pro¬ 
vided to give safe access to the working space around elec¬ 
trical equipment installed on platforms, balconies, or mez¬ 
zanine floors or in attic or roof rooms or spaces. 

110.34 Work Space and Guarding. 

(A) Working Space. Except as elsewhere required or per¬ 
mitted in this Code, equipment likely to require examina¬ 
tion, adjustment, servicing, or maintenance while energized 
shall have clear working space in the direction of access to 
live parts of the electrical equipment and shall be not less 
than specified in Table 110.34(A). Distances shall be mea¬ 
sured from the live parts, if such are exposed, or from the 
enclosure front or opening if such are enclosed. 

Exception: Working space shall not be recptired in back of 
equipment such as switchgear or control assemblies where 
there am no renewable or adjustable parts (such as fuses or 
switches) on tliehback and where all connections are acces- 
lefrom locatia^^ther than the back. Where rear access 
ir required to work on nonelectrical parts on the back of 
enclosed equipment, a minimum working space of 762 mm 
'O'WO horizontally shall be provided. [ROP 9-14h] 

0.34(A) Minimum Depth of Clear Working Space at 
Equipment 


ominal Minimum Clear Distance 

Voltage - 

to Ground Condition 1 Condition 2 Condition 3 


601-2500 V 

900 

mm (3 ft) 

1.2 

m 

(4 

ft) 

1.5 

m 

(5 ft) 

2501-9000 V 

1.2 

m 

(4 

ft) 

1.5 

m 

(5 

ft) 

1.8 

m 

(6 ft) 

9001-25,000 V 

1.5 

m 

(5 

ft) 

1.8 

m 

(6 

ft) 

2.8 

m 

(9 ft) 

25,001 V-75 kV 

1.8 

m 

(6 

ft) 

2.5 

m 

(8 

ft) 

3.0 

m 

(10 ft) 

Above 75 kV 

2.5 

m 

(8 

ft) 

3.0 

m 

(10 ft) 

3.7 

m 

(12 ft) 


Note: Where the conditions are as follows: 

Condition 1 — Exposed live parts on one side of the working space 
and no live or grounded parts on the other side of the working space, 
or exposed live parts on both sides of the working space that are 
effectively guarded by insulating materials. 

Condition 2 — Exposed live parts on one side of the working space 
and grounded parts on the other side of the working space. Concrete, 
brick, or tile walls shall be considered as grounded. 

Condition 3 — Exposed live parts on both sides of the working 
space. 


(2) Guarding. Where bare energized parts at any voltage 
or insulated energized parts above 600 volts, nominal, to 
ground are located adjacent to such entrance, they shall be 
suitably guarded. 

(3) Personnel Doors. Where there is a personnel door(s) 
intended for entrance to and egress from the working space 
less than 7.6 m (25 ft) from the nearest edge of the working 
space, the door(s) shall open in the direction of egress and 
be equipped with listed panic hardware. [ROP l-169a] 


(B) Separation from Low-Voltage Equipment. Where 
switches, cutouts, or other equipment operating at 600 
volts, nominal, or less are installed in a vault, room, or 
enclosure where there are exposed live parts or exposed 
wiring operating at over 600 volts, nominal, the high- 
voltage equipment shall be effectively separated from the 
space occupied by the low-voltage equipment by a suitable 
partition, fence, or screen. 

Exception: Switches or other equipment operating at 600 
volts, nominal, or less and serx’ing only equipment within 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-45 








110.36 


ARTICLE 110 — REQUIREMENTS FOR ELECTRICAL INSTALLATIONS 


the high-voltage vault, room, or enclosure shall be permit¬ 
ted to be installed in the high-voltage vault, room, or en¬ 
closure without a partition, fence, or screen if accessible to 
qualified persons only. 

(C) Locked Rooms or Enclosures. The entrance to all 
buildings, vaults, rooms, or enclosures containing exposed 
live parts or exposed conductors operating at over 600 
volts, nominal, shall be kept locked unless such entrances 
are under the observation of a qualified person at all times. 

Where the voltage exceeds 600 volts, nominal, perma¬ 
nent and conspicuous danger signs shall be provided. The 
danger sign shall meet the requirements in 110.21(B) and 
shall read as follows: [ROP 1-175] 

DANGER — HIGH VOLTAGE — KEEP OUT 

(D) Illumination. Illumination shall be provided for all 
working spaces about electrical equipment. The lighting 
outlets shall be arranged so that persons changing lamps or 
making repairs on the lighting system are not endangered 
by live parts or other equipment. 

The points of control shall be located so that persons 
are not likely to come in contact with any live part or 
moving part of the equipment while turning on the lights. 

(E) Elevation of Unguarded Live Parts. Unguarded live 
parts above working space shall be maintained at elevations 
not less than required by Table 110.34(E). 


Table 110.34(E) Elevation of Unguarded Live 
Working Space 


Nominal Voltage 
Between Phases 

601-7500 V 
7501-35,000 V 
Over 35 kV 


2 . 

2.9 

2.9 m + 9.5 mm/k' 
above 35 


6 in. 
in. + 
.37 in./kV 
above 35 


metal-clad cable Type MC, as bare wire, cable, and bus¬ 
bars; or as Type MV cables or conductors as provided in 
300.37, 300.39, 300.40, and 300.50. Bare live conductors 
shall comply with 490.24. [ROP 1-178] 

Insulators, together with their mounting and conductor 
attachments, where used as supports for wires, single¬ 
conductor cables, or busbars, shall be capable of safely 
withstanding the maximum magnetic forces that would pre¬ 
vail if two or more conductors of a circuit were subjected to 
short-circuit current. 

Exposed runs of insulated wires and cables that have a 
bare lead sheath or a braided outer covering shall be sup¬ 
ported in a manner designed to prevent physical damage to 
the braid or sheath. Supports for lead-covered cables shall 
be designed to prevent electrolysis of the sheath. 


110.40 Temper; 

ductors shall Jsi 
90°C (194°: 

Table 310.60(C)(67) 
otherwise identified. 





Limitations at Terminations. Con- 
itted to be terminated based on the 
rating and ampacity as given in 
h Table 310.60(C)(86), unless 


nstallations over 600 Volts, Nominal 
al. 


redUH’he provisions of this part shall apply to the 
installation and use of high-voltage power distribution and 
lization equipment that is portable, mobile, or both, such 
substations, trailers, cars, mobile shovels, draglines, 
sts, drills, dredges, compressors, pumps, conveyors, un- 
erground excavators, and the like. 

(B) Other Articles. The requirements of this part shall be 
additional to, or amendatory of, those prescribed in Articles 
100 through 490 of this Code. 

(C) Protection Against Physical Damage. Conductors 
and cables in tunnels shall be located above the tunnel floor 
and so placed or guarded to protect them from physical 
damage. 


(F) Protection of Service Equipment, Switchgear, and 
Industrial Control Assemblies. Pipes or ducts foreign to 
the electrical installation and requiring periodic mainte¬ 
nance or whose malfunction would endanger the operation 
of the electrical system shall not be located in the vicinity 
of the service equipment, switchgear, or industrial control 
assemblies. Protection shall be provided where necessary to 
avoid damage from condensation leaks and breaks in such 
foreign systems. Piping and other facilities shall not be 
considered foreign if provided for fire protection of the 
electrical installation. [ROP 9—14i] 


110.52 Overcurrent Protection. Motor-operated equip¬ 
ment shall be protected from overcurrent in accordance 
with Parts III, IV, and V of Article 430. Transformers shall 
be protected from overcurrent in accordance with 450.3. 

110.53 Conductors. High-voltage conductors in tunnels 
shall be installed in metal conduit or other metal raceway, 
Type MC cable, or other approved multiconductor cable. 
Multiconductor portable cable shall be permitted to supply 
mobile equipment. 

110.54 Bonding and Equipment Grounding Conduc¬ 
tors. 


110.36 Circuit Conductors. Circuit conductors shall be (A) Grounded and Bonded. All non-current-carrying 

permitted to be installed in raceways; in cable trays; as metal parts of electrical equipment and all metal raceways 
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and cable sheaths shall be solidly grounded and bonded to 
all metal pipes and rails at the portal and at intervals not 
exceeding 300 m (1000 ft) throughout the tunnel. 

(B) Equipment Grounding Conductors. An equipment 
grounding conductor shall be run with circuit conductors 
inside the metal raceway or inside the multiconductor cable 
jacket. The equipment grounding conductor shall be per¬ 
mitted to be insulated or bare. 

110.55 Transformers, Switches, and Electrical Equip¬ 
ment. All transformers, switches, motor controllers, mo¬ 
tors, rectifiers, and other equipment installed belowground 
shall be protected from physical damage by location or 
guarding. 


ating under conditions of maintenance and supervision that 
ensure that only qualified persons monitor and supervise 
the system, they shall be permitted to be designed and in¬ 
stalled in accordance with appropriate engineering prac¬ 
tice. If required by the authority having jurisdiction, design 
documentation shall be provided. 

110.71 Strength. Manholes, vaults, and their means of ac¬ 
cess shall be designed under qualified engineering supervi¬ 
sion and shall withstand all loads likely to be imposed on 
the structures. 

Informational Note: See ANSI C2-2007, National Electri¬ 
cal Safety Code, for additional information on the loading 
that can be expected to bear on underground enclosures. 


110.56 Energized Parts. Bare terminals of transformers, 
switches, motor controllers, and other equipment shall be 
enclosed to prevent accidental contact with energized parts. 

110.57 Ventilation System Controls. Electrical controls 
for the ventilation system shall be arranged so that the 
airflow can be reversed. 

110.58 Disconnecting Means. A switch or circuit b: 
that simultaneously opens all ungrounded conductor: 
circuit shall be installed within sight of each transfer 
motor location for disconnecting the transformer or motor. 
The switch or circuit breaker for a transformer shall have 
an ampere rating not less than the ampacity of the tran: 
former supply conductors. The switch or circuit 
a motor shall comply with the applic, 

Article 430. 


110.59 Enclosures. Enc, 
dripproof, weatherproof, 
environmental conditions, 
shall not be used as junctio 
conductors feeding through or 
unless the enclosures comply with 




tunnels shall be 
required by the 
ctor enclosures 
as raceways for 
to other switches, 


V. Manholes and Other Electrical Enclosures Intended 
for Personnel Entry, All Voltages 

110.70 General. Electrical enclosures intended for person¬ 
nel entry and specifically fabricated for this purpose shall 
be of sufficient size to provide safe work space about elec¬ 
trical equipment with live parts that is likely to require 
examination, adjustment, servicing, or maintenance while 
energized. Such enclosures shall have sufficient size to per¬ 
mit ready installation or withdrawal of the conductors em¬ 
ployed without damage to the conductors or to their insu¬ 
lation. They shall comply with the provisions of this part. 

Exception: Where electrical enclosures covered by Part V 
of this article are part of an industrial wiring system oper¬ 


110.72 Cabling Work Space. A clear work space not less 
than 900 mrtk(3 ft) wide shall be provided where cables are 
located on both sides, and not less than 750 mm (2Vi ft) 
where cables arafeply on one side. The vertical headroom 
be not less^Mi 1.8 m (6 ft) unless the opening is 
[0 mm (1 1^ measured horizontally, of the adja- 
rior side wall of the enclosure. 

tion: A manhole containing only one or more of the 
following shall be permitted to have one of the horizontal 
sflice dimensions reduced to 600 mm (2 ft) where the 
horizontal clear work space is increased so the sum 
of the two dimensions is not less than 1.8 m (6 ft): 


(1) Optical fiber cables as covered in Article 770 

(2) Power-limited fire alarm circuits supplied in accor¬ 
dance with 760.121 

(3) Class 2 or Class 3 remote-control and signaling cir¬ 
cuits, or both, supplied in accordance with 725.121 

110.73 Equipment Work Space. Where electrical equip¬ 
ment with live parts that is likely to require examination, 
adjustment, servicing, or maintenance while energized is 
installed in a manhole, vault, or other enclosure designed 
for personnel access, the work space and associated re¬ 
quirements in 110.27 shall be met for installations operat¬ 
ing at 600 volts or less. Where the installation is over 600 
volts, the work space and associated requirements in 110.34 
shall be met. A manhole access cover that weighs over 45 
kg (100 lb) shall be considered as meeting the requirements 
of 110.34(C). 

110.74 Conductor Installation. Conductors installed in 
manholes and other enclosures intended for personnel entry 
shall be cabled, racked up, or arranged in an approved 
manner that provides ready and safe access for persons to 
enter for installation and maintenance. The installation shall 
comply with 110.74(A) or 110.74(B), as applicable. 
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(A) 600 Volts, Nominal, or Less. Wire bending space for 
conductors operating at 600 volts or less shall be provided 
in accordance with the requirements of 314.28. 

(B) Over 600 Volts, Nominal. Conductors operating at 
over 600 volts shall be provided with bending space in 
accordance with 314.71(A) and (B), as applicable. 

Exception: Where 314.71(B) applies, each row or column 
of ducts on one wall of the enclosure shall be calculated 
individually, and the single row or column that provides the 
maximum distance shall be used. 


(D) Covers. Covers shall be over 45 kg (100 lb) or other¬ 
wise designed to require the use of tools to open. They shall 
be designed or restrained so they cannot fall into the man¬ 
hole or protrude sufficiently to contact electrical conductors 
or equipment within the manhole. 

(E) Marking. Manhole covers shall have an identifying 
mark or logo that prominently indicates their function, such 
as “electric.” 

110.76 Access to Vaults and Tunnels. 


110.75 Access to Manholes. 

(A) Dimensions. Rectangular access openings shall not be 
less than 650 mm x 550 mm (26 in. x 22 in.). Round access 
openings in a manhole shall be not less than 650 mm 
(26 in.) in diameter. 

Exception: A manhole that has a fixed ladder that does not 
obstruct the opening or that contains only one or more of 
the following shall be permitted to reduce the minimum 
cover diameter to 600 mm (2 ft): 


(1) Optical fiber cables as covered in Article 770 

(2) Power-limited fire alarm circuits supplied in accor¬ 
dance with 760.121 

(3) Class 2 or Class 3 remote-control and signaling cir¬ 
cuits, or both, supplied in accordance widtf725. /2fg 

(B) Obstructions. Manhole openings shall %tTree of p 
trusions that could injure personnel or prevent ready egress. 

(C) Location. Manhole openings for personnel Shall be 
located where they are not directly above elccWcal equip¬ 
ment or conductors in the enclosure. Where this is not prac¬ 
ticable, either a protective barrier or a fixed ladder shall be 
provided. 


(A) Location. Access openings for personnel shall be lo¬ 
cated where they are not directly above electrical equip¬ 
ment or conductors in the enclosure. Other openings shall 
be permitted over equipment to facilitate installation, main¬ 
tenance, or rcpla^p^ent of equipment. 

(B) Locks. In addition to compliance with the requirements 
of 110.34, ikfpplicitble,.access openings for personnel shall 
be arran^W such that a person on the inside can exit when 
the access door is locked irom the outside, or in the case of 
normally locking by padlock, the locking arrangement shall 
be such that the padlock can be closed on the locking sys¬ 
tem to prevent locking from the outside. 

Ventilation. Where manholes, tunnels, and vaults 
have communicating openings into enclosed areas used by 
public, ventilation to open air shall be provided wher¬ 
ever practicable. 

1.78 Guarding. Where conductors or equipment, or 
^both, could be contacted by objects falling or being pushed 
through a ventilating grating, both conductors and live parts 
shall be protected in accordance with the requirements of 
110.28(A)(2) or 110.31(B)(1), depending on the voltage. 

110.79 Fixed Ladders. Fixed ladders shall be corrosion 
resistant. 
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Chapter 2 Wiring and Protection 


ARTICLE 200 

Use and Identification of Grounded 
Conductors 


200.1 Scope. This article provides requirements for the 
following: 

(1) Identification of terminals 

(2) Grounded conductors in premises wiring systems 

(3) Identification of grounded conductors 

Informational Note: See Article 100 for definitions of 
Grounded Conductor, Equipment Grounding Conductor, 
and Grounding Electrode Conductor. 

200.2 General. Grounded conductors shall comply with 
200.2(A) and (B). 

(A) Insulation. The grounded conductor, if insulated, shall 
have insulation that is (1) suitable, other than color, 
ungrounded conductor of the same circuit for systi 
1000 volts or less, or impedance grounded neutral sy: 
of over 1000 volts, or (2) rated not less than 600 volts 
solidly grounded neutral systems of over 1000 volts as 
scribed in 250.184(A). [ROP 5-28] 

(B) Continuity. The continuity of a 
shall not depend on a conneGt®0lFl8» t , 
raceway, or cable armor. 

Informational Note: 
grounded conductors used' 



continuity of 
h circuits. 


200.3 Connection to Grounded System. Premises wiring 
shall not be electrically connected to a supply system un¬ 
less the latter contains, for any grounded conductor of the 
interior system, a corresponding conductor that is 
grounded. For the purpose of this section, electrically con¬ 
nected shall mean connected so as to be capable of carrying 
current, as distinguished from connection through electro¬ 
magnetic induction. 

Exception: Listed utility-interactive inverters identified for 
use in distributed resource generation systems such as pho¬ 
tovoltaic and fuel cell power systems shall be permitted to 
be connected to premises wiring without a grounded con¬ 
ductor where the connected premises wiring or utility sys¬ 
tem includes a grounded conductor. 

200.4 Neutral Conductors. Neutral conductors shall be 
installed in accordance with (A) and (B). [ROP 5-29] 


(A) Installation. Neutral conductors shall not be used for 
more than one branch circuit, for more than one multiwire 
branch circuit, or for more than one set of ungrounded 
feeder conductors unless specifically permitted elsewhere 
in this Code. [ROP 5-29] 

(B) Multiple Circuits. Where more than one neutral con¬ 
ductor associated with different circuits is in an enclosure, 
the ungrounded and grounded circuit conductors of each 
circuit shall be grouped by cable ties or similar means in at 
least one location within the enclosure. [ROP 5-29] 

Exception: The requirement for grouping shall not apply if 
the circuit conductors enter from a cable or a raceway 
unique to th ^ circuit that makes the grouping obvious. 

| ROP 5-291 




Means of Identifying Grounded Conductors. 

6 AWG or Smaller. An insulated grounded con- 
of 6 AWG or smaller shall be identified by one of 
llowing means: 

tinuous white outer finish, 
continuous gray outer finish, 
hree continuous white or gray stripes along the con¬ 
ductor’s entire length on other than green insulation. 
[ROP 5-31] 

(4) Wires that have their outer covering finished to show a 
white or gray color but have colored tracer threads in 
the braid identifying the source of manufacture shall be 
considered as meeting the provisions of this section. 

(5) The grounded conductor of a mineral-insulated, metal- 
sheathed cable (Type MI) shall be identified at the time 
of installation by distinctive marking at its termina¬ 
tions. [ROP 5-32] 

(6) A single-conductor, sunlight-resistant, outdoor-rated 
cable used as a grounded conductor in photovoltaic 
power systems, as permitted by 690.31, shall be iden¬ 
tified at the time of installation by distinctive white 
marking at all terminations. 

(7) Fixture wire shall comply with the requirements for 
grounded conductor identification as specified in 402.8. 

(8) For aerial cable, the identification shall be as above, or 
by means of a ridge located on the exterior of the cable 
so as to identify it. 

(B) Sizes 4 AWG or Larger. An insulated grounded con¬ 
ductor 4 AWG or larger shall be identified by one of the 

following means: 

(1) A continuous white outer finish. 

(2) A continuous gray outer finish 
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(3) Three continuous white or gray stripes along the con¬ 
ductor’s entire length on other than green insulation. 

[ROP 5-33] 

(4) At the time of installation, by a distinctive white or 
gray marking at its terminations. This marking shall 
encircle the conductor or insulation. 

(C) Flexible Cords. An insulated conductor that is in¬ 
tended for use as a grounded conductor, where contained 
within a flexible cord, shall be identified by a white or gray 
outer finish or by methods permitted by 400.22. 

(D) Grounded Conductors of Different Systems. Where 
grounded conductors of different systems are installed in 
the same raceway, cable, box, auxiliary gutter, or other type 
of enclosure, each grounded conductor shall be identified 
by system. Identification that distinguishes each system 
grounded conductor shall be permitted by one of the fol¬ 
lowing means: 

(1) One system grounded conductor shall have an outer 
covering conforming to 200.6(A) or (B). 

(2) The grounded conductor(s) of other systems shall have 
a different outer covering conforming to 200.6(A) or 
200.6(B) or by an outer covering of white or gray with 
a readily distinguishable colored stripe other than greer 
running along the insulation. 

(3) Other and different means of identification as allowed 
by 200.6(A) or (B) that will distinguish ea cfafta i 
grounded conductor. 

The means of identification shall be 
manner that is readily available or shall be'\|^pAHently" 
posted where the conductors of different systems originate. 

(E) Grounded Conductors of Multiconductor cables. 

The insulated grounded conductors in a multiconductor 
cable shall be identified by a continuous white or gray outer 
finish or by three continuous white or gray shares on other 
than green insulation along its entire lengthuMulticonduc- 
tor flat cable 4 AWG or larger shall be permitted to employ 
an external ridge on the grounded conductor. [ROP 5-34] 

Exception No. 1: Where the conditions of maintenance 
and supervision ensure that only qualified persons service 
the installation, grounded conductors in multiconductor 
cables shall be permitted to be permanently identified at 
their terminations at the time of installation by a distinctive 
white marking or other equally effective means. 


200.7 Use of Insulation of a White or Gray Color or 
with Three Continuous White or Gray Stripes [ROP 
5-35]. 

(A) General. The following shall be used only for the 
grounded circuit conductor, unless otherwise permitted in 
200.7(B) and (C): 

(1) A conductor with continuous white or gray covering 

(2) A conductor with three continuous white or gray stripes 
on other than green insulation [ROP 5-36] 

(3) A marking of white or gray color at the termination 

(B) Circuits of Less Than 50 Volts. A conductor with 
white or gray color insulation or three continuous white 
stripes or having a marking of white or gray at the termi¬ 
nation for circuits of%ss than 50 volts shall be required to 
be grounded only as required by 250.20(A). 

(C) Circuits of 50 Volts or More. The use of insulation 
that is white or gray ornhat has three continuous white or 
gray stripes for other than a grounded conductor for circuits 
of 50 volts or more shall be permitted only as in (1) and (2). 

| ROP 5-38 

(1) If part of a cable assembly that has the insulation per¬ 
manently reidentified to indicate its use as an un- 

anded conductor by marking tape, painting, or other 
means at its termination and at each location 
where the conductor is visible and accessible. Identifi¬ 
cation shall encircle the insulation and shall be a color 
other than white, gray, or green. If used for single-pole, 
3-way or 4-way switch loops, the reidentified conduc¬ 
tor with white or gray insulation or three continuous 
white or gray stripes shall be used only for the supply 
to the switch, but not as a return conductor from the 
switch to the outlet. [ROP 5-40] 

(2) A flexible cord, having one conductor identified by a 
white or gray outer finish or three continuous white or 
gray stripes or by any other means permitted by 
400.22, that is used for connecting an appliance or 
equipment permitted by 400.7. This shall apply to flex¬ 
ible cords connected to outlets whether or not the outlet 
is supplied by a circuit that has a grounded conductor. 
[ROP 5-41] 

Informational Note: The color gray may have been used in 
the past as an ungrounded conductor. Care should be taken 
when working on existing systems. 


Exception No. 2: The grounded conductor of a multicon¬ 
ductor varnished-cloth-insulated cable shall be permitted 
to be identified at its terminations at the time of installation 
by a distinctive white marking or other equally effective 
means. 

Informational Note: The color gray may have been used in 
the past as an ungrounded conductor. Care should be taken 
when working on existing systems. 


200.9 Means of Identification of Terminals. The identifi¬ 
cation of terminals to which a grounded conductor is to be 
connected shall be substantially white in color. The identi¬ 
fication of other terminals shall be of a readily distinguish¬ 
able different color. 

Exception: Where the conditions of maintenance and su¬ 
pervision ensure that only qualified persons service the in- 
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stallations, terminals for grounded conductors shall be per¬ 
mitted to be permanently identified at the time of 
installation by a distinctive white marking or other equally 
effective means. 


200.11 Polarity of Connections. No grounded conductor 
shall be attached to any terminal or lead so as to reverse the 
designated polarity. 


200.10 Identification of Terminals. 

(A) Device Terminals. All devices, excluding panel- 
boards, provided with terminals for the attachment of con¬ 
ductors and intended for connection to more than one side 
of the circuit shall have terminals properly marked for iden¬ 
tification, unless the electrical connection of the terminal 
intended to be connected to the grounded conductor is 
clearly evident. 

Exception: Terminal identification shall not be required 
for devices that have a normal current rating of over 30 
amperes, other than polarized attachment plugs and polar¬ 
ized receptacles for attachment plugs as required in 
200.10(B). 

(B) Receptacles, Plugs, and Connectors. Receptacles, 
polarized attachment plugs, and cord connectors for plugs 
and polarized plugs shall have the terminal intended for 
connection to the grounded conductor identified as follows: 

(1) Identification shall be by a metal or metal coati 
is substantially white in color or by the word white o: 
the letter W located adjacent to the identified terminal. 

(2) If the terminal is not visible, the conductor, entrance 
hole for the connection shall bg^ft>lored®vhite 
marked with the word white or 

Informational Note: See 250.126 for idi 
ing device equipment grounding co: 




the ter- 
e the one con- 


(C) Screw Shells. For 
minal for the grounded 
nected to the screw shell. 


(D) Screw Shell Devices with Leads. For screw shell de¬ 
vices with attached leads, the conductor attached to the 
screw shell shall have a white or gray finish. The outer 
finish of the other conductor shall be of a solid color that 
will not be confused with the white or gray finish used to 
identify the grounded conductor. 

Informational Note: The color gray may have been used in 
the past as an ungrounded conductor. Care should be taken 
when working on existing systems. 



ARTICLE 210 
Branch Circuits 


I. General Provisions 

210.1 Scope. This article covers branch circuits except for 
branch circuits that supply only motor loads, which are 
covered in Article 430. Provisions of this article and Article 
430 apply tr^mfanch circuits with combination loads. 

210.2 Other Articles for Specific-Purpose Branch Cir- 

cmts.xBranchxnrcuits shall comply with this article and also 
he applicable provisions of other articles of this Code. 
provisions for branch circuits supplying equipment 
able 210.2 amend or supplement the provisions in 

Tele. [ROP 2-12] 

ating. Branch circuits recognized by this article 
ated in accordance with the maximum permitted 
rating or setting of the overcurrent device. The rat¬ 
ing for other than individual branch circuits shall be 15, 20, 
30, 40, and 50 amperes. Where conductors of higher am¬ 
pacity are used for any reason, the ampere rating or setting 
of the specified overcurrent device shall determine the cir¬ 
cuit rating. 

Exception: Multioutlet branch circuits greater than 50 
amperes shall be permitted to supply nonlighting outlet 
loads on industrial premises where conditions of mainte¬ 
nance and supervision ensure that only qualified persons 
service the equipment. 

210.4 Multiwire Branch Circuits. 

(A) General. Branch circuits recognized by this article 
shall be permitted as multiwire circuits. A multiwire circuit 
shall be permitted to be considered as multiple circuits. All 
conductors of a multiwire branch circuit shall originate 
from the same panelboard or similar distribution equip¬ 
ment. 


(E) Appliances. Appliances that have a single-pole switch 
or a single-pole overcurrent device in the line or any line- 
connected screw shell lampholders, and that are to be con¬ 
nected by (1) a permanent wiring method or (2) field- 
installed attachment plugs and cords with three or more 
wires (including the equipment grounding conductor), shall 
have means to identify the terminal for the grounded circuit 
conductor (if any). 


Informational Note: A 3-phase, 4-wire, wye-connected 
power system used to supply power to nonlinear loads may 
necessitate that the power system design allow for the pos¬ 
sibility of high harmonic currents on the neutral conductor. 

(B) Disconnecting Means. Each multiwire branch circuit 
shall be provided with a means that will simultaneously 
disconnect all ungrounded conductors at the point where 
the branch circuit originates. 
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Table 210.2 Specific-Purpose Branch Circuits 


Equipment 

Article 

Section 

Air-conditioning and 


440.6, 440.31, 

refrigerating equipment 


440.32 

Audio signal processing, 


640.8 

amplification, and 
reproduction equipment 
Busways 


368.17 

Circuits and equipment 

720 


operating at less than 50 
volts 

Central heating equipment 


422.12 

other than fixed electric 
space-heating equipment 

Class 1, Class 2, and Class 3 

725 


remote-control, signaling, 
and power-limited circuits 
Cranes and hoists 


610.42 

Electric signs and outline 


600.6 

lighting 

Electric welders 

630 


Electrified truck parking 

626 


space 

Elevators, dumbwaiters, 


620.61 

escalators, moving walks, 
wheelchair lifts, and 
stairway chair lifts 

Fire alarm systems 

760 


Fixed electric heating 


427.4 

equipment for pipelines 
and vessels 

Fixed electric space-heating 


424^^ 

equipment 

Fixed outdoor electrical 


426jfla 

deicing and snow-melting 
equipment 

Information technology 


645.5 

equipment 

Infrared lamp industrial 

< 

42ii48, 4^.3 

heating equipment 

Induction and dielectric 

x 

i 

heating equipment 

Marinas and boatyards 


WP 555.19 

Mobile homes, manufactured 

550 


homes, and mobile home 
parks 

Motion picture and television 

530 


studios and similar 
locations 

Motors, motor circuits, and 

430 


controllers 

Pipe organs 


650.7 

Recreational vehicles and 

551 


recreational vehicle parks 
Switchboards and 


408.52 

panelboards 

Theaters, audience areas of 


520.41, 520.52, 

motion picture and 


520.62 

television studios, and 
similar locations 

X-ray equipment 


660.2, 517.73 


Informational Note: See 240.15(B) for information on the 
use of single-pole circuit breakers as the disconnecting 
means. 

(C) Line-to-Neutral Loads. Multiwire branch circuits 
shall supply only line-to-neutral loads. 

Informational Note: See 300.13(B) for continuity of 
grounded conductor on multiwire circuits. [ROP 2-17a] 

Exception No. 1: A multiwire branch circuit that supplies 
only one utilization equipment. 

Exception No. 2: Where all ungrounded conductors of the 
multiwire branch circuit are opened simultaneously by the 
branch-circuit overcurrent device. 

(D) Grouping. The ungrounded and grounded circuit con¬ 
ductors of each multi wire branch circuit shall be grouped 
by cable ties or similar means in at least one location within 
the panelboard or other point of origination. 

Exception & The requirement for grouping shall not apply if 
the ciM^mt enters from a cable or raceway unique to the 
cirgtmrthat makes the groupmg obvious or if the conductors 
are^MtejitifieWit their terminations with numbered wire 
markers corresponding to the appropriate circuit number. 
[ROP 2-t 

dfication for Branch Circuits. 

Grounded Conductor. The grounded conductor of a 
Stanch circuit shall be identified in accordance with 200.6. 

5) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance with 
250.119. 

(C) Identification of Ungrounded Conductors. Un¬ 
grounded conductors shall be identified in accordance with 
210.5(C)(1) and (2), as applicable. [ROP 2-23] 

(1) Branch Circuits Supplied From More Than One 
Nominal Voltage System. Where the premises wiring sys¬ 
tem has branch circuits supplied from more than one nomi¬ 
nal voltage system, each ungrounded conductor of a branch 
circuit shall be identified by phase or line and system at all 
termination, connection, and splice points in compliance 
with 210.5(C)(1)(a) and (b). [ROP 2-23] 

(a) Means of Identification. The means of identification 
shall be permitted to be by separate color coding, marking 
tape, tagging, or other approved means. [ROP 2-23] 

(b) Posting of Identification Means. The method uti¬ 
lized for conductors originating within each branch-circuit 
panelboard or similar branch-circuit distribution equipment 
shall be documented in a manner that is readily available or 
shall be permanently posted at each branch-circuit panel- 
board or similar branch-circuit distribution equipment. 
[ROP 2-23] 
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(2) Branch Circuits Supplied From Direct Current Sys¬ 
tems. Where a branch circuit is supplied from a dc system 
operating at more than 60 volts, each ungrounded conduc¬ 
tor of 4 AWG or larger shall be identified by polarity at all 
termination, connection, and splice points by marking tape, 
tagging, or other approved means; each ungrounded con¬ 
ductor of 6 AWG or smaller shall be identified by polarity 
at all termination, connection, and splice points in compli¬ 
ance with 210.5(C)(2)(a) and (b). The identification meth¬ 
ods utilized for conductors originating within each branch- 
circuit panelboard or similar branch-circuit distribution 
equipment shall be documented in a manner that is readily 
available or shall be permanently posted at each branch- 
circuit panelboard or similar branch-circuit distribution 
equipment. [ROP 2-23] 

(a) Positive Polarity, Sizes 6 AWG or smaller. Where 
the positive polarity of a dc system does not serve as the 
connection point for the grounded conductor, each positive 
ungrounded conductor shall be identified by one of the 
following means: [ROP 2-23] 

(1) A continuous red outer finish. [ROP 2-23] 

(2) A continuous red stripe durably marked along the con¬ 
ductor’s entire length on insulation of a color other 
than green, white, gray, or black. [ROP 2-23] 

(3) Imprinted plus signs “+” or the word “POSIT! 

“POS” durably marked on insulation of a color 
than green, white, gray, or black, and repeated at 
vals not exceeding 610 mm (24 inj irt/acccirdance wii 
310.120(B). [ROP 2-23] 

(b) Negative Polarity, Sizes 6 
the negative polarity of a dc system does not serve as the 
connection point for the grounded conductoi^fcdi negative 
ungrounded conductor shall be identified b\ one of the 
following means: [ROP 2-23] 

(1) A continuous black outef finish. [ROP 2-23] 

(2) A continuous black stripe durably marked along the 
conductor’s entire length on inhalation of a color other 
than green, white, gray, or red. [ROP 2-23] 

(3) Imprinted minus signs or the word “NEGATIVE” 
or “NEG” durably marked on insulation of a color 
other than green, white, gray, or red, and repeated at 
intervals not exceeding 610 mm (24 in.) in accordance 
with 310.120(B). [ROP 2-23] 

210.6 Branch-Circuit Voltage Limitations. The nominal 
voltage of branch circuits shall not exceed the values per¬ 
mitted by 210.6(A) through (E). 

(A) Occupancy Limitation. In dwelling units and guest 
rooms or guest suites of hotels, motels, and similar occu¬ 
pancies, the voltage shall not exceed 120 volts, nominal, 
between conductors that supply the terminals of the follow¬ 
ing: 



(1) Luminaires 

(2) Cord-and-plug-connected loads 1440 volt-amperes, 
nominal, or less or less than 14 hp 

(B) 120 Volts Between Conductors. Circuits not exceed¬ 
ing 120 volts, nominal, between conductors shall be permit¬ 
ted to supply the following: 

(1) The terminals of lampholders applied within their volt¬ 
age ratings 

(2) Auxiliary equipment of electric-discharge lamps 

Informational Note: See 410.137 for auxiliary equipment 
limitations. [ROP 2-26a] 

(3) Cord-and-plug-connected or permanently connected 
utilization equipment 




to Ground. Circuits exceeding 120 volts, 
en conductors and not exceeding 277 volts, 
shall be permitted to supply the follow- 


barge or listed light-emitting diode - 


(C) 277 
nomina 
nomir 
in 

Listed electric- 
uminaires 

sted incandescent luminaires, where supplied at 120 
Its or less from the output of a stepdown autotrans- 
er that is an integral component of the luminaire 
he outer shell terminal is electrically connected to 
grounded conductor of the branch circuit 

(3) Luminaires equipped with mogul-base screw shell lam¬ 
pholders 

(4) Lampholders, other than the screw shell type, applied 
within their voltage ratings 

(5) Auxiliary equipment of electric-discharge lamps 

Informational Note: See 410.137 for auxiliary equipment 
limitations. [ROP 2-26a] 

(6) Cord-and-plug-connected or permanently connected 
utilization equipment 

(D) 600 Volts Between Conductors. Circuits exceeding 
277 volts, nominal, to ground and not exceeding 600 volts, 
nominal, between conductors shall be permitted to supply 
the following: 

(1) The auxiliary equipment of electric-discharge lamps 
mounted in permanently installed luminaires where the 
luminaires are mounted in accordance with one of the 
following: 

a. Not less than a height of 6.7 m (22 ft) on poles or 
similar structures for the illumination of outdoor ar¬ 
eas such as highways, roads, bridges, athletic fields, 
or parking lots 

b. Not less than a height of 5.5 m (18 ft) on other 
structures such as tunnels 

Informational Note: See 410.137 for auxiliary equipment 
limitations. [ROP 2-26a] 
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(2) Cord-and-plug-connected or permanently connected 
utilization equipment other than luminaires 

(3) Luminaires powered from direct-current systems where 
the luminaire contains a listed, dc-rated ballast that pro¬ 
vides isolation between the dc power source and the 
lamp circuit and protection from electric shock when 
changing lamps. 

Exception No. 1 to (B), (C), and (D): For lampholders of 
infrared industrial heating appliances as provided in 
422.14. 

Exception No. 2 to (B), (C), and (D): For railway proper¬ 
ties as described in 110.19. 

(E) Over 600 Volts Between Conductors. Circuits ex¬ 
ceeding 600 volts, nominal, between conductors shall be 
permitted to supply utilization equipment in installations 
where conditions of maintenance and supervision ensure 
that only qualified persons service the installation. 


210.7 Multiple Branch Circuits. Where two or more 
branch circuits supply devices or equipment on the same 
yoke or mounting strap, a means to simultaneously discon¬ 
nect the ungrounded conductors supplying those devices 
shall be provided at the point at which the branch circuit: 
originate. [ROP 2-27] 


210.8 Ground-Fault Circuit-Interrupter 
Personnel. Ground-fault circuit-interrupter 
personnel shall be provided as required in 2, 
(C). The ground-fault circuit-interrupter shal 
a readily accessible location. [ROP-2gi 

Informational Note: See 215.9„ 
interrupter protection for pers< 




(A) Dwelling Units. All 125-volt, single-phase, 15- and 
20-ampere receptacles installed in the loteti^Ss specified in 
210.8(A)(1) through (10) shall have ground-fault circuit- 
interrupter protection for personnel. [ROP 2-47] 

(1) Bathrooms 

(2) Garages, and also accessory buildings that have a 
floor located at or below grade level not intended as 
habitable rooms and limited to storage areas, work 
areas, and areas of similar use 

(3) Outdoors 

Exception to (3): Receptacles that are not readily acces¬ 
sible and are supplied by a branch circuit dedicated to 
electric snow-melting, deicing, or pipeline and vessel heat¬ 
ing equipment shall be permitted to be installed in accor¬ 
dance with 426.28 or 427.22, as applicable. 

(4) Crawl spaces — at or below grade level 

(5) Unfinished basements — for purposes of this section, 
unfinished basements are defined as portions or areas 


of the basement not intended as habitable rooms and 
limited to storage areas, work areas, and the like 

Exception to (5): A receptacle supplying only a perma¬ 
nently installed burglar alarm system shall not be required 
to have ground-fault circuit-interrupter protection. [ROP 

2-36] 

Informational Note: See 760.41(B) and 760.121(B) for 
power supply requirements for fire alarm systems. 

Receptacles installed under the exception to 
210.8(A)(5) shall not be considered as meeting the 
requirements of 210.52(G). 

(6) Kitchens— where the receptacles are installed to 
serve the countertop surfaces 

(7) Sinks — located in areas other than kitchens where 
receptacles agyrnstalled within 1.8 m (6 ft) of the 
outside edge of the sink 

(8) Boatho 

(9) Bathtubs or shdwcivstalls — Where receptacles are 
led within 1.8 m (S ft) of the outside edge of the 

fothtub^fc>shower stal 7. [ROP 2-46] 

(lOKfkpndry areas [ROP 2-47] 

an Dwelling Units. All 125-volt, single- 
anafeO-ampcre receptacles installed in the loca- 
ed in 210.8(B)(1) through (8) shall have 
fault circuit-interrupter protection for personnel. 
Bathrooms 
Kitchens 

(3) Rooftops 

(4) Outdoors 

Exception No. 1 to (3): Receptacles on rooftops shall not be 
required to be readily accessible other than from the roof¬ 
top. [ROP 2-52] 

Exception No. 2 to (3) and (4): Receptacles that are not 
readily accessible and are supplied by a branch circuit 
dedicated to electric snow-melting, deicing, or pipeline and 
vessel heating equipment shall be permitted to be installed 
in accordance with 426.28 or 427.22, as applicable. 

Exception No. 3 to (4): In industrial establishments only, 
where the conditions of maintenance and supervision en¬ 
sure that only qualified personnel are involved, an assured 
equipment grounding conductor program as specified in 
590.6(B)(2) shall be permitted for only those receptacle 
outlets used to supply equipment that would create a 
greater hazard if power is interrupted or having a design 
that is not compatible with GFCI protection. 

(5) Sinks — where receptacles are installed within 1.8 m 
(6 ft) of the outside edge of the sink. 

Exception No. 1 to (5): In industrial laboratories, recep¬ 
tacles used to supply equipment where removal of power 
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would introduce a greater hazard shall be permitted to be 
installed without GFCI protection. 

Exception No. 2 to (5): For receptacles located in patient 
bed locations of general care or critical care areas of 
health care facilities other than those covered under 
210.8(B)(1), GFCI protection shall not be required. 

(6) Indoor wet locations 

(7) Locker rooms with associated showering facilities 

(8) Garages, service bays, and similar areas [ROP 2-49, 
ROP 2-50] 

(C) Boat Hoists. GFCI protection shall be provided for 
outlets not exceeding 240 volts that supply boat hoists in¬ 
stalled in dwelling unit locations. 

210.9 Circuits Derived from Autotransformers. Branch 
circuits shall not be derived from autotransformers unless 
the circuit supplied has a grounded conductor that is elec¬ 
trically connected to a grounded conductor of the system 
supplying the autotransformer. 

Exception No. 1: An autotransformer shall be permitted 
without the connection to a grounded conductor where 
transforming from a nominal 208 volts to a nominal 240- 
volt supply or similarly from 240 volts to 208 volts. 
Exception No. 2: In industrial occupancies, where 
tions of maintenance and supervision ensure that 
qualified persons service the installation, 
shall be permitted to supply nominal 
nominal 480-volt systems, and 480-v< 

600-volt systems, without the conn 
grounded conductor. 

Exception No. 3: Branch^fificuits'ShalLbe 
supplied from a grounding ciutotransfor^^r witnout requit¬ 
ing that the circuit suppIiedNiave a grmtnded conductor 
that is electrically connected to the erommed conductor of 
the system supplying the autotransformer provided that au¬ 
totransformer has low zero phastrlfjjpquence impedance at 
its load side (<1.0%) and high zero phase sequence imped¬ 
ance at its line side (>30%). [ROP 2-60] 

210.10 Ungrounded Conductors Tapped from 
Grounded Systems. Two-wire dc circuits and ac circuits of 
two or more ungrounded conductors shall be permitted to 
be tapped from the ungrounded conductors of circuits that 
have a grounded neutral conductor. Switching devices in 
each tapped circuit shall have a pole in each ungrounded 
conductor. All poles of multipole switching devices shall 
manually switch together where such switching devices 
also serve as a disconnecting means as required by the 
following: 

(1) 410.93 for double-pole switched lampholders 

(2) 410.104(B) for electric-discharge lamp auxiliary equip¬ 
ment switching devices 



asform i 
fads fro', 


ved to be 


(3) 422.31(B) for an appliance 

(4) 424.20 for a fixed electric space-heating unit 

(5) 426.51 for electric deicing and snow-melting equip¬ 
ment 

(6) 430.85 for a motor controller 

(7) 430.103 for a motor 

210.11 Branch Circuits Required. Branch circuits for 
lighting and for appliances, including motor-operated appli¬ 
ances, shall be provided to supply the loads calculated in 
accordance with 220.10. In addition, branch circuits shall 
be provided for specific loads not covered by 220.10 where 
required elsewhere in this Code and for dwelling unit loads 
as specified in 210.11(C). 

(A) Number of Branch Circuits. The minimum number 
of branch circuits shall be determined from the total calcu¬ 
lated load and the size or rating of the circuits used. In all 
installations, tnkmmber of circuits shall be sufficient to 
ply the load served. In no case shall the load on any 
Circuit exceed the maximum specified by 220.18. 

oad Evenly Proportioned Among Branch Circuits. 

e the load is calculated on the basis of volt-amperes 
per Square meter or per square foot, the wiring system up to 
incfading the branch-circuit panelboard(s) shall be pro¬ 
to serve not less than the calculated load. This load 
shall be evenly proportioned among multioutlet branch cir¬ 
cuits within the panelboard(s). Branch-circuit overcurrent 
devices and circuits shall be required to be installed only to 
serve the connected load. 

(C) Dwelling Units. 

(1) Small-Appliance Branch Circuits. In addition to the 
number of branch circuits required by other parts of this 
section, two or more 20-ampere small-appliance branch cir¬ 
cuits shall be provided for all receptacle outlets specified by 
210.52(B). 

(2) Laundry Branch Circuits. In addition to the number 
of branch circuits required by other parts of this section, at 
least one additional 20-ampere branch circuit shall be pro¬ 
vided to supply the laundry receptacle outlet(s) required by 
210.52(F). This circuit shall have no other outlets. 

(3) Bathroom Branch Circuits. In addition to the number 
of branch circuits required by other parts of this section, at 
least one 20-ampere branch circuit shall be provided to 
supply bathroom receptacle outlet(s). Such circuits shall 
have no other outlets. 

Informational Note: See Examples Dl(a), Dl(b), D2(b), 
D4(a), and D4(b) in Informative Annex D. [ROP 2-62b] 

Exception: Where the 20-ampere circuit supplies a single 
bathroom, outlets for other equipment within the same 
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bathroom shall be permitted to be supplied in accordance 
with 210.23(A)(1) and (A)(2). 

210.12 Arc-Fault Circuit-Interrupter Protection. Arc- 
fault circuit-interrupter protection shall be provided as re¬ 
quired in 210.12(A) and (B). The arc-fault circuit inter¬ 
rupter shall be installed in a readily accessible location. 

[ROP 2-116] 

(A) Dwelling Units. All 120-volt, single phase, 15- and 
20-ampere branch circuits supplying outlets or devices in¬ 
stalled in dwelling unit kitchens, family rooms, dining 
rooms, living rooms, parlors, libraries, dens, bedrooms, 
sunrooms, recreation rooms, closets, hallways, laundry ar¬ 
eas, or similar rooms or areas shall be protected as de¬ 
scribed by (1), (2), (3), or (4).[ROP 2-80, ROP 2-82a, 
ROP 2-85] 

(1) A listed combination type arc-fault circuit interrupter, 
installed to provide protection of the entire branch cir¬ 
cuit. [ROP 2-92] 

(2) A listed outlet branch circuit type arc-fault circuit in¬ 
terrupter installed at the first outlet on the branch cir¬ 
cuit where all of the following conditions are met: 

[ROP 2-92] 

a. The branch circuit over current protection device 
shall be a listed circuit breaker having an instanta 



irmg 
ice to the 
for a 14 
nductor- 


neous trip not exceeding 300 amperes. 

b. The branch circuit wiring shall be coni 
the branch circuit overcurrent devi 
branch circuit arc-fault circuit 

2-92] 

c. The maximum length of tl 

from the branch c i rc u i rc u itc n t 

first outlet shall not exi 
AWG or 21.3 m (70 ft) AWGj 

[ROP 2-92] 

d. The first outlet box in the hraiil:h%Bifcuit shall be 
identified. [ROP 2-92] 

(3) A listed outlet branch circuit type arc-fault circuit in¬ 
terrupter installed at the first outlet on the branch cir¬ 
cuit where the portion of the branch circuit between the 
branch-circuit overcurrent device and the first outlet is 
installed using RMC, IMC, EMT, Type MC, or steel 
armored Type AC cables meeting the requirements of 
250.118 and using metal outlet and junction boxes. 
[ROP 2-92] 

(4) A listed outlet branch circuit type arc-fault circuit in¬ 
terrupter installed at the first outlet on the branch cir¬ 
cuit where the portion of the branch circuit between the 
branch-circuit overcurrent device and the first outlet is 
installed using a listed metal or nonmetallic conduit or 
tubing encased in not less than 50 mm (2 in.) of con¬ 
crete. [ROP 2-92] 



Exception No. 1: If RMC, IMC, EMT, Type MC, or steel 
armored Type AC cables meeting the requirements of 
250.118, metal wireways, metal auxiliary gutters, and metal 
outlet and junction boxes are installed for the portion of the 
branch circuit between the branch-circuit overcurrent de¬ 
vice and the first outlet, it shall be permitted to install an 
outlet branch-circuit type AFCI at the first outlet to provide 
protection for the remaining portion of the branch circuit. 
[ROP 2-102] 

Exception No. 2: Where a listed metal or nonmetallic con¬ 
duit or tubing or Type MC Cable is encased in not less than 
50 mm (2 in.) of concrete for the portion of the branch 
circuit between the branch-circuit overcurrent device and 
the first outlet, it shall be permitted to install an outlet 
branch-circuit type A£CI at the first outlet to provide pro¬ 
tection for the remaining portion of the branch circuit. 

[ROP 2-103] 

Exception No. 3: Where an individual branch circuit to a 
fire alarafystem installed in accordance with 760.41(B) or 
760.121(B) is installed in RMC, IMC, EMT, or steel 
sheathed cable, >Type AC or Type MC, meeting the require- 
U18, with metal outlet and junction boxes, 
ays or metal auxiliary gutters, AFCI protection 
[tted to be omitted. [ROP 2-109] 

mat Note No. 1: For information on types of 
ircuit interrupters, see UL 1699-2011, Standard 
Arc-Fault Circuit Interrupters. [ROP 2-92] 

Informational Note No. 2: See 29.6.3(5) of NFPA 72- 
010, National Fire Alarm and Signaling Code, for infor¬ 
mation related to secondary power supply requirements for 
smoke alarms installed in dwelling units. [ROP 2-92] 

Informational Note No. 3: See 760.41(B) and 760.121(B) 
for power-supply requirements for fire alarm systems. 

[ROP 2-92] 

(B) Branch Circuit Extensions or Modifications — 
Dwelling Units. In any of the areas specified in 210.12(A), 
where branch-circuit wiring is modified, replaced, or ex¬ 
tended, the branch circuit shall be protected by one of the 
following: 

(1) A listed combination-type AFCI located at the origin of 
the branch circuit 

(2) A listed outlet branch-circuit type AFCI located at the 
first receptacle outlet of the existing branch circuit 

Exception: AFCI protection shall not be required where 
the extension of the existing conductors is not more than 
1.8 m (6 ft.) and does not include any additional outlets or 
devices. [ROP 2-115] 

210.13 Ground-Fault Protection of Equipment. Each 
branch circuit disconnect rated 1000 amperes or more and 
installed on solidly grounded wye electrical systems of 
more than 150 volts to ground, but not exceeding 600 volts 
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phase-to-phase, shall be provided with ground-fault protec¬ 
tion of equipment in accordance with the provisions of 
230.95. [ROP 2-125] 

Informational Note: For buildings that contain health care 
occupancies, see the requirements of 517.17. [ROP 2-125] 

Exception No. 1: The provisions of this section shall not 
apply to a disconnecting means for a continuous i?idustrial 
process where a nonorderly shutdown will introduce addi¬ 
tional or increased hazards. [ROP 2-125] 

Exception No. 2: The provisions of this section shall not 
apply if ground-fault protection of equipment is provided on 
the supply side of the branch circuit and on the load side of 
any transformer supplying the branch circuit. [ROP 2-125] 

210.17 Electric Vehicle Branch Circuit. Outlet(s) in¬ 
stalled for the purpose of charging electric vehicles shall be 
supplied by a separate branch circuit. This circuit shall have 
no other outlets. [ROP 2-128a] 

Informational Note: See 625.2 for the definition of "Elec¬ 
trical Vehicle". [ROP 2-128a] 

210.18 Guest Rooms and Guest Suites. Guest rooms and 
guest suites that are provided with permanent provisioijs. for 
cooking shall have branch circuits installed to me 
rules for dwelling units. 

II. Branch-Circuit Ratings 

210.19 Conductors — Minimum 


(A) Branch Circuits Not More 


(1) General. Branch-circ 
pacity not less than the 
ductors shall be sized to c? 
or (b). [ROP 2-131] 




Ponductbrs shall have an am- 
<imum load to be staved. Con- 
not less than the larger of (a) 


(a) Where a branch circuit supplies continuous loads 
or any combination of continuous ana noncontinuous loads, 
the minimum branch-circuit conductor size shall have an 
allowable ampacity not less than the noncontinuous load 
plus 125 percent of the continuous load. [ROP 2-131] 

(b) The minimum branch-circuit conductor size shall 
have an allowable ampacity not less than the maximum 
load to be served after the application of any adjustment or 
correction factors. [ROP 2-131] 


exceeding 3 percent at the farthest outlet of power, heating, 
and lighting loads, or combinations of such loads, and 
where the maximum total voltage drop on both feeders and 
branch circuits to the farthest outlet does not exceed 5 per¬ 
cent, provide reasonable efficiency of operation. See Infor¬ 
mational Note No. 2 of 215.2(A)(4) for voltage drop on 
feeder conductors. 

Exception: If the assembly, including the overcurrent de¬ 
vices protecting the branch circuit(s), is listed for operation 
at 100 percent of its rating, the allowable ampacity of the 
branch circuit conductors shall be permitted to be not less 
than the sum of the continuous load plus the noncontinuous 
load. 

(2) Branch Circuits with More than One Receptacle. 

Conductors of branch circuits supplying more than one re¬ 
ceptacle for cord-and-plug-connected portable loads shall 
have an a jf ffi ieitv of not less than the rating of the branch 
circuit 

ousehold Ranges and Cooking Appliances. Branch- 
cuit conductors supplying household ranges, wall- 
mounted ovens, counter-mounted cooking units, and other 
old cooking appliances shall have an ampacity not 
ban the rating of the branch circuit and not less than 
imum load to be served. For ranges of 8 3 /4 kW or 
g, the minimum branch-circuit rating shall be 40 
s. 


Exception No. 1: Conductors tapped from a 50-ampere 
branch circuit supplying electric ranges, wall-mounted 
electric ovens, and counter-mounted electric cooking units 
shall have an ampacity of not less than 20 amperes and 
shall be sufficient for the load to be served. These tap con¬ 
ductors include any conductors that are a part of the leads 
supplied with the appliance that are smaller than the 
branch-circuit conductors. The taps shall not be longer 
than necessary for servicing the appliance. 

Exception No. 2: The neutral conductor of a 3-wire 
branch circuit supplying a household electric range, a 
wall-mounted oven, or a counter-mounted cooking unit 
shall be permitted to be smaller than the ungrounded con¬ 
ductors where the maximum demand of a range of 8 3 A-kW 
or more rating has been calculated according to Column C 
of Table 220.55, but such conductor shall have an ampacity 
of not less than 70 percent of the branch-circuit rating and 
shall not be smaller than 10 AWG. 


Informational Note No. 1: See 310.15 for ampacity ratings 
of conductors. [ROP 2-130a, ROP 2-132] 

Informational Note No. 2: See Part II of Article 430 for 
minimum rating of motor branch-circuit conductors. 

Informational Note No. 3: See 310.15(A)(3) for tempera¬ 
ture limitation of conductors. 

Informational Note No. 4: Conductors for branch circuits 
as defined in Article 100, sized to prevent a voltage drop 


(4) Other Loads. Branch-circuit conductors that supply 
loads other than those specified in 210.2 and other than 
cooking appliances as covered in 210.19(A)(3) shall have 
an ampacity sufficient for the loads served and shall not be 
smaller than 14 AWG. 

Exception No. 1: Tap conductors shall have an ampacity 
sufficient for the load served. In addition, they shall have an 
ampacity of not less than 15 for circuits rated less than 40 
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amperes and not less than 20 for circuits rated at 40 or 50 
amperes and only where these tap conductors supply any of 
the following loads: 


(B) Conductor Protection. Conductors shall be protected 
in accordance with 240.4. Flexible cords and fixture wires 
shall be protected in accordance with 240.5. 


(a) Individual lampholders or luminaires with taps ex¬ 
tending not longer than 450 mm (18 in.) beyond any por¬ 
tion of the lampholder or luminaire. 

(b) A luminaire having tap conductors as provided in 
410.117. 

(c) Individual outlets, other than receptacle outlets, 
with taps not over 450 mm (18 in.) long. 

(d) Infrared lamp industrial heating appliances. 

(e) Nonheating leads of deicing and snow-melting 
cables and mats. 


(C) Equipment. The rating or setting of the overcurrent 
protective device shall not exceed that specified in the ap¬ 
plicable articles referenced in Table 240.3 for equipment. 

(D) Outlet Devices. The rating or setting shall not exceed 
that specified in 210.21 for outlet devices. 

210.21 Outlet Devices. Outlet devices shall have an am¬ 
pere rating that is not less than the load to be served and 
shall comply with 210.21(A) and (B). 


Exception No. 2: Fixture wires and flexible cords shall be 
permitted to be smaller than 14 AWG as permitted by 
240.5. 

(B) Branch Circuits Over 600 Volts. The ampacity of 
conductors shall be in accordance with 310.15 and 310.60, 
as applicable. Branch-circuit conductors over 600 volts 
shall be sized in accordance with 210.19(B)(1) or (B)(2). 

(1) General. The ampacity of branch-circuit conductors 
shall not be less than 125 percent of the designed potential 
load of utilization equipment that will be operated simulta¬ 
neously. 


(2) Supervised Installations. For supervised installations, 
branch-circuit conductor sizing shall be peri 
termined by qualified persons under engi 
sion. Supervised installations are defined as tfll tions 

of a facility where both of the following conditi met: 

(1) Conditions of design and installation ari 
der engineering supervise 

(2) Qualified persons with documented training and expe¬ 
rience in over 600-volt systems provide Ipiintenance, 
monitoring, and servicing of the s\a 

210.20 Overcurrent Protection. Branch-circuit conduc¬ 
tors and equipment shall be protected by overcurrent pro¬ 
tective devices that have a rating or setting that complies 
with 210.20(A) through (D). 



(A) Lampholders. Where connected to a branch circuit 
having a rating in excess of 20 amperes, lampholders shall 
be of the heavy^gity type. A heavy-duty lampholder shall 
have a rating of not kss than 660 watts if of the admedium 
type, or noh%ss than 750 watts if of any other type. 



ptacle on an Individual Branch Circuit. 

Iptacle installed on an individual branch circuit 
ampere rating not less than that of the branch 

A receptacle installed in accordance 


ception No. 2: A receptacle installed exclusively for the 
of a cord-and-plug-connected arc welder shall be per¬ 
iled to have an ampere rating not less than the minimum 
branch-circuit conductor ampacity determined by 
630.11(A) for arc welders. 

Informational Note: See the definition of receptacle in 
Article 100. 

(2) Total Cord-and-Plug-Connected Load. Where con¬ 
nected to a branch circuit supplying two or more recep¬ 
tacles or outlets, a receptacle shall not supply a total cord- 
and-plug-connected load in excess of the maximum 
specified in Table 210.21(B)(2). 

Table 210.21(B)(2) Maximum Cord-and-Plug-Connected 
Load to Receptacle 


(A) Continuous and Noncontinuous Loads. Where a 
branch circuit supplies continuous loads or any combina¬ 
tion of continuous and noncontinuous loads, the rating of 
the overcurrent device shall not be less than the noncon¬ 
tinuous load plus 125 percent of the continuous load. 

Exception: Where the assembly, including the overcurrent 
devices protecting the branch circuit(s), is listed for opera¬ 
tion at 100 percent of its rating, the ampere rating of the 
overcurrent device shall be permitted to be not less than the 
sum of the continuous load plus the noncontinuous load. 


Circuit Rating 

Receptacle Rating 

Maximum Load 

(Amperes) 

(Amperes) 

(Amperes) 

15 or 20 

15 

12 

20 

20 

16 

30 

30 

24 


(3) Receptacle Ratings. Where connected to a branch cir¬ 
cuit supplying two or more receptacles or outlets, recep¬ 
tacle ratings shall conform to the values listed in Table 
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210.21(B)(3), or, where rated higher than 50 amperes, the 
receptacle rating shall not be less than the branch-circuit 
rating. [ROP 2-137] 

Exception No. 1: Receptacles installed exclusively for the 
use of one or more cord-and plug-connected arc welders 
shall be permitted to have ampere ratings not less than the 
minimum branch-circuit conductor ampacity determined by 
630.11(A) or (B), for arc welders. [ROP 2-137] 

Exception No. 2: The ampere rating of a receptacle in¬ 
stalled for electric discharge lighting shall be permitted to 
be based on 410.62(C). [ROP 2-137] 


(2) Utilization Equipment Fastened in Place. The total 
rating of utilization equipment fastened in place, other than 
luminaires, shall not exceed 50 percent of the branch- 
circuit ampere rating where lighting units, cord-and-plug- 
connected utilization equipment not fastened in place, or 
both, are also supplied. 

(B) 30-Ampere Branch Circuits. A 30-ampere branch cir¬ 
cuit shall be permitted to supply fixed lighting units with 
heavy-duty lampholders in other than a dwelling unit(s) or 
utilization equipment in any occupancy. A rating of any one 
cord-and-plug-connected utilization equipment shall not 
exceed 80 percent of the branch-circuit ampere rating. 


Table 210.21(B)(3) Receptacle Ratings for Various Size 
Circuits 


Circuit Rating 
(Amperes) 

Receptacle Rating 
(Amperes) 

15 

Not over 15 

20 

15 or 20 

30 

30 

40 

40 or 50 

50 

50 



shall the load 

2-139] 


(4) Range Receptacle Rating. The ampere rating’ 
range receptacle shall be permitted to be based on a 
range demand load as specified in Table 22f>.S5K 

210.22 Permissible Loads, Individual Branch Circuits; 

An individual branch circuit shall b 
any load for which it is rated, but in no 
exceed the branch-circuit ampere 

Jr - 

210.23 Permissible Loads, Multiple-Outlet Branch Cir¬ 
cuits. In no case shall th!P load exceed the branch-circuit 
ampere rating. A branch circuit suppljm^^wo or more out¬ 
lets or receptacles shall supply only the loads specified 
according to its size as specified invlO.23(A) through (D) 
and as summarized in 210.24 and Table 210.24. [ROP 
2-141] 

(A) 15- and 20-Ampere Branch Circuits. A 15- or 20- 

ampere branch circuit shall be permitted to supply lighting 
units or other utilization equipment, or a combination of 
both, and shall comply with 210.23(A)(1) and (A)(2). 

Exception: The small-appliance branch circuits, laundry 
branch circuits, and bathroom branch circuits required in a 
dwelling unit(s) by 210.11(C)(1), (C)(2), and (C)(3) shall 
supply only the receptacle outlets specified in that section. 

(1) Cord-and-Plug-Connected Equipment Not Fastened 
in Place. The rating of any one cord-and-plug-connected 
utilization equipment not fastened in place shall not exceed 
80 percent of the branch-circuit ampere rating. 



(C) 40- and 50-Ampere Branch Circuits. A 40- or 50- 

ampere branchyircuit shall be permitted to supply cooking 
appliancesjfoat are fastened in place in any occupancy. In 
other thaliftielling units, such circuits shall be permitted to 
supply fixed lighting units with heavy-duty lampholders, 
infrared heating 1 u^ts, or other utilization equipment. 

ch Circuit Larger Than 50 Amperes. Branch 
arger than 50 amperes shall supply only nonlight- 
tlet loads. 

ranch-Circuit Requirements — Summary. The 

ments for circuits that have two or more outlets or 
facies, other than the receptacle circuits of 
210.11(C)(1), (C)(2), and (C)(3), are summarized in Table 
210.24. This table provides only a summary of minimum 
requirements. See 210.19, 210.20, and 210.21 for the spe¬ 
cific requirements applying to branch circuits. 

210.25 Branch Circuits in Buildings with More Than 
One Occupancy. 

(A) Dwelling Unit Branch Circuits. Branch circuits in 
each dwelling unit shall supply only loads within that 
dwelling unit or loads associated only with that dwelling 
unit. 

(B) Common Area Branch Circuits. Branch circuits in¬ 
stalled for the purpose of lighting, central alarm, signal, 
communications, or other purposes for public or common 
areas of a two-family dwelling, a multifamily dwelling, or a 
multi-occupancy building shall not be supplied from equip¬ 
ment that supplies an individual dwelling unit or tenant 
space. 

III. Required Outlets 

210.50 General. Receptacle outlets shall be installed as 
specified in 210.52 through 210.64. [ROP 2-143] 

Informational Note: See Informative Annex J for informa¬ 
tion regarding ADA accessibility design. [ROP 2-143a] 
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Table 210.24 Summary of Branch-Circuit Requirements 


Circuit Rating 

15 A 

20 A 

30 A 

40 A 

50 A 

Conductors (min. size): 






Circuit wires 1 

14 

12 

10 

8 

6 

Taps 

Fixture wires and cords 

14 

14 

14 

12 

12 

— see 240.5 






Overcurrent 






Protection 

15 A 

20 A 

30 A 

40 A 

50 A 

Outlet devices: 






Lampholders 

permitted 

Any type 

Any type 

Heavy duty 

Heavy duty 

Heavy duty 

Receptacle rating 2 

15 max. A 

15 or 20 A 

30 A 

40 or 50 A 

50 A 

Maximum Load 

15 A 

20 A 

30 A 

40 A 

50 A 

Permissible load 

See 210.23(A) 

See 210.23(A) 

See 210.23(I^| ^ See 210.23(C) 

See 210.23(C) 


'These gauges are for copper conductors. 

2 For receptacle rating of cord-connected electric-discharge luminaires, see 410.62(C 


(A) Cord Pendants. A cord connector that is supplied by a 
permanently connected cord pendant shall be considered a 
receptacle outlet. 

(B) Cord Connections. A receptacle outlet shall be in¬ 
stalled wherever flexible cords with attachment plugs are 
used. Where flexible cords are permitted to be 
connected, receptacles shall be permitted to be 
such cords. 

(C) Appliance Receptacle Outlets. Appli; 
outlets installed in a dwelling unit foi's pe cific 
such as laundry equipment, shall bjpftgnB 
(6 ft) of the intended location of tne appliance, 

210.52 Dwelling Unit Receptacle Outlets. This section 
provides requirements for 125-volt3^and 20-ampere re¬ 
ceptacle outlets. The receptacles required by this section 
shall be in addition to any receptacle thar 

(1) Part of a luminaire or appliance, or 

(2) Controlled by a wall switch in accordance with 
210.70(A)(1), Exception No. 1, or 

(3) Located within cabinets or cupboards, or 

(4) Located more than 1.7 m (5'/2 ft) above the floor 

Permanently installed electric baseboard heaters 
equipped with factory-installed receptacle outlets or outlets 
provided as a separate assembly by the manufacturer shall 
be permitted as the required outlet or outlets for the wall 
space utilized by such permanently installed heaters. Such 
receptacle outlets shall not be connected to the heater cir¬ 
cuits. 

Informational Note: Listed baseboard heaters include in¬ 
structions that may not permit their installation below re¬ 
ceptacle outlets. 




(A) General Provisions. In every kitchen, family room, 
dining roaWrliving room, parlor, library, den, sunroom, 
bedroon iKre creation room, or similar room or area of 

receptacle outlets shall be installed in accor- 
eneral provisions specified in 210.52(A)(1) 
4). [ROP 2-147] 

Spacing. Receptacles shall be installed such that no 
nt measured horizontally along the floor line of any wall 
is more than 1.8 m (6 ft) from a receptacle outlet. 

(2) Wall Space. As used in this section, a wall space shall 
include the following: 

(1) Any space 600 mm (2 ft) or more in width (including 
space measured around corners) and unbroken along 
the floor line by doorways and similar openings, fire¬ 
places, and fixed cabinets 

(2) The space occupied by fixed panels in exterior walls, 
excluding sliding panels 

(3) The space afforded by fixed room dividers, such as 
freestanding bar-type counters or railings 

(3) Floor Receptacles. Receptacle outlets in floors shall 
not be counted as part of the required number of receptacle 
outlets unless located within 450 mm (18 in.) of the wall. 

(4) Countertop Receptacles. Receptacles installed for 
countertop surfaces as specified in 210.52(C) shall not be 
considered as the receptacles required by 210.52(A). 

(B) Small Appliances. 

(1) Receptacle Outlets Served. In the kitchen, pantry, 
breakfast room, dining room, or similar area of a dwelling 
unit, the two or more 20-ampere small-appliance branch 
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circuits required by 210.11(C)(1) shall serve all wall and 
floor receptacle outlets covered by 210.52(A), all counter- 
top outlets covered by 210.52(C), and receptacle outlets for 
refrigeration equipment. 

Exception No. 1: In addition to the required receptacles 
specified by 210.52, switched receptacles supplied from a 
general-purpose branch circuit as defined in 210.70(A)(1), 
Exception No. 1, shall be permitted. 

Exception No. 2: The receptacle outlet for refrigeration 
equipment shall be permitted to be supplied from an indi¬ 
vidual branch circuit rated 15 amperes or greater. 

(2) No Other Outlets. The two or more small-appliance 
branch circuits specified in 210.52(B)(1) shall have no 
other outlets. 

Exception No. 1: A receptacle installed solely for the elec¬ 
trical supply to and support of an electric clock in any of 
the rooms specified in 210.52(B)(1). 

Exception No. 2: Receptacles installed to provide power 
for supplemental equipment and lighting on gas-fired 
ranges, ovens, or counter-mounted cooking units. 


, _Outlet within 

1 600 mm (24 in. 


Space exempt from wall 
line if X< 300 mm (12 in.) 


(3) Kitchen Receptacle Requirements. Receptac 
stalled in a kitchen to serve countertop surfaces si 
supplied by not fewer than two small-appliance brand 
cuits, either or both of which shall also Ijp-^pprmittei 
supply receptacle outlets in the same kitchen and in 
rooms specified in 210.52(B)(l).a Additional smal 
appliance branch circuits shall be permitted to supply re¬ 
ceptacle outlets in the kitchen and other roomKspecitieaTn 
210.52(B)(1). No small-appliance branch circuit shall serve 
more than one kitchen. 


(C) Countertops. In kiti 
dining rooms, and similar a! 
tacle outlets for countertop spafssfs 
cordance with 210.52(C)(1) throu; 



Ireakfast rooms, 
ng units, recep- 
e installed in ac- 
r C)(5). 


(1) Wall Countertop Spaces. A receptacle outlet shall be 
installed at each wall countertop space that is 300 mm 
(12 in.) or wider. Receptacle outlets shall be installed so 
that no point along the wall line is more than 600 mm 
(24 in.) measured horizontally from a receptacle outlet in 
that space. 

Exception: Receptacle outlets shall not be required on a 
wall directly behind a range, counter-mounted cooking 
unit, or sink in the installation described in Figure 
210.52(C)(1). 

(2) Island Countertop Spaces. At least one receptacle 
shall be installed at each island countertop space with a 
long dimension of 600 mm (24 in.) or greater and a short 
dimension of 300 mm (12 in.) or greater. 



Range, counter-mounted cooking unit extending 
from face of counter 


Space exempt from wall line 
if X<450 mm (18 in.) 



Range, counter-mounted cooking unit mounted in corner 

Figure 210.52(C)(1) Determination of Area Behind a Range, 
or Counter-Mounted Cooking Unit or Sink. 


(3) Peninsular Countertop Spaces. At least one recep¬ 
tacle outlet shall be installed at each peninsular countertop 
space with a long dimension of 600 mm (24 in.) or greater 
and a short dimension of 300 mm (12 in.) or greater. A 
peninsular countertop is measured from the connecting 
edge. 

(4) Separate Spaces. Countertop spaces separated by 
rangetops, refrigerators, or sinks shall be considered as 
separate countertop spaces in applying the requirements of 
210.52(C)(1). If a range, counter-mounted cooking unit, or 
sink is installed in an island or peninsular countertop and 
the depth of the countertop behind the range, counter- 
mounted cooking unit, or sink is less than 300 mm (12 in.), 
the range, counter-mounted cooking unit, or sink shall be 
considered to divide the countertop space into two separate 
countertop spaces. Each separate countertop space shall 
comply with the applicable requirements in 210.52(C). 
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(5) Receptacle Outlet Location. Receptacle outlets shall 
be located on or above, but not more than 500 mm (20 in.) 
above, the countertop. Receptacle outlet assemblies listed 
for the application shall be permitted to be installed in 
countertops. Receptacle outlets rendered not readily acces¬ 
sible by appliances fastened in place, appliance garages, 
sinks, or rangetops as covered in 210.52(C)(1), Exception, 
or appliances occupying dedicated space shall not be con¬ 
sidered as these required outlets. 


sible from grade and not more than 2.0 m ( 6 V 2 ft) above 
grade level shall be installed. [ROP 2-169] 

(3) Balconies, Decks, and Porches. Balconies, decks and 
porches that are attached to the dwelling unit and are ac¬ 
cessible from inside the dwelling shall have at least one 
receptacle outlet accessible from balcony, deck, or porch. 
The receptacle outlet shall not be located more than 2 m 
( 6 V 2 ft) above the balcony, deck, or porch walking surface. 
[ROP 2-169] 


Informational Note: See 406.5(E) for requirements for in¬ 
stallation of receptacles in countertops. 

Exception to (5): To comply with the conditions specified in 
(1) or (2), receptacle outlets shall be permitted to be 
mounted not more than 300 mm (12 in.) below the counter¬ 
top. Receptacles mounted below a countertop in accor¬ 
dance with this exception shall not be located where the 
countertop extends more than 150 mm (6 in.) beyond its 
support base. 


(1) Construction for the physically impaired 

(2) On island and peninsular countertops where the coun¬ 
tertop is flat across its entire surface (no backsplashes, 
dividers, etc.) and there are no means to mount a re 
ceptacle within 500 mm (20 in.) above the countertop, 
such as an overhead cabinet 


(F) Laundry Areas. In dwelling units, at least one recep¬ 
tacle outlet shall be installed in areas designated for the 
installation of laundry equipment. [ROP 2-177] 


Exception No. 1: 
not be required ii 
where laundry 
use by all 
Exception 
not 

laundry facilities 

2 - 


A receptacle for laundry equipment shall 
elling unit of a multifamily building 
ies are provided on the premises for 
£cupants. [ROP 2-178] 

tacle for laundry equipment shall 
an one-family dwellings where 
are not to be installed or permitted. [ROP 


(D) Bathrooms. In dwelling units, at least 
outlet shall be installed in bathrooms within 
of the outside edge of each basin. The ri 
shall be located on a wall or partition that is 
basin or basin countertop, located on the coi? 


installed on the side or face of thi 
shall the receptacle be located 
below the top of the basin. Reci 
listed for the application shall be 
in the countertop. [ROP 2-166] 

Informational Note: See 406.5(E) for req: 
stallation of receptacles in countertops. 



in cabinet. In no^ase 
e than 300 mm (Own.) 
acle outletfassemblies 



installed 


merits for in- 


(E) Outdoor Outlets. Outdoor receptacle outlets shall be 
installed in accordance with (E)(1) through (E)(3). 
Informational Note: See 210.8(A)(3). [ROP 2-168] 


(G) Basements, Garages, and Accessory Buildings. For 

a one-family dwelling, at least one receptacle outlet shall be 
stalled in the following specified areas. These receptacles 
shall be in addition to receptacles required for specific 
_„ipment. [ROP 2-178a] 

acle 

®t) (1) Garages. In each attached garage and in each detached 

utlet garage with electric power. The branch circuit supplying 
^T^^Pfhis receptacle(s) shall not supply outlets outside of the 
garage. [ROP 2-178a, ROP 2-180] 

(2) Accessory Buildings. In each accessory building with 
electric power. [ROP 2-178a] 

(3) Basements. In each separate unfinished portion of a 
basement. [ROP 2-178a] 

(H) Hallways. In dwelling units, hallways of 3.0 m (TO ft) 
or more in length shall have at least one receptacle outlet. 

As used in this subsection, the hallway length shall be 
considered the length along the centerline of the hallway 
without passing through a doorway. 


(1) One-Family and Two-Family Dwellings. For a one- 
family dwelling and each unit of a two-family dwelling that 
is at grade level, at least one receptacle outlet readily ac¬ 
cessible from grade and not more than 2.0 m (6 V 2 ft) above 
grade level shall be installed at the front and back of the 
dwelling. [ROP 2-169] 


(I) Foyers. Foyers that are not part of a hallway in accor¬ 
dance with 210.52(H) and that have an area that is greater 
than 5.6 m 2 (60 ft 2 ) shall have a receptacle(s) located in 
each wall space 900 mm (3 ft) or more in width. Doorways, 
door-side windows that extend to the floor, and similar 
openings shall not be considered wall space. [ROP 2-185] 


(2) Multifamily Dwellings. For each dwelling unit of a 
multifamily dwelling where the dwelling unit is located at 
grade level and provided with individual exterior 
entrance/egress, at least one receptacle outlet readily acces¬ 


210.60 Guest Rooms, Guest Suites, Dormitories, and 
Similar Occupancies. 

(A) General. Guest rooms or guest suites in hotels, motels, 
sleeping rooms in dormitories, and similar occupancies 
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shall have receptacle outlets installed in accordance with 
210.52(A) and (D). Guest rooms or guest suites provided 
with permanent provisions for cooking shall have recep¬ 
tacle outlets installed in accordance with all of the appli¬ 
cable rules in 210.52. 

(B) Receptacle Placement. In applying the provisions of 
210.52(A), the total number of receptacle outlets shall not 
be less than the minimum number that would comply with 
the provisions of that section. These receptacle outlets shall 
be permitted to be located conveniently for permanent fur¬ 
niture layout. At least two receptacle outlets shall be readily 
accessible. Where receptacles are installed behind the bed, 
the receptacle shall be located to prevent the bed from 
contacting any attachment plug that may be installed or the 
receptacle shall be provided with a suitable guard. 

210.62 Show Windows. At least one 125-volt, single¬ 
phase, 15- or 20-ampere-rated receptacle outlet shall be 
installed within 450 mm (18 in.) of the top of a show 
window for each 3.7 linear m (12 linear ft) or major frac¬ 
tion thereof of show window area measured horizontally at 
its maximum width. [ROP 2-187] 

210.63 Heating, Air-Conditioning, and Refrigeration 
Equipment Outlet. A 125-volt, single-phase, 15- ‘ 
ampere-rated receptacle outlet shall be installed at aJBac- 
cessible location for the servicing of heating, 
conditioning, and refrigeration equipment. The receptacle 
shall be located on the same level and within 7.5 m (25 
of the heating, air-conditioning, and refrigeration equip¬ 
ment. The receptacle outlet shall not 
load side of the equipment dis 

Informational Note: SeeJlf0.8 for ground-! :ircuit- 

interrupter requirements. [ROP 2-190a] 


Exception: A receptacle in 
one- and two-family dwellin, 
tive coolers. 



t be required at 
vice of evapora- 


Exception No. 1: In other than kitchens and bathrooms, 
one or more receptacles controlled by a wall switch shall 
be permitted in lieu of lighting outlets. 

Exception No. 2: Lighting outlets shall be permitted to be 
controlled by occupancy sensors that are (1) in addition to 
wall switches or (2) located at a customary wall switch 
location and equipped with a manual override that will 
allow the sensor to function as a wall switch. 

(2) Additional Locations. Additional lighting outlets shall 
be installed in accordance with (A)(2)(a), (A)(2)(b), and 
(A)(2)(c). 

(a) At least one wall switch-controlled lighting outlet 
shall be installed in hallways, stairways, attached garages, 
and detached garages with electric power. 

(b) For dwelling units, attached garages, and detached 
garages .with electric power, at least one wall switch- 
controlled lighting outlet shall be installed to provide illu¬ 
mination on tries exterior side of outdoor entrances or exits 

i grade level access. A vehicle door in a garage shall not 
Be considered as an mitdoor entrance or exit. 

/here one or more lighting outlet(s) are installed 
Tterior stairways, there shall be a wall switch at each 
fkforffcvel, and landing level that includes an entryway, to 
contractile lighting outlet(s) where the stairway between 
levels has six risers or more. 

Exception to (A)(2)(a), (A)(2)(b), and (A)(2)(c): In hall¬ 
ways, in stairways, and at outdoor entrances, remote, cen¬ 
tral, or automatic control of lighting shall be permitted. 

(3) Storage or Equipment Spaces. For attics, underfloor 
spaces, utility rooms, and basements, at least one lighting 
outlet containing a switch or controlled by a wall switch 
shall be installed where these spaces are used for storage or 
contain equipment requiring servicing. At least one point of 
control shall be at the usual point of entry to these spaces. 
The lighting outlet shall be provided at or near the equip¬ 
ment requiring servicing. 


210.64 Electrical Service Areas. At least one 125 volt 
single phase 15 or 20 ampere rated receptacle outlet shall 
be installed within 15 m (50 ft) of the electrical service 
equipment. [ROP 2-191] 

Exception: The receptacle outlet shall not be required to 
be installed in one and two family dwellings. [ROP 2-191] 

210.70 Lighting Outlets Required. Lighting outlets shall 
be installed where specified in 210.70(A), (B), and (C). 

(A) Dwelling Units. In dwelling units, lighting outlets 
shall be installed in accordance with 210.70(A)(1), (A)(2), 
and (A)(3). 

(1) Habitable Rooms. At least one wall switch-controlled 
lighting outlet shall be installed in every habitable room 
and bathroom. 


(B) Guest Rooms or Guest Suites. In hotels, motels, or 
similar occupancies, guest rooms or guest suites shall have 
at least one wall switch-controlled lighting outlet installed 
in every habitable room and bathroom. 

Exception No. I: In other than bathrooms and kitchens 
where provided, one or more receptacles controlled by a 
wall switch shall be permitted in lieu of lighting outlets. 

Exception No. 2: Lighting outlets shall be permitted to be 
controlled by occupancy sensors that are (1) in addition to 
wall switches or (2) located at a customary wall switch 
location and equipped with a manual override that allows 
the sensor to function as a wall switch. 

(C) Other Than Dwelling Units. For attics and underfloor 
spaces containing equipment requiring servicing, such as 
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heating, air-conditioning, and refrigeration equipment, at 
least one lighting outlet containing a switch or controlled 
by a wall switch shall be installed in such spaces. At least 
one point of control shall be at the usual point of entry to 
these spaces. The lighting outlet shall be provided at or 
near the equipment requiring servicing. 


Exception No. 2: Feeder conductors that are not termi¬ 
nated at either end except as permitted in 110.14(C)(2) 
shall be permitted to have an allowable ampacity, after the 
application of any required adjustment or correction fac¬ 
tors, not less than the sum of the continuous load plus the 
noncontinuous load. This exception shall not apply within 
1.2 m (4 ft) of an overcurrent device. [ROP 2-202] 


ARTICLE 215 
Feeders 


215.1 Scope. This article covers the installation require¬ 
ments, overcurrent protection requirements, minimum size, 
and ampacity of conductors for feeders supplying branch- 
circuit loads. 

Exception: Feeders for electrolytic cells as covered in 
668.3(C)(1) and (C)(4). 

215.2 Minimum Rating and Size. 

(A) Feeders Not More Than 600 Volts. 

(1) General. Feeder conductors shall have an ampacity no 
less than required to supply the load as calculated in Parts 
III, IV, and V of Article 220. Conductors shall be sized to 
carry not less than the larger of (a) or (b). 

(a) Where a feeder supplies continuou 
combination of continuous and noncontinuc 
minimum feeder conductor size shall have 
ampacity not less than the noncontini 
125 percent of the continuous load. [ROP 

(b) The minimum feeder conductor size 
allowable ampacity not less than the maximui 
served after the application of any adjustment 
factors. [ROP 2-201] 



11 haVE an 
load to be 
correction 


Informational Note No. 1: See Examples D1 through 
Dll in Informative Annex D. [ROP 2-204a] 

Informational Note No. 2: Conductors for feeders as de¬ 
fined in Article 100, sized to prevent a voltage drop exceed¬ 
ing 3 percent at the farthest outlet of power, heating, and 
lighting loads, or combinations of such loads, and where 
the maximum total voltage drop on both feeders and branch 
circuits to the farthest outlet does not exceed 5 percent, will 
provide reasonable efficiency of operation. [ROP 2-204a] 

Informational Note No. 3: See 210.19(A), Informational 
Note No. 4, for voltage drop for branch circuits. [ROP 
2-204a] 


Exception No. 3: Grounded conductors that are not con¬ 
nected to an overcurrent device shall be permitted to be 
sized at 100 percent of the continuous and noncontinuous 

load. [ROP 2-202] 

(2) Grounded Conductor. The size of the feeder circuit 
grounded conductor shall not be smaller than that required 
by 250.122, except that 250.122(F) shall not apply where 
grounded conductor^ are run in parallel. 

Additional minimum sizes shall be as specified in 
215.2(A)(2) and (Atf3) under the conditions stipulated. 

(3) Am parity Relative to Service Conductors. The 

feeder conauctor ampacity shall not be less than that of the 
serGce ''conductors where the feeder conductors carry the 
total load stapled by service conductors with an ampacity 
of 55 aigy^rcs or less. 

[ROP 2-204b] 

ders over 600 Volts. The ampacity of conductors 
n accordance with 310.15 and 310.60 as appli- 
le. Where installed, the size of the feeder-circuit 
ounded conductor shall not be smaller than that required 
250.122, except that 250.122(F) shall not apply where 
founded conductors are run in parallel. Feeder conductors 
over 600 volts shall be sized in accordance with 
215.2(B)(1), (B)(2), or (B)(3). 

(1) Feeders Supplying Transformers. The ampacity of 
feeder conductors shall not be less than the sum of the 
nameplate ratings of the transformers supplied when only 
transformers are supplied. 

(2) Feeders Supplying Transformers and Utilization 
Equipment. The ampacity of feeders supplying a combina¬ 
tion of transformers and utilization equipment shall not be 
less than the sum of the nameplate ratings of the transform¬ 
ers and 125 percent of the designed potential load of the 
utilization equipment that will be operated simultaneously. 

(3) Supervised Installations. For supervised installations, 
feeder conductor sizing shall be permitted to be determined 
by qualified persons under engineering supervision. Super¬ 
vised installations are defined as those portions of a facility 
where all of the following conditions are met: 



Exception No. 1: If the assembly, including the overcur¬ 
rent devices protecting the feeder(s), is listed for operation 
at 100 percent of its rating, the allowable ampacity of the 
feeder conductors shall be permitted to be not less than the 
sum of the continuous load plus the noncontinuous load. 


(1) Conditions of design and installation are provided un¬ 
der engineering supervision. 

(2) Qualified persons with documented training and expe¬ 
rience in over 600-volt systems provide maintenance, 
monitoring, and servicing of the system. 
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215.3 Overcurrent Protection. Feeders shall be protected 
against overcurrent in accordance with the provisions of 
Part I of Article 240. Where a feeder supplies continuous 
loads or any combination of continuous and noncontinuous 
loads, the rating of the overcurrent device shall not be less 
than the noncontinuous load plus 125 percent of the con¬ 
tinuous load. 

Exception No. 1: Where the assembly, including the over¬ 
current devices protecting the feeder(s), is listed for opera¬ 
tion at 100 percent of its rating, the ampere rating of the 
overcurrent device shall be permitted to be not less than the 
sum of the continuous load plus the noncontinuous load. 


215.9 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Feeders supplying 15- and 20-ampere recep¬ 
tacle branch circuits shall be permitted to be protected by a 
ground-fault circuit interrupter in lieu of the provisions for 
such interrupters as specified in 210.8 and 590.6(A). 

215.10 Ground-Fault Protection of Equipment. Each 
feeder disconnect rated 1000 amperes or more and installed 
on solidly grounded wye electrical systems of more than 
150 volts to ground, but not exceeding 600 volts phase-to- 
phase, shall be provided with ground-fault protection of 
equipment in accordance with the provisions of 230.95. 


Exception No. 2: Overcurrent protection for feeders over 
600 volts, nominal, shall comply with Part IX of Article 
240. 

215.4 Feeders with Common Neutral Conductor. 

(A) Feeders with Common Neutral. Up to three sets of 
3-wire feeders or two sets of 4-wire or 5-wire feeders shall 
be permitted to utilize a common neutral. 

(B) In Metal Raceway or Enclosure. Where installedjn a 

metal raceway or other metal enclosure, all condu< 
all feeders using a common neutral conductor shall 
closed within the same raceway or other enclosure 
quired in 300.20. 

215.5 Diagrams of Feeders. If required by the 
having jurisdiction, a diagram showing feeder detai 
be provided prior to the installation of the feeders. Such a 
diagram shall show the areaTJ^iquare feet of the building 
or other structure supplied by each feeder, the total calcu¬ 
lated load before applying demand factors, the demand fac¬ 
tors used, the calculated load after applying demand fac 
tors, and the size and type of conduc tors'to be used. 

215.6 Feeder Equipment Grounding Conductor. Where 
a feeder supplies branch circuits in which equipment 
grounding conductors are required, the feeder shall include 
or provide an equipment grounding conductor in accor¬ 
dance with the provisions of 250.134, to which the equip¬ 
ment grounding conductors of the branch circuits shall be 
connected. Where the feeder supplies a separate building or 
structure, the requirements of 250.32(B) shall apply. 



Informational Note: For buildings that contain health care 
occupancies, see the requirements of 517.17. 

Exception NMfl: The provisions of this section shall not 
apply to a disconnecting means for a continuous industrial 
process where a nonorderly shutdown will introduce addi- 
tiotMior increaud hazards. 

ception No. 2: ^Uske, provisions of this section shall not 
'apply idbround-fault protection of equipmen t is provided on 
<ply side of the feeder and on the load side of any 
c ormer supplying the feeder. 


5.11 Circuits Derived from Autotransformers. Feed- 
11 not be derived from autotransformers unless the 
system supplied has a grounded conductor that is electri¬ 
cally connected to a grounded conductor of the system sup¬ 
plying the autotransformer. 

Exception No. 1: An autotransformer shall be permitted 
without the connection to a grounded conductor where 
transforming from a nominal 208 volts to a nominal 240- 
volt supply or similarly from 240 volts to 208 volts. 

Exception No. 2: In industrial occupancies, where condi¬ 
tions of maintenance and supervision ensure that only 
qualified persons service the installation, autotransformers 
shall be permitted to supply nominal 600-volt loads from 
nominal 480-volt systems, and 480-volt loads from nominal 
600-volt systems, without the connection to a similar 
grounded conductor. 

215.12 Identification for Feeders. 

(A) Grounded Conductor. The grounded conductor of a 
feeder shall be identified in accordance with 200.6. 


215.7 Ungrounded Conductors Tapped from Grounded 
Systems. Two-wire dc circuits and ac circuits of two or 
more ungrounded conductors shall be permitted to be 
tapped from the ungrounded conductors of circuits having a 
grounded neutral conductor. Switching devices in each 
tapped circuit shall have a pole in each ungrounded con¬ 
ductor. 


(B) Equipment Grounding Conductor. The equipment 
grounding conductor shall be identified in accordance with 
250.119. 

(C) Ungrounded Conductors. Ungrounded conductors 
shall be identified in accordance with 215.12(C)(1), and 
(2), as applicable. [ROP 2-217] 
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(1) Feeders Supplied From More Than One Nominal 
Voltage System. Where the premises wiring system has 
feeders supplied from more than one nominal voltage sys¬ 
tem, each ungrounded conductor of a feeder shall be iden¬ 
tified by phase or line and system at all termination, con¬ 
nection, and splice points in compliance with 
215.12(C)(1)(a) and (b). [ROP 2-217] 


(2) A continuous black stripe durably marked along the 
conductor’s entire length on insulation of a color other 
than green, white, gray, or red. [ROP 2-217] 

(3) Imprinted minus signs or the word “NEGATIVE” 
or “NEG” durably marked on insulation of a color 
other than green, white, gray, or red, and repeated at 
intervals not exceeding 610 mm (24 in.) in accordance 
with 310.120(B). [ROP 2-217] 


(a) Means of Identification. The means of identifica¬ 
tion shall be permitted to be by separate color coding, 
marking tape, tagging, or other approved means. [ROP 

2-217] 

(b) Posting of Identification Means. The method uti¬ 
lized for conductors originating within each feeder panel- 
board or similar feeder distribution equipment shall be 
documented in a manner that is readily available or shall be 
permanently posted at each feeder panelboard or similar 
feeder distribution equipment. [ROP 2-217] 

(2) Feeders Supplied From Direct Current Systems. 

Where a feeder is supplied from a dc system operating at 
more than 60 volts, each ungrounded conductor of 4 AWG 
or larger shall be identified by polarity at all termination, 
connection, and splice points by marking tape, tagging, or 
other approved means; each ungrounded conductor of 
AWG or smaller shall be identified by polarity at all term! 
nation, connection, and splice points in compliance with 
215.12(C)(2)(a) and (b). The identification methods utilized 
for conductors originating within each feeder panel boart pr 
similar feeder distribution equipment shall be documof id 
in a manner that is readily available or shall be ner 
posted at each feeder panelboard or shqdar feeder ribu 
tion equipment. [ROP 2-217] 

(a) Positive Polarity, SizeG/5 AWG or smaller, Where 
the positive polarity of a dc system does not serve as the 
connection for the grounded conductor, each positive un¬ 
grounded conductor shall be identified by one of the fol¬ 
lowing means: [ROP 2-217] 

(1) A continuous red outer finish. [ROP 2-217] 

(2) A continuous red stripe durably marked along the con¬ 
ductor’s entire length on insulation of a color other 
than green, white, gray, or black. [ROP 2-217] 

(3) Imprinted plus signs “+” or the word “POSITIVE” or 
“POS” durably marked on insulation of a color other 
than green, white, gray, or black, and repeated at inter¬ 
vals not exceeding 610 mm (24 in.) in accordance with 
310.120(B). [ROP 2-217] 

(b) Negative Polarity, Sizes 6 AWG or smaller. Where 
the negative polarity of a dc system does not serve as the 
connection for the grounded conductor, each negative un¬ 
grounded conductor shall be identified by one of the fol¬ 
lowing means: [ROP 2-217] 

(1) A continuous black outer finish. [ROP 2-217] 


ARTICLE 220 

Branch-Circuit, Feeder, and Service 
Calculations 


I. General 





provides requirements for calcu- 
h-circuit, feeder, and service loads. Part I pro- 
1 requirements for calculation methods. Part 
ulation methods for branch-circuit loads. 
IV provide calculation methods for feeders 
Part V provides calculation methods for 


al Note: See Figure 220.1 for information on 
Tzation of Article 220. 


Part I General 


Part II Branch-circuit load calculations 


Part III 
Feeder and 
service load 
calculations 


220.61 

Neutral 

Loads 


Part IV 
Optional 
feeder and 
service load 
calculations 


Farm dwellings 
only 


Farm dwellings 
only 


Part V Farm load calculations 


Figure 220.1 Branch-Circuit, Feeder, and Service Calculation 
Methods. 


220.3 Application of Other Articles. In other articles ap¬ 
plying to the calculation of loads in specialized applica¬ 
tions, there are requirements provided in Table 220.3 that 
are in addition to, or modifications of, those within this 
article. 
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Table 220.3 Additional Load Calculation References 


Calculation 

Article 

Section (or Part) 

Air-conditioning and refrigerating equipment. 

440 

Part IV 

branch-circuit conductor sizing 



Cranes and hoists, rating and size of conductors 

610 

610.14 

Electric vehicle charging system branch circuit 

625 

625.14 [ROP 2-219] 

and feeder calculations 



Electric welders, ampacity calculations 

630 

630.11, 630.31 

Electrically driven or controlled irrigation 

675 

675.7(A), 675.22(A) 

machines 



Electrified truck parking space 

626 


Electrolytic cell lines 

668 

668.3(C) 

Electroplating, branch-circuit conductor sizing 

669 

669.5 

Elevator feeder demand factors 

620 

620.14 

Fire pumps, voltage drop (mandatory calculation) 

695 

695.7 

Fixed electric heating equipment for pipelines and 

427 ^ 

427.4 

vessels, branch-circuit sizing 



Fixed electric space-heating equipment, 

424 

424.3 

branch-circuit sizing 



Fixed outdoor electric deicing and snow-melting 

42 6 

426.4 

equipment, branch-circuit sizing 



Industrial machinery, supply conductor sizing 

670 ^ 

670.4(A) 

Marinas and boatyards, feeder and service load 

^ 555 . 

555.12 

calculations 



Mobile homes, manufactured homes, and mobile 

T550 / 

550.18(B) 

home parks, total load for determining power 
supply 



Mobile homes, manufactured homes, and mobile 


550.31 

home parks, allowable demand factors for park 
electrical wiring systems 

k V/V 


Motion picture and television studios and similar 


530.19 

locations - sizing of feeder conductors 
television studio sets 



Motors, feeder demand factor * 

430 

430.26 

Motors, multimotor and combination-load 

430 

430.25 

equipment 



Motors, several motors or a motor(s) and other 

k 430 

430.24 

load(s) ^ 



Over 600-volt branch-circuit calculations 

210 

210.19(B) 

Over 600-volt feeder calculations^ 

215 

215.2(B) 

Phase converters, conductors 

455 

455.6 

Recreational vehicle parks, basis of calculations 

551 

551.73(A) 

Sensitive electrical equipment, voltage drop 

647 

647.4(D) 

(mandatory calculation) 



Solar photovoltaic systems, circuit sizing and 

690 

690.8 

current 



Storage-type water heaters 

422 

422.11(E) 

Theaters, stage switchboard feeders 

520 

520.27 


220.5 Calculations. 

(A) Voltages. Unless other voltages are specified, for pur¬ 
poses of calculating branch-circuit and feeder loads, nomi¬ 
nal system voltages of 120, 120/240, 208Y/120, 240, 347, 
480Y/277, 480, 600Y/347, and 600 volts shall be used. 

(B) Fractions of an Ampere. Calculations shall be permit¬ 
ted to be rounded to the nearest whole ampere, with deci¬ 
mal fractions smaller than 0.5 dropped. 


II. Branch-Circuit Load Calculations 

220.10 General. Branch-circuit loads shall be calculated 
as shown in 220.12, 220.14, and 220.16. 

220.12 Lighting Load for Specified Occupancies. A unit 
load of not less than that specified in Table 220.12 for 
occupancies specified therein shall constitute the minimum 
lighting load. The floor area for each floor shall be calcu¬ 
lated from the outside dimensions of the building, dwelling 
unit, or other area involved. For dwelling units, the calcu- 
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lated floor area shall not include open porches, garages, or 
unused or unfinished spaces not adaptable for future use. 

Informational Note: The unit values herein are based on 
minimum load conditions and 100 percent power factor and 
may not provide sufficient capacity for the installation 
contemplated. 

Exception: Where the building is designed cind con¬ 

structed to comply with an energy code adopted by the 
local authority, the lighting load shall be permitted to be 
calculated at the values specified in the energy code where 
the following conditions are met: [ROP 2-228] 


(1) A power monitoring system is installed that will pro¬ 
vide continuous information regarding the total general 
lighting load of the building. [ROP 2-228] 

(2) The power monitoring system will be set with alarm 
values alert the building owner or manager if the light¬ 
ing load exceeds the values set by the energy code. 
[ROP 2-228] 

(3) The demand factors specified in 220.42 are not applied 
to the general lighting load. [ROP 2-228] 

220.14 Other Loads — All Occupancies. In all occupan¬ 
cies, the minimum load for each outlet for general-use re- 1 
ceptacles and outlets not used for general illumination shall 
not be less than that calculated in 220.14(A) through (L), 
the loads shown being based on nominal bran^Kantuit 
voltages. 

Exception: The loads of outlets serving s 
switching frames in telephone exchanges 
from the calculations. 


Table 220.12 General Lighting Loads by Occupancy 


(A) Specific Appliances or L 

appliance or other load not co 
(L) shall be calculated based on 
appliance or load served. 



a specific 
Bj) through 
Ing of the 


(B) Electric Clothes Dryers in Dwelling Units and Elec¬ 
tric Cooking Appliances in Dwelling Units and House¬ 
hold Cooking Appliances used in Instructional Pro¬ 
grams. Load calculations shall be permitted as specified in 
220.54 for electric dryers and in 220.55 for electric ranges 
and other cooking appliances. [ROP 2-232] 

(C) Motor Outlets. Loads for motor outlets shall be cal¬ 
culated in accordance with the requirements in 430.22, 
430.24, and 440.6. [ROP 2-233] 




Unit Load 

Type of Occupancy 

Volt-Amperes/ 
Square Meter 

Volt-Amperes/ 
Square Foot 

Armories and auditoriums 

11 

1 

Banks 

39 b 

3'/ 2 b 

Barber shops and beauty 
parlors 

33 

3 

Churches 

11 

1 

Clubs 

22 

2 

Court rooms 

22 

2 

Dwelling units 2 

33 

3 

Garages — commercial 
(storage) 

6 

*/2 

Hospitals 

22 

2 

Hotels and motels, including 
apartment houses without 
provision fo^ooking by 
tenants 2 ^ . \ 

22 

2 

IndustriaLcOmmercial (loft) 
buildings 

22 

2 

Lodge rooms ^ 

17 

m 

Office buildings V 

39 b 

3'/ 2 b 

Restaurant^/ " 

22 

2 

SchoolS^H 

33 

3 

^Stores 

33 

3 

Warehouses (storage) 

In any of the preceding 
occupancies except 
one-family dwellings and 
individual dwelling units of 
fyo-family and multifamily 
..dwellings: 

3 

14 

Assembly halls and 
auditoriums 

11 

1 

Halls, corridors, closets, 
stairways 

6 

y 2 

Storage spaces 

3 

14 


a See 220.14(J). 
b See 220.14(K). 


(F) Sign and Outline Lighting. Sign and outline lighting 
outlets shall be calculated at a minimum of 1200 volt- 
amperes for each required branch circuit specified in 
600.5(A). 

(G) Show Windows. Show windows shall be calculated in 
accordance with either of the following: 

(1) The unit load per outlet as required in other provisions 
of this section 


(D) Luminaires. An outlet supplying luminaire(s) shall be 
calculated based on the maximum volt-ampere rating of the 
equipment and lamps for which the luminaire(s) is rated. 

(E) Heavy-Duty Lampholders. Outlets for heavy-duty 
lampholders shall be calculated at a minimum of 600 volt- 
amperes. 


(2) At 200 volt-amperes per 300 mm (1 ft) of show 
window 

(H) Fixed Multioutlet Assemblies. Fixed multioutlet as¬ 
semblies used in other than dwelling units or the guest 
rooms or guest suites of hotels or motels shall be calculated 
in accordance with (H)(1) or (H)(2). For the purposes of 
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this section, the calculation shall be permitted to be based 
on the portion that contains receptacle outlets. 

(1) Where appliances are unlikely to be used simulta¬ 
neously, each 1.5 m (5 ft) or fraction thereof of each 
separate and continuous length shall be considered as 
one outlet of not less than 180 volt-amperes. 

(2) Where appliances are likely to be used simultaneously, 
each 300 mm (1 ft) or fraction thereof shall be consid¬ 
ered as an outlet of not less than 180 volt-amperes. 


(B) Other Than Dwelling Units. Loads for new circuits or 
extended circuits in other than dwelling units shall be cal¬ 
culated in accordance with either 220.12 or 220.14, as ap¬ 
plicable. 

220.18 Maximum Loads. The total load shall not exceed 
the rating of the branch circuit, and it shall not exceed the 
maximum loads specified in 220.18(A) through (C) under 
the conditions specified therein. 


(I) Receptacle Outlets. Except as covered in 220.14(J) 
and (K), receptacle outlets shall be calculated at not less 
than 180 volt-amperes for each single or for each multiple 
receptacle on one yoke. A single piece of equipment con¬ 
sisting of a multiple receptacle comprised of four or more 
receptacles shall be calculated at not less than 90 volt- 
amperes per receptacle. This provision shall not be appli¬ 
cable to the receptacle outlets specified in 210.11(C)(1) and 
(C)(2). 

(J) Dwelling Occupancies. In one-family, two-family, and 
multifamily dwellings and in guest rooms or guest suites of 
hotels and motels, the outlets specified in (J)(l), (J)(2), and 
(J)(3) are included in the general lighting load calculations 
of 220.12. No additional load calculations shall be ri 
for such outlets. 

(1) All general-use receptacle outlets of 2 0-amp ere rati 
or less, including receptacles connected tdwbe circi 
in 210.11(C)(3) 

(2) The receptacle outlets specified 

(3) The lighting outlets specified in 




(K) Banks and Office Builc lings. In banks or office build¬ 
ings, the receptacle loads shall be calculated to hethe larger 
of (1) or (2): 

(1) The calculated load 

(2) 11 volt-amperes/m 2 or 1 vo 

(L) Other Outlets. Other outlets not covered in 220.14(A) 
through (K) shall be calculated based on 180 volt-amperes 
per outlet. 


(A) Motor-Operated and Combination Loads. Where a 
circuit supplies only motor-operated loads. Article 430 shall 
apply. Where a circuit supplies only air-conditioning equip¬ 
ment, refrigerating equipment, or both. Article 440 shall 
apply. For circuits supplying loads consisting of motor- 
operated utilization equipment that is fastened in place and 
has a motor larger than Vs hp in combination with other 
loads, the total calculated load shall be based on 125 per¬ 
cent of the largest motor load plus the sum of the other 
la ^ 

(B) Inductive and LED Lighting Loads. For circuits sup- 
ying lighting units that have ballasts, transformers, au- 

nsformers, or LED drivers, the calculated load shall be 
based on the total ampere ratings of such units and not on 
e total watts of the lamps. 


ange Loads. It shall be permissible to apply demand 
factors for range loads in accordance with Table 220.55, 
including Note 4. 

III. Feeder and Service Load Calculations 

220.40 General. The calculated load of a feeder or service 
shall not be less than the sum of the loads on the branch 
circuits supplied, as determined by Part II of this article, 
after any applicable demand factors permitted by Part III or 
IV or required by Part V have been applied. 

Informational Note: See Examples Dl(a) through D10 in 
Informative Annex D. See 220.18(B) for the maximum load 
in amperes permitted for lighting units operating at less 
than 100 percent power factor. 


220.16 Loads for Additions to Existing Installations. 

(A) Dwelling Units. Loads added to an existing dwelling 

unit(s) shall comply with the following as applicable: 

(1) Loads for structural additions to an existing dwelling 
unit or for a previously unwired portion of an existing 
dwelling unit, either of which exceeds 46.5 m 2 
(500 ft 2 ), shall be calculated in accordance with 220.12 
and 220.14. 

(2) Loads for new circuits or extended circuits in previ¬ 
ously wired dwelling units shall be calculated in accor¬ 
dance with either 220.12 or 220.14, as applicable. 


220.42 General Lighting. The demand factors specified in 
Table 220.42 shall apply to that portion of the total branch- 
circuit load calculated for general illumination. They shall 
not be applied in determining the number of branch circuits 
for general illumination. 

220.43 Show-Window and Track Lighting. 

(A) Show Windows. For show-window lighting, a load of 
not less than 660 volt-amperes/linear meter or 200 volt- 
amperes/linear foot shall be included for a show window, 
measured horizontally along its base. 
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Table 220.42 Lighting Load Demand Factors 



Portion of Lighting 



Load to Which 
Demand Factor 


Type of 

Applies 

Demand Factor 

Occupancy 

(Volt-Amperes) 

(%) 

Dwelling units 

First 3000 or less at 
From 3001 to 

100 


120,000 at 

Remainder over 

35 


120,000 at 

25 

Hospitals* 

First 50,000 or less at 
Remainder over 

40 


50,000 at 

20 

Hotels and motels. 

First 20,000 or less at 

50 

including 

From 20,001 to 

apartment houses 
without provision 

100,000 at 

40 

for cooking by 
tenants* 

Remainder over 

100,000 at 

30 

Warehouses 

First 12,500 or less at 

100 

(storage) 

Remainder over 

12,500 at 

50 

All others 

Total volt-amperes 

100 


Table 220.44 Demand Factors for Non-Dwelling Receptacle 
Loads 


*The demand factors of this table shall not apply to the calculated load 
of feeders or services supplying areas in hospitals, hotels, a^tarotels 
where the entire lighting is likely to be used at one time, as in oper¬ 
ating rooms, ballrooms, or dining rooms. 


Informational Note: See 220.14(G) for bri 
supplying show windows. 


(B) Track Lighting. For track 
ing units or guest rooms or gui 
an additional load of 150 volt-air? 
every 600 mm (2 ft) of lighting 
Where multicircuit track is installed, ti 
sidered to be divided equally between tb 


han dwell- 
ir motels, 
luded for 
n thereof, 
all be con- 
circuits. 


Exception: If the track lighting is supplied through a de¬ 
vice that limits the current to the track, the load shall be 
permitted to be calculated based on the rating of the device 
used to limit the current. 


Portion of Receptacle Load to Which 


Demand Factor Applies 


(Volt-Amperes) 

Demand Factor (%) 

First 10 kVA or less at 

100 

Remainder over 10 kVA at 

50 



total connected load. However, in no case shall a feeder or 
service load current rating be less than the rating of the 
largest branch circuit supplied. 

Exception: Where reduced loading of the conductors re¬ 
sults from units operating on duty-cycle, intermittently, or 
from all units not opiating at the same time, the authority 
having jurisdiction may grant permission for feeder and 
service conductonwo have an ampacity less than 100 per¬ 
cent, provided the affltktctors have an ampacity for the 
load sgmetermined. 

Small-Appliance and Laundry Loads — Dwell- 

A) Small-Appliance Circuit Load. In each dwelling unit, 
e load shall be calculated at 1500 volt-amperes for each 
2-yvrre small-appliance branch circuit as covered by 
.11(C)(1). Where the load is subdivided through two or 
ore feeders, the calculated load for each shall include not 
ess than 1500 volt-amperes for each 2-wire small- 
pliance branch circuit. These loads shall be permitted to 
be included with the general lighting load and subjected to 
the demand factors provided in Table 220.42. 

Exception: The individual branch circuit permitted by 
210.52(B)(1), Exception No. 2, shall be permitted to be 
excluded from the calculation required by 220.52. 

(B) Laundry Circuit Load. A load of not less than 1500 
volt-amperes shall be included for each 2-wire laundry 
branch circuit installed as covered by 210.11(C)(2). This 
load shall be permitted to be included with the general 
lighting load and subjected to the demand factors provided 
in Table 220.42. 


220.44 Receptacle Loads — Other Than Dwelling 
Units. Receptacle loads calculated in accordance with 
220.14(H) and (I) shall be permitted to be made subject to 
the demand factors given in Table 220.42 or Table 220.44. 

220.50 Motors. Motor loads shall be calculated in accor¬ 
dance with 430.24, 430.25, and 430.26 and with 440.6 for 
hermetic refrigerant motor compressors. 

220.51 Fixed Electric Space Heating. Fixed electric 
space-heating loads shall be calculated at 100 percent of the 


220.53 Appliance Load — Dwelling Unit(s). It shall be 
permissible to apply a demand factor of 75 percent to the 
nameplate rating load of four or more appliances fastened 
in place, other than electric ranges, clothes dryers, space¬ 
heating equipment, or air-conditioning equipment, that are 
served by the same feeder or service in a one-family, two- 
family, or multifamily dwelling. 

220.54 Electric Clothes Dryers — Dwelling Unit(s). The 

load for household electric clothes dryers in a dwelling 
unit(s) shall be either 5000 watts (volt-amperes) or the 
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nameplate rating, whichever is larger, for each dryer 
served. The use of the demand factors in Table 220.54 shall 
be permitted. Where two or more single-phase dryers are 
supplied by a 3-phase, 4-wire feeder or service, the total 
load shall be calculated on the basis of twice the maximum 
number connected between any two phases. Kilovolt¬ 
amperes (kVA) shall be considered equivalent to kilowatts 
(kW) for loads calculated in this section. 


These demand factors shall not apply to space-heating, ven¬ 
tilating, or air-conditioning equipment. 

However, in no case shall the feeder or service calcu¬ 
lated load be less than the sum of the largest two kitchen 
equipment loads. 

Table 220.56 Demand Factors for Kitchen Equipment — 
Other Than Dwelling Unit(s) 


Table 220.54 Demand Factors for Household Electric 
Clothes Dryers 


Number of 

Dryers 

Demand Factor 

(%) 

1-4 

100 

5 

85 

6 

75 

7 

65 

8 

60 

9 

55 

10 

50 

11 

47 


12-23 

47% minus 1% for each dryer exceeding 11 

24-42 

35% minus 0.5% for each dryer exceeding 23 

43 and over 

% 


220.55 Electric Cooking Appliance; 
and Household Cooking Appliani 
tional Programs. [ROP 2-245]. The 

electric ranges, wall-mounted ovens, 
cooking units, and other hjprchold cool 
dividually rated in excess of 1% kW si 
be calculated in accordance with Table 


Dwelling Unit 
Used 

r household 
ter-mounted 
ng appliances in- 
be permitted to 
£0.55. Kilovolt¬ 
amperes (kVA) shall be considered equivalent to kilowatts 
(kW) for loads calculated under this section. 

Where two or more single-phanges are supplied by 
a 3-phase, 4-wire feeder or service, the total load shall be 
calculated on the basis of twice the maximum number con¬ 
nected between any two phases. 

Informational Note No. 1: See the examples in Informa¬ 
tive Annex D. [ROP 2-242a] 


Informational Note No. 2: 
cial cooking equipment. 

[ROP 2-24a] 


See Table 220.56 for commer- 


Number of Units of 
Equipment 

Demand Factor 

(%) 

1 

100 

2 

100 

3 

90 


80 

JW 

70 

6|and over 

65 


0.60 Noncoincident Loads. Where it is unlikely that 
vo or more noncoincidcni loads will be in use simulta¬ 
neously. ''it shall be permissible to use only the largest 
load(s) that will be used at one time for calculating the total 
load of a feeder or service. 

feeder or Service Neutral Load. 

tasic Calculation. The feeder or service neutral load 
shall be the maximum unbalance of the load determined by 
this article. The maximum unbalanced load shall be the 
maximum net calculated load between the neutral conduc¬ 
tor and any one ungrounded conductor. 

Exception: For 3-wire, 2-phase or 5-wire, 2-phase sys¬ 
tems, the maximum unbalanced load shall be the maximum 
net calculated load between the neutral conductor and any 
one ungrounded conductor multiplied by 140 percent. 

(B) Permitted Reductions. A service or feeder supplying 
the following loads shall be permitted to have an additional 
demand factor of 70 percent applied to the amount in 
220.61(B)(1) or portion of the amount in 220.61(B)(2) de¬ 
termined by the basic calculation: 

(1) A feeder or service supplying household electric 
ranges, wall-mounted ovens, counter-mounted cooking 
units, and electric dryers, where the maximum unbal¬ 
anced load has been determined in accordance with 
Table 220.55 for ranges and Table 220.54 for dryers 


220.56 Kitchen Equipment — Other Than Dwelling 
Unit(s). It shall be permissible to calculate the load for 
commercial electric cooking equipment, dishwasher 
booster heaters, water heaters, and other kitchen equipment 
in accordance with Table 220.56. These demand factors 
shall be applied to all equipment that has either thermo¬ 
static control or intermittent use as kitchen equipment. 


(2) That portion of the unbalanced load in excess of 200 
amperes where the feeder or service is supplied from a 
3-wire dc or single-phase ac system; or a 4-wire, 
3-phase, 3-wire, 2-phase system; or a 5-wire, 2-phase 
system 

Informational Note: See Examples Dl(a), Dl(b), D2(b), 
D4(a), and D5(a) in Informative Annex D. [ROP 2-247a] 
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Table 220.55 Demand Factors and Loads for Household Electric Ranges, Wall-Mounted Ovens, Counter-Mounted Cooking 
Units, and Other Household Cooking Appliances over 1% kW Rating (Column C to be used in all cases except as otherwise 
permitted in Note 3.) 


Demand Factor (%) (See Notes) 


Number of Appliances 

Column A 

(Less than 31/2 kW Rating) 

Column B 

(31/2 kW through 8% kW 
Rating) 

Column C 

Maximum Demand (kW) (See 
Notes) (Not over 12 kW Rating) 

1 

80 

80 

8 

2 

75 

65 

11 

3 

70 

55 

14 

4 

66 

50 

17 

5 

62 

45 

20 

6 

59 

43 

21 

7 

56 

40 

22 

8 

53 

36 

23 

9 

51 


24 

10 

49 

34 

25 


11 

12 

13 

14 

15 


16 

17 

18 

19 

20 


47 

45 

43 

41 

40 


39 

38 

37 

36 

35 


26 

27 

28 

29 

30 


31 

32 

33 

34 

35 


21 

X J 

26 

36 

22 

33 r 

26 

37 

23 


26 

38 

24 


26 

39 

25 


26 

40 


26-30 

31-40 

\») 

24 

22 

15 kW + 1 kW for each range 

41-50 


20 

25 kW + % kW for each range 

51-60 

^30 r 

18 


61 and over 

W 

16 



Notes: 

1. Over 12 kW through 27 kW ranges all of same rating. For ranges individually rated more than 12 kW but not more than 27 kW, the maximum 
demand in Column C shall be increased 5 percent for each additional kilowatt of rating or major fraction thereof by which the rating of individual 
ranges exceeds 12 kW. 

2. Over 8% kW through 27 kW ranges of unequal ratings. For ranges individually rated more than 8% kW and of different ratings, but none 
exceeding 27 kW, an average value of rating shall be calculated by adding together the ratings of all ranges to obtain the total connected load (using 
12 kW for any range rated less than 12 kW) and dividing by the total number of ranges. Then the maximum demand in Column C shall be increased 
5 percent for each kilowatt or major fraction thereof by which this average value exceeds 12 kW. 

3. Over 1% kW through 8% kW. In lieu of the method provided in Column C, it shall be permissible to add the nameplate ratings of all household 
cooking appliances rated more than 1% kW but not more than 8% kW and multiply the sum by the demand factors specified in Column A or 
Column B for the given number of appliances. Where the rating of cooking appliances falls under both Column A and Column B, the demand 
factors for each column shall be applied to the appliances for that column, and the results added together. 

4. Branch-Circuit Load. It shall be permissible to calculate the branch-circuit load for one range in accordance with Table 220.55. The branch- 
circuit load for one wall-mounted oven or one counter-mounted cooking unit shall be the nameplate rating of the appliance. The branch-circuit load 
for a counter-mounted cooking unit and not more than two wall-mounted ovens, all supplied from a single branch circuit and located in the same 
room, shall be calculated by adding the nameplate rating of the individual appliances and treating this total as equivalent to one range. 

5. This table shall also apply to household cooking appliances rated over 1% kW and used in instructional programs. 
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(C) Prohibited Reductions. There shall be no reduction of 
the neutral or grounded conductor capacity applied to the 
amount in 220.61(C)(1), or portion of the amount in (C)(2), 
from that determined by the basic calculation: 

(1) Any portion of a 3-wire circuit consisting of 2 un¬ 
grounded conductors and the neutral conductor of a 
4-wire, 3-phase, wye-connected system 

(2) That portion consisting of nonlinear loads supplied 
from a 4-wire, wye-connected, 3-phase system 

Informational Note: A 3-phase, 4-wire, wye-connected 
power system used to supply power to nonlinear loads may 
necessitate that the power system design allow for the pos¬ 
sibility of high harmonic neutral-conductor currents. [ROP 
2-247a] 

IV. Optional Feeder and Service Load Calculations 

220.80 General. Optional feeder and service load calcula¬ 
tions shall be permitted in accordance with Part IV. 

220.82 Dwelling Unit. 

(A) Feeder and Service Load. This section applies to a 
dwelling unit having the total connected load served by a 
single 120/240-volt or 208Y/120-volt set of 3-wire 
or feeder conductors with an ampacity of 100 or gre 
shall be permissible to calculate the feeder and 
loads in accordance with this section instead of the met] 
specified in Part III of this article. The calculated Iliad sh 
be the result of adding the loads from 220.82(B) and 
Feeder and service-entrance conductors whose calculated 
load is determined by this optiomd^calculation shall be per¬ 
mitted to have the neutral load determined by 220.61. 

(B) General Loads. The general calculated load shall be 
not less than 100 percent of the first 10 kVA plus 40 percent 
of the remainder of the follow in aloa^p 


(1) 33 volt-amperes/m" or 3 voit-amperes/ft 2 for general 
lighting and general-use receptacles. The floor area for 
each floor shall be calculated from the outside dimen¬ 
sions of the dwelling unit. The calculated floor area 
shall not include open porches, garages, or unused or 
unfinished spaces not adaptable for future use. 

(2) 1500 volt-amperes for each 2-wire, 20-ampere small- 
appliance branch circuit and each laundry branch cir¬ 
cuit covered in 210.11(C)(1) and (C)(2). 

(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, perma¬ 
nently connected, or located to be on a specific cir¬ 
cuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the laundry 
branch circuit specified in item (2) 


d. Water heaters 

(4) The nameplate ampere or kVA rating of all perma¬ 
nently connected motors not included in item (3). 

(C) Heating and Air-Conditioning Load. The largest of 
the following six selections (load in kVA) shall be in¬ 
cluded: 

(1) 100 percent of the nameplate rating(s) of the air condi¬ 
tioning and cooling. 

(2) 100 percent of the nameplate rating(s) of the heat pump 
when the heat pump is used without any supplemental 
electric heating. 

(3) 100 percent of the nameplate rating(s) of the heat pump 
compressor and 65 percent of the supplemental electric 
heating ftmcentral electric space-heating systems. If the 
heat pump compressor is prevented from operating at 

time as the supplementary heat, it does not 
ided to the supplementary heat for the total 
ntral space heating load. 

percent of the mameplate rating(s) of electric space 
g if less thail four separately controlled units, 
percent of the nameplate rating(s) of electric space 
eating if four or more separately controlled units, 
ercent of the nameplate ratings of electric thermal 
ge and other heating systems where the usual load 
expected to be continuous at the full nameplate 
value. Systems qualifying under this selection shall not 
be calculated under any other selection in 220.82(C). 

220.83 Existing Dwelling Unit. This section shall be per¬ 
mitted to be used to determine if the existing service or 
feeder is of sufficient capacity to serve additional loads. 
Where the dwelling unit is served by a 120/240-volt or 
208Y/120-volt, 3-wire service, it shall be permissible to 
calculate the total load in accordance with 220.83(A) or 
(B). 

(A) Where Additional Air-Conditioning Equipment or 
Electric Space-Heating Equipment Is Not to Be In¬ 
stalled. The following percentages shall be used for exist¬ 
ing and additional new loads. 



Load (kVA) 


Percent of Load 


First 8 kVA of load at 
Remainder of load at 


100 

40 


Load calculations shall include the following: 

(1) General lighting and general-use receptacles at 33 volt- 
amperes/m 2 or 3 volt-amperes/ft 2 as determined by 
220.12 
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(2) 1500 volt-amperes for each 2-wire, 20-ampere small- 
appliance branch circuit and each laundry branch cir¬ 
cuit covered in 210.11(C)(1) and (C)(2) 

(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, perma¬ 
nently connected, or located to be on a specific cir¬ 
cuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 

(B) Where Additional Air-Conditioning Equipment or 
Electric Space-Heating Equipment Is to Be Installed. 

The following percentages shall be used for existing and 
additional new loads. The larger connected load of air- 
conditioning or space-heating, but not both, shall be used. 


Load 


Percent of Load 


Air-conditioning equipment 

100 

Central electric space heating 

100 

Less than four separately 

100 

controlled space-heating units 


First 8 kVA of all other loads 

100 

Remainder of all other loads 

40 


jgj|^unper 
laundry brat] 
(C)(2) ^ 


Other loads shall include the following: 

(1) General lighting and general-use receptacle# at 33 volt- 

_itermini 

220.12 

(2) 1500 volt-amperes for each 2 

appliance branch circuit am 

cuit covered in 210.11(C)(4) 

(3) The nameplate rating of the 

a. All appliances that are 
nently connected, or located to 
cuit 

b. Ranges, wall-mounted ovens, 
cooking units 

c. Clothes dryers that are not connected to the laundry 
branch circuit specified in (2) 

d. Water heaters 

220.84 Multifamily Dwelling. 



gmall- 
ir- 


e, perma- 
specific cir- 

counter-mounted 


Exception: When the calculated load for multifamily dwell¬ 
ings without electric cooking in Part III of this article ex¬ 
ceeds that calculated under Part IV for the identical load 
plus electric cooking (based on 8 kW per unit), the lesser of 
the two loads shall be permitted to be used. 

(3) Each dwelling unit is equipped with either electric 
space heating or air conditioning, or both. Feeders and 
service conductors whose calculated load is determined 
by this optional calculation shall be permitted to have 
the neutral load determined by 220.61. 

(B) House Loads. House loads shall be calculated in ac¬ 
cordance with Part III of this article and shall be in addition 
to the dwelling unit loads calculated in accordance with 
Table 220.84. 


Table 220.84 Optional Calculations — Demand Factors for 
Three or More Multifamily Dwelling Units 


Number of 

Demand Factor 

Dwelling Units 

► (%) 

, 3 Z 5 

45 

^^6-7 

44 

^^^-10 

43 


42 


41 

14-15 

40 

16-17 

39 

18-20 

38 

r 21 

37 

22-23 

36 

24-25 

35 

26-27 

34 

28-30 

33 

31 

32 

32-33 

31 

34-36 

30 

37-38 

29 

39^42 

28 

43^45 

27 

46-50 

26 

51-55 

25 

56-61 

24 

62 and over 

23 


(A) Feeder or Service Load. It shall be permissible to 
calculate the load of a feeder or service that supplies three 
or more dwelling units of a multifamily dwelling in accor¬ 
dance with Table 220.84 instead of Part III of this article if 
all the following conditions are met: 

(1) No dwelling unit is supplied by more than one feeder. 

(2) Each dwelling unit is equipped with electric cooking 
equipment. 


(C) Calculated Loads. The calculated load to which the 
demand factors of Table 220.84 apply shall include the 
following: 

(1) 33 volt-amperes/m 2 or 3 volt-amperes/ft 2 for general 
lighting and general-use receptacles 

(2) 1500 volt-amperes for each 2-wire, 20-ampere small- 
appliance branch circuit and each laundry branch cir¬ 
cuit covered in 210.11(C)(1) and (C)(2) 
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(3) The nameplate rating of the following: 

a. All appliances that are fastened in place, perma¬ 
nently connected, or located to be on a specific cir¬ 
cuit 

b. Ranges, wall-mounted ovens, counter-mounted 
cooking units 

c. Clothes dryers that are not connected to the laundry 
branch circuit specified in item (2) 

d. Water heaters 

(4) The nameplate ampere or kVA rating of all perma¬ 
nently connected motors not included in item (3) 

(5) The larger of the air-conditioning load or the fixed elec¬ 
tric space-heating load 

220.85 Two Dwelling Units. Where two dwelling units 
are supplied by a single feeder and the calculated load 
under Part III of this article exceeds that for three identical 
units calculated under 220.84, the lesser of the two loads 
shall be permitted to be used. 

220.86 Schools. The calculation of a feeder or service 
load for schools shall be permitted in accordance with 
Table 220.86 in lieu of Part III of this article where 
equipped with electric space heating, air conditioning, 
both. The connected load to which the demand factors op 
T able 220.86 apply shall include all of the interior'^nd 
exterior lighting, power, water heating^ cooking, ot 
loads, and the larger of the air-conditioning loan or spacl 
heating load within the building or structure. 

Feeders and service conductors whose calculated load 
is determined by this optional calculation shall be permitted 
to have the neutral load determined bv 220.61. Where the 
building or structure loqt^^^s calcukued by th^ optional 
method, feeders within the building or smicture shall have 
ampacity as permitted in Part III of this article; however, 
the ampacity of an individual fokr sh^Pnot be required to 
be larger than the ampacity for the entire building. 

This section shall not apply to portable classroom build¬ 
ings. 


220.87 Determining Existing Loads. The calculation of a 
feeder or service load for existing installations shall be 
permitted to use actual maximum demand to determine the 
existing load under all of the following conditions: 

(1) The maximum demand data is available for a 1-year 
period. 

Exception: If the maximum demand data for a 1-year pe¬ 
riod is not available, the calculated load shall be permitted 
to be based on the maximum demand (measure of average 
power demand over a 15-minute period) continuously re¬ 
corded over a minimum 30-day period using a recording 
ammeter or power meter connected to the highest loaded 
phase of the feeder or service, based on the initial loading 
at the start of the recording. The recording shall reflect the 
maximum dentand of the feeder or service by being taken 
when the builaing or space is occupied and shall include by 
measurement or calculation the larger of the heating or 
cooliwt equipment load, and other loads that may be peri- 
i nature seasonal or similar conditions. 

The maximum demand at 125 percent plus the new 
oes not exceed the ampacity of the feeder or 
ng of the service. 

he feeder has overcurrent protection in accordance 
240.4, and the service has overload protection in 
acCWdance with 230.90. 

220.88 New Restaurants. Calculation of a service or 
feeder load, where the feeder serves the total load, for a 
new restaurant shall be permitted in accordance with Table 
220.88 in lieu of Part III of this article. 

The overload protection of the service conductors shall 
be in accordance with 230.90 and 240.4. 

Feeder conductors shall not be required to be of greater 
ampacity than the service conductors. 

Service or feeder conductors whose calculated load is 
determined by this optional calculation shall be permitted 
to have the neutral load determined by 220.61. 

V. Farm Load Calculations 



Table 220.86 Optional Method — Demand Factors for 
Feeders and Service Conductors for Schools 


Connected Load 

Demand 

Factor 

(Percent) 

First 33 VA/m 2 

(3 VA/ft 2 ) at 

100 

Plus, 



Over 33 through 220 

(3 through 20 VA/ft 2 ) 

75 

VA/m 2 

at 


Plus, 



Remainder over 220 

(20 VA/ft 2 ) at 

25 

VA/m 2 




220.100 General. Farm loads shall be calculated in accor¬ 
dance with Part V. 

220.102 Farm Loads — Buildings and Other Loads. 

(A) Dwelling Unit. The feeder or service load of a farm 
dwelling unit shall be calculated in accordance with the 
provisions for dwellings in Part III or IV of this article. 
Where the dwelling has electric heat and the farm has elec¬ 
tric grain-drying systems, Part IV of this article shall not be 
used to calculate the dwelling load where the dwelling and 
farm loads are supplied by a common service. 

(B) Other Than Dwelling Unit. Where a feeder or service 
supplies a farm building or other load having two or more 
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Table 220.88 Optional Method — 

Permitted Load Calculations for Service and Feeder Conductors for New Restaurants 

Total Connected 

All Electric Restaurant 

Not All Electric Restaurant 

Load (kVA) 

Calculated Loads (kVA) 

Calculated Loads (kVA) 

0-200 

80% 

100% 

201-325 

10% (amount over 200) + 160.0 

50% (amount over 200) + 200.0 

326-800 

50% (amount over 325) + 172.5 

45% (amount over 325) + 262.5 

Over 800 

50% (amount over 800) + 410.0 

20% (amount over 800) + 476.3 


Note: Add all electrical loads, including both heating and cooling loads, to calculate the total connected load. Select the one demand factor that 
applies from the table, then multiply the total connected load by this single demand factor. 


separate branch circuits, the load for feeders, service con¬ 
ductors, and service equipment shall be calculated in accor¬ 
dance with demand factors not less than indicated in Table 
220 . 102 . 


Table 220.102 Method for Calculating Farm Loads for 
Other Than Dwelling Unit 


Demand Factor 

(%) 


Ampere Load at 240 Volts Maximum 

The greater of the following: 

All loads that are expected to operate 
simultaneously, or 

125 percent of the full load current of 
the largest motor, or 
First 60 amperes of the load 
Next 60 amperes of all other loads 
Remainder of other loads 


220.103 Farm Loads — Total. Where supplied bjjga com¬ 
mon service, the total load of the farm for service conduc¬ 
tors and service equipment shaUpbe calculated in accor¬ 
dance with the farm dwelling uniyoad and demand factors 
specified in Table 220.103. Where there is equipment in 
two or more farm equipment buildings or for loads having 
the same function, such loads shall be calculated in accor¬ 
dance with Table 220.102 and shall be^permitted to be 
combined as a single load in Table 220.103 for calculating 
the total load. 

Table 220.103 Method for Calculating Total Farm Load 



ARTICLE 225 

Outside Branch Circuits and Feeders 


225.1 Scope. T his article covers requirements for outside 
branch circuits amftfeeders run on or between buildings, 
structuresAor poles (Bthe premises; and electrical equip¬ 
ment and wiring for the'supply of utilization equipment that 
is located on ot attached to .the outside of buildings, struc¬ 
tures, or pqjj 

Informational Note: For additional information on wiring 
over m^wolts. see ANSI C2-2007, National Electrical 

ely Code. [ROP 4-11] 

23«)P 4-10] 

.3 Other Articles. Application of other articles, includ- 
additional requirements to specific cases of equipment 
conductors, is shown in Table 225.3. 


General 

225.4 Conductor Covering. Where within 3.0 m (10 ft) of 
any building or structure other than supporting poles or 
towers, open individual (aerial) overhead conductors shall 
be insulated for the nominal voltage. Conductors in cables 
or raceways, except Type MI cable, shall be of the rubber- 
covered type or thermoplastic type and, in wet locations, 
shall comply with 310.10(C). Conductors for festoon light¬ 
ing shall be of the rubber-covered or thermoplastic type. 
[ROP 4-15] 


Individual Loads Calculated in 
Accordance with Table 220.102 

Demand Factor 

(%) 

Largest load 

100 

Second largest load 

75 

Third largest load 

65 

Remaining loads 

50 


Exception: Equipment grounding conductors and 

grounded circuit conductors shall be permitted to be bare 
or covered as specifically permitted elsewhere in this Code. 

225.5 Size of Conductors 600 Volts, Nominal, or Less. 

The ampacity of outdoor branch-circuit and feeder conduc¬ 
tors shall be in accordance with 310.15 based on loads as 
determined under 220.10 and Part III of Article 220. 


Note: To this total load, add the load of the farm dwelling unit calcu¬ 
lated in accordance with Part III or IV of this article. Where the 
dwelling has electric heat and the farm has electric grain-drying sys¬ 
tems, Part IV of this article shall not be used to calculate the dwelling 
load. 


225.6 Conductor Size and Support. 

(A) Overhead Spans. Open individual conductors shall 
not be smaller than the following: 
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Table 225.3 Other Articles 


Equipment/Conductors 


Article 


210 

725 


800 

820 

310 

675 

600 

215 

760 

426 


Branch circuits 
Class 1, Class 2, and Class 3 
remote-control, signaling, and 
power-limited circuits 
Communications circuits 
Community antenna television and radio 
distribution systems 
Conductors for general wiring 
Electrically driven or controlled 
irrigation machines 
Electric signs and outline lighting 
Feeders 

Fire alarm systems 
Fixed outdoor electric deicing and 
snow-melting equipment 
Floating buildings 
Grounding and bonding 
Hazardous (classified) locations 
Hazardous (classified) locations— 
specific 

Marinas and boatyards 
Messenger-supported wiring 
Mobile homes, manufactured homes, 
and mobile home parks 
Open wiring on insulators 
Over 1000 volts, general [ROP 4-14] 
Overcurrent protection 
Radio and television equipment 
Services 

Solar photovoltaic systems 
Swimming pools, fountains, and similar 
installations 

Use and identification of grounded 
conductors 


(1) For 1000 volts, nomifi^tr less, 10 AWG copper or 
AWG aluminum for span^^i to 15 m (50 ft) in length, 
and 8 AWG copper or 6 AWG aluminum for a longer 
span unless supported by a^ressenger wire [ROP 
4-17] 

(2) For over 1000 volts, nominal, 6 AWG copper or 4 
AWG aluminum where open individual conductors, 
and 8 AWG copper or 6 AWG aluminum where in 
cable [ROP 4-17] 

(B) Festoon Lighting. Overhead conductors for festoon 
lighting shall not be smaller than 12 AWG unless the con¬ 
ductors are supported by messenger wires. In all spans ex¬ 
ceeding 12 m (40 ft), the conductors shall be supported by 
messenger wire. The messenger wire shall be supported by 
strain insulators. Conductors or messenger wires shall not 
be attached to any fire escape, downspout, or plumbing 
equipment. 



225.7 Lighting Equipment Installed Outdoors. 

(A) General. For the supply of lighting equipment in¬ 
stalled outdoors, the branch circuits shall comply with Ar¬ 
ticle 210 and 225.7(B) through (D). 

(B) Common Neutral. The ampacity of the neutral con¬ 
ductor shall not be less than the maximum net calculated 
load current between the neutral conductor and all un¬ 
grounded conductors connected to any one phase of the 
circuit. 

(C) 277 Volts to Ground. Circuits exceeding 120 volts, 
nominal, between conductors and not exceeding 277 volts, 
nominal, to ground shall be permitted to supply luminaires 
for illumination of outdoor areas of industrial establish¬ 
ments, office buildings, schools, stores, and other commer¬ 
cial or public buildings. 

tween Conductors. Circuits exceeding 
olts, nominal, to ground and not exceeding 600 volts, 
minal, between conductors shall be permitted to supply 
the auuli'ary equipment of electric-discharge lamps in ac¬ 
cordance with 210.6(D)(1). 

22^S^[ROP 4-18] Calculation of Loads 1000 Volts, 
inal, or Less. 

(A) Branch Circuits. The load on outdoor branch circuits 
shall be as determined by 220.10. 

(B) Feeders. The load on outdoor feeders shall be as de¬ 
termined by Part III of Article 220. 

225.10 Wiring on Buildings (or Other Structures). The 

installation of outside wiring on surfaces of buildings (or 
other structures) shall be permitted for circuits of not over 
1000 volts, nominal, as open wiring on insulators, as mul¬ 
ticonductor cable, as Type MC cable, as Type UF cable, as 
Type MI cable, as messenger-supported wiring, in rigid 
metal conduit (RMC), in intermediate metal conduit (IMC), 
in rigid polyvinyl chloride (PVC) conduit, in reinforced 
thermosetting resin conduit (RTRC), in cable trays, as 
cablebus, in wireways, in auxiliary gutters, in electrical me¬ 
tallic tubing (EMT), in flexible metal conduit (FMC), in 
liquidtight flexible metal conduit (LFMC), in liquidtight 
flexible nonmetallic conduit (LFNC), and in busways. Cir¬ 
cuits of over 1000 volts, nominal, shall be installed as pro¬ 
vided in 300.37. [ROP 4-19 — 26] 

225.11 Feeder and Branch Circuit Conductors, Enter¬ 
ing, Exiting, or Attached to Buildings or Structures. 

Feeder and branch-circuit conductors entering or exiting 
buildings or structures shall be in installed in accordance 
with the requirements of 230.52. Overhead branch-circuits 
and feeders attached to buildings or structures shall be in- 
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stalled in accordance with the requirements of 230.54. 

[ROP 4-27] 

225.12 Open-Conductor Supports. Open conductors 
shall be supported on glass or porcelain knobs, racks, 
brackets, or strain insulators. 

225.14 Open-Conductor Spacings. 

(A) 1000 Volts, Nominal, or Less. Conductors of 1000 
volts, nominal, or less, shall comply with the spacings pro¬ 
vided in Table 230.51(C). [ROP 4-29] 

(B) Over 1000 Volts, Nominal. Conductors of over 1000 
volts, nominal, shall comply with the spacings provided in 
110.36 and 490.24. [ROP 4-29] 

(C) Separation from Other Circuits. Open conductors 
shall be separated from open conductors of other circuits or 
systems by not less than 100 mm (4 in.). 

(D) Conductors on Poles. Conductors on poles shall have 
a separation of not less than 300 mm (1 ft) where not 
placed on racks or brackets. Conductors supported on poles 
shall provide a horizontal climbing space not less than the 
following: 

(1) Power conductors below communications conductors 
— 750 mm (30 in.) 

(2) Power conductors alone or above communicate 
ductors: 


a. 300 volts or less — 600 mm (24 in v 

b. Over 300 volts — 750 mm (30 in.) 

(3) Communications conductors belgjfaaftwer ctors 

— same as power conductors 

(4) Communications conductors alone — nol iirement 


225.15 Supports over Building.se 

shall be in accordance with 230.29. 

225.16 Attachment to Buildings. 



i building 


(A) Point of Attachment. The point of attachment to a 
building shall be in accordance with 230.26. 

(B) Means of Attachment. The means of attachment to a 
building shall be in accordance with 230.27. 


tors. Hubs intended for use with a conduit that serves as a 
mast for support of feeder or branch circuit conductors 
shall be identified for use with a mast. [ROP 4-30] 

(B) Attachment. Feeder and/or branch circuit conductors 
shall not be attached to a mast between a weatherhead or 
end of the conduit and a coupling, where the coupling is 
located above the last point of securing to the building or 
other structure or is located above the building or other 
structure. [ROP 4-30] 

225.18 Clearance for Overhead Conductors and 
Cables. Overhead spans of open conductors and open mul¬ 
ticonductor cables of not over 1000 volts, nominal, shall 
have a clearance of not less than the following: [ROP 
4-31] 

(1) 3.0 m (10 fU^j^ above finished grade, sidewalks, or 
from any platform or projection from which they might 
be reached where the voltage does not exceed 150 volts 
to ground and accessible to pedestrians only 
3J» ni (12 ft) — ovSfc^sidential property and drive- 
ose commercial areas not subject to truck 
the voltage does not exceed 300 volts to 

ft) — for those areas listed in the 3.7-m 
kification where the voltage exceeds 300 
round 

5.5 m (18 ft) — over public streets, alleys, roads, park¬ 
ing areas subject to truck traffic, driveways on other 
than residential property, and other land traversed by 
vehicles, such as cultivated, grazing, forest, and or¬ 
chard 

(5) 7.5 m (24.5 ft) — over track rails of railroads 

225.19 Clearances from Buildings for Conductors of 
Not over 1000 Volts, Nominal 

[ROP 4-32]. 

(A) Above Roofs. Overhead spans of open conductors and 
open multiconductor cables shall have a vertical clearance 
of not less than 2.5 m (8 ft) above the roof surface. The 
vertical clearance above the roof level shall be maintained 
for a distance not less than 900 mm (3 ft) in all directions 
from the edge of the roof. 


225.17 Masts as Supports. Only feeder or branch-circuit 
conductors specified within this section shall be permitted 
to be attached to the feeder and/or branch-circuit mast. 
Masts used for the support of final spans of feeders or 
branch circuits shall be installed in accordance with (A) 
and (B). [ROP 4-30] 

(A) Strength. The mast shall be of adequate strength or be 
supported by braces or guys to withstand safely the strain 
imposed by the overhead feeder or branch circuit conduc¬ 


Exception No. 1: The area above a roof surface subject to 
pedestrian or vehicular traffic shall have a vertical clear¬ 
ance from the roof surface in accordance with the clear¬ 
ance requirements of 225.18. 

Exception No. 2: Where the voltage between conductors 
does not exceed 300, and the roof has a slope of 100 mm in 
300 mm (4 in. in 12 in.) or greater, a reduction in clearance 
to 900 mm (3 ft) shall be permitted. 

Exception No. 3: Where the voltage between conductors 
does not exceed 300, a reduction in clearance above only 
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the overhanging portion of the roof to not less than 450 mm 
(18 in.) shall be permitted if (1) not more than 1.8 m (6 ft) 
of the conductors, 1.2 m (4 ft) horizontally, pass above the 
roof overhang and (2) they are terminated at a through-the- 
roof raceway or approved support. 

Exception No. 4: The requirement for maintaining the ver¬ 
tical clearance 900 mm (3 ft) from the edge of the roof shall 
not apply to the final conductor span where the conductors 
are attached to the side of a building. 


225.21 Multiconductor Cables on Exterior Surfaces of 
Buildings (or Other Structures). Supports for multicon¬ 
ductor cables on exterior surfaces of buildings (or other 
structures) shall be as provided in 230.51. [ROP 4-35] 

225.22 Raceways on Exterior Surfaces of Buildings or 
Other Structures. Raceways on exteriors of buildings or 
other structures shall be arranged to drain and shall be 
suitable for use in wet locations. 


(B) From Nonbuilding or Nonbridge Structures. From 
signs, chimneys, radio and television antennas, tanks, and 
other nonbuilding or nonbridge structures, clearances — 
vertical, diagonal, and horizontal — shall not be less than 
900 mm (3 ft). 

(C) Horizontal Clearances. Clearances shall not be less 
than 900 mm (3 ft). 

(D) Final Spans. Final spans of feeders or branch circuits 
shall comply with 225.19(D)(1), (D)(2), and (D)(3). 

(1) Clearance from Windows. Final spans to the building 
they supply, or from which they are fed, shall be permitted 
to be attached to the building, but they shall be kept not less 
than 900 mm (3 ft) from windows that are designed 
opened, and from doors, porches, balconies, ladders, 
fire escapes, or similar locations. 

Exception: Conductors run above the top lev i 
dow shall be permitted to be less than the 90i 
requirement. 

(2) Vertical Clearance. The vertical clearance of final 
spans above, or within 900 mm (3 ft) measured horizontally 
of, platforms, projections, / or surfaces^ from Which they 
might be reached shall be maintained irl accordance with 
225.18. 

(3) Building Openings. The overhead branch-circuit and 
feeder conductors shall not be installed beneath openings 
through which materials may be moved, such as openings 
in farm and commercial buildings, and shall not be installed 
where they obstruct entrance to these buildings’ openings. 

(E) Zone for Fire Ladders. Where buildings exceed three 
stories or 15 m (50 ft) in height, overhead lines shall be 
arranged, where practicable, so that a clear space (or zone) 
at least 1.8 m (6 ft) wide will be left either adjacent to the 
buildings or beginning not over 2.5 m (8 ft) from them to 
facilitate the raising of ladders when necessary for fire 
fighting. 

225.20 Mechanical Protection of Conductors. Mechani¬ 
cal protection of conductors on buildings, (or other struc¬ 
tures) structures, or poles shall be as provided for services 
in 230.50. 



225.24 Outdoor Lampholders. Where outdoor lamphold¬ 
ers are attached as pendants, the connections to the circuit 
wires shall be staggered. Where such lampholders have 
terminals of a type that puncture the insulation and make 
contact with the conductors, they shall be attached only to 
conductors oMie stranded type. 

225.25 Location of Outdoor Lamps. Locations of lamps 
for outdoor lighting shall be below all energized conduc¬ 
tors, transformers, or other electric utilization equipment, 

ess either of the following apply: 

(1) Clearances or other safeguards are provided for 
mping operations. 

quipment is controlled by a disconnecting means that 
ckable in accordance with 110.25. [ROP 4-37] 

Vegetation as Support. Vegetation such as trees 
shall not be used for support of overhead conductor spans. 


225.27 Raceway Seal. Where a raceway enters a building 
or structure from an underground distribution system, it 
shall be sealed in accordance with 300.5(G). Spare or un¬ 
used raceways shall also be sealed. Sealants shall be iden¬ 
tified for use with the cable insulation, conductor insula¬ 
tion, bare conductor, shield, or other components. [ROP 
4-38] 

II. Buildings or Other Structures Supplied by a 
Feeder(s) or Branch Circuit(s) 

225.30 Number of Supplies. A building or other structure 
that is served by a branch circuit or feeder on the load side 
of a service disconnecting means shall be supplied by only 
one feeder or branch circuit unless permitted in 225.30(A) 
through (E). For the purpose of this section, a multiwire 
branch circuit shall be considered a single circuit. 

Where a branch circuit or feeder originates in these 
additional buildings or other structures, only one feeder or 
branch circuit shall be permitted to supply power back to 
the original building or structure, unless permitted in 
225.30(A) through (E). 

[ROP 4-39] 

(A) Special Conditions. Additional feeders or branch cir¬ 
cuits shall be permitted to supply the following: 
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(1) Fire pumps 

(2) Emergency systems 

(3) Legally required standby systems 

(4) Optional standby systems 

(5) Parallel power production systems 

(6) Systems designed for connection to multiple sources of 
supply for the purpose of enhanced reliability 


Exception No. 3: For towers or poles used as lighting 
standards, the disconnecting means shall be permitted to be 
located elsewhere on the premises. 

Exception No. 4: For poles or similar structures used only 
for support of signs installed in accordance with Article 
600, the disconnecting means shall be permitted to be lo¬ 
cated elsewhere on the premises. 


(B) Special Occupancies. By special permission, addi¬ 
tional feeders or branch circuits shall be permitted for ei¬ 
ther of the following: 

(1) Multiple-occupancy buildings where there is no space 
available for supply equipment accessible to all occu¬ 
pants 

(2) A single building or other structure sufficiently large to 
make two or more supplies necessary 

(C) Capacity Requirements. Additional feeders or branch 
circuits shall be permitted where the capacity requirements 
are in excess of 2000 amperes at a supply voltage of 1000 
volts or less. [ROP 4-46] 

(D) Different Characteristics. Additional feeders or 
branch circuits shall be permitted for different voltages, 
frequencies, or phases or for different uses, such as control 
of outside lighting from multiple locations. 

(E) Documented Switching Procedures. Additj 
ers or branch circuits shall be permitted to 
tions under single management where documented, 
switching procedures are established and 
disconnection. 


Bans shall be provided 
onductors that supply or 



225.31 Disconnecting Means 

for disconnecting all ungroum 
pass through the building or strut? 


225.32 Location. The disconnecting means shall be in¬ 
stalled either inside or outside of the building or structure 
served or where the conductors pass through the building or 
structure. The disconnecting means shall be at a readily 
accessible location nearest the point of entrance of the con¬ 
ductors. For the purposes of this section, the requirements 
in 230.6 shall be utilized. 

Exception No. 1: For installations under single manage¬ 
ment, where documented safe switching procedures are es¬ 
tablished and maintained for disconnection, and where the 
installation is monitored by qualified individuals, the dis¬ 
connecting means shall be permitted to be located else¬ 
where on the premises. 

Exception No. 2: For buildings or other structures quali¬ 
fying under the provisions of Article 685, the disconnecting 
means shall be permitted to be located elsewhere on the 
premises. 




225.33 Maximum Number of Disconnects. 

(A) General. The disconnecting means for each supply 
permitted by 225.30 shall consist of not more than six 
switches or six circuit breakers mounted in a single enclo¬ 
sure, in a group of separate enclosures, or in or on a switch¬ 
board or switchgear. There shall be no more than six dis¬ 
connects per supply grouped in any one location. [ROP 

Exception: wor th^uiwoses of this section, disconnecting 
eW solely for the control circuit of the ground-fault 
n system, or the control circuit of the power- 
supplfi disconnecting means, installed as part of 
ipment, shall not be considered a supply dis- 
fiieans. 

Units. Two or three single-pole switches 
apable of individual operation shall be permit- 
on multiwire circuits, one pole for each ungrounded 
nductor, as one multipole disconnect, provided they are 
ipped with identified handle ties or a master handle to 
Isconnect all ungrounded conductors with no more than 
six operations of the hand. 

225.34 Grouping of Disconnects. 

(A) General. The two to six disconnects as permitted in 
225.33 shall be grouped. Each disconnect shall be marked 
to indicate the load served. 

Exception: One of the two to six disconnecting means 
permitted in 225.33, where used only for a water pump also 
intended to provide fire protection, shall be permitted to be 
located remote from the other disconnecting means. 

(B) Additional Disconnecting Means. The one or more 
additional disconnecting means for fire pumps or for emer¬ 
gency, legally required standby or optional standby system 
permitted by 225.30 shall be installed sufficiently remote 
from the one to six disconnecting means for normal supply 
to minimize the possibility of simultaneous interruption of 
supply. 

225.35 Access to Occupants. In a multiple-occupancy 
building, each occupant shall have access to the occupant’s 
supply disconnecting means. 
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Exception: In a multiple-occupancy building where elec¬ 
tric supply and electrical maintenance are provided by the 
building management and where these are under continu¬ 
ous building management supervision, the supply discon¬ 
necting means supplying more than one occupancy shall be 
permitted to be accessible to authorized management per¬ 
sonnel only. 


can be attached by means of pressure connectors shall be 
permitted for this purpose. [ROP 9-14k] 

In a multisection switchboard or switchgear, discon¬ 
nects for the grounded conductor shall be permitted to be in 
any section of the switchboard or switchgear, provided that 
any such switchboard section or switchgear section is 
marked. [ROP 9-14k] 


225.36 Type. The disconnecting means specified in 225.31 
shall be comprised of a circuit breaker, molded case switch, 
general use switch, snap switch, or other approved means. 
Where applied in accordance with 250.32(B) Exception, 
the disconnecting means shall be suitable for use as service 
equipment. [ROP 4-55] 

225.37 Identification. Where a building or structure has 
any combination of feeders, branch circuits, or services 
passing through it or supplying it, a permanent plaque or 
directory shall be installed at each feeder and branch-circuit 
disconnect location denoting all other services, feeders, or 
branch circuits supplying that building or structure or pass¬ 
ing through that building or structure and the area served by 
each. 

Exception No. 1: A plaque or directory shall not 
quired for large-capacity multibuilding industrial in. 
tions under single management, where it is ensurei 
disconnection can be accomplished by 
maintaining safe switching procedures. 

Exception No. 2: This identification 
for branch circuits installed from a 
ond building or structure. 

225.38 Disconnect Construction. Disconnecting means 
shall meet the requirements of 225.38(A) through (D). 

[ROP 4-63] 

(A) Manually or Power Operable. The disconnecting 
means shall consist of either (1) a manually operable switch 
or a circuit breaker equipped with a handle or other suitable 
operating means or (2) a power-operable switch or circuit 
breaker, provided the switch or circuit breaker can be 
opened by hand in the event of a power failure. 

(B) Simultaneous Opening of Poles. Each building or 
structure disconnecting means shall simultaneously discon¬ 
nect all ungrounded supply conductors that it controls from 
the building or structure wiring system. 

(C) Disconnection of Grounded Conductor. Where the 
building or structure disconnecting means does not discon¬ 
nect the grounded conductor from the grounded conductors 
in the building or structure wiring, other means shall be 
provided for this purpose at the location of disconnecting 
means. A terminal or bus to which all grounded conductors 



(D) Indicating. The building or structure disconnecting 
means shall plainly indicate whether it is in the open or 
closed position. 

225.39 Rating of Disconnect. The feeder or branch-circuit 
disconnecting means shall have a rating of not less than the 
calculated load to be supplied, determined in accordance 
with Parts I a^fll of Article 220 for branch circuits, Part III 
or IV of Article 220 for feeders, or Part V of Article 220 for 
farm loads. Where the branch circuit or feeder disconnect¬ 
ing means consists of more than one switch or circuit 
breaker, as permitted by 225.33, combining the ratings of 

switches or circuit breakers for determining the rat- 
disconnecting means shall be permitted. In no 
the rating be lower than specified in 225.39(A), 
C), or (D). 

) One-Circuit Installation. For installations to supply 
imited loads of a single branch circuit, the branch 
circuit disconnecting means shall have a rating of not less 
than 15 amperes. 

(B) Two-Circuit Installations. For installations consisting 
of not more than two 2-wire branch circuits, the feeder or 
branch-circuit disconnecting means shall have a rating of 
not less than 30 amperes. 

(C) One-Family Dwelling. For a one-family dwelling, the 
feeder disconnecting means shall have a rating of not less 
than 100 amperes, 3-wire. 

(D) All Others. For all other installations, the feeder or 
branch-circuit disconnecting means shall have a rating of 
not less than 60 amperes. 

225.40 Access to Overcurrent Protective Devices. Where 
a feeder overcurrent device is not readily accessible, 
branch-circuit overcurrent devices shall be installed on the 
load side, shall be mounted in a readily accessible location, 
and shall be of a lower ampere rating than the feeder over¬ 
current device. 

III. Over 1000 Volts. [ROP 4-67] 

225.50 Sizing of Conductors. The sizing of conductors 
over 1000 volts shall be in accordance with 210.19(B) for 
branch circuits and 215.2(B) for feeders. [ROP 4-66] 
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225.51 Isolating Switches. Where oil switches or air, oil, 
vacuum, or sulfur hexafluoride circuit breakers constitute a 
building disconnecting means, an isolating switch with vis¬ 
ible break contacts and meeting the requirements of 
230.204(B), (C), and (D) shall be installed on the supply 
side of the disconnecting means and all associated equip¬ 
ment. 

Exception: The isolating switch shall not be required 
where the disconnecting means is mounted on removable 
truck panels or switchgear units that cannot be opened 
unless the circuit is disconnected and that, when removed 
from the normal operating position, automatically discon¬ 
nect the circuit breaker or switch from all energized parts. 
[ROP 9-141, ROP 4-68]] 

225.52 Disconnecting Means. 

(A) Location. A building or structure disconnecting means 
shall be located in accordance with 225.32, or it shall be 
electrically operated by a similarly located remote-control 
device. 

(B) Type. Each building or structure disconnect shall si¬ 
multaneously disconnect all ungrounded supply conductors 
it controls and shall have a fault-closing rating not less than 
the maximum available short-circuit current available at its' 
supply terminals. 

Exception: Where the individual disconnecting means 

consists of fused cutouts, the simultaneous disconnection of 
all ungrounded supply conductors shall not bitrequired if 
there is a means to disconnect the load before opening the 
cutouts. A permanent legible sign shall be installed adja¬ 
cent to the fused cutouts worded ^DISCONNECT L-OAD 
BEFORE OPENING CUTOUTSj [ROP 4-721 

Where fused switches or separately mounted, fuses are 
installed, the fuse characteristics snKl be permitted to con¬ 
tribute to the fault closing rating of the disconnecting 
means. 

(C) Locking. Disconnecting means shall be lockable in 
accordance with 110.25. [ROP 4-73, ROP 4-74] 


(F) Identification. Where a building or structure has any 
combination of feeders, branch circuits, or services passing 
through or supplying it, a permanent plaque or directory 
shall be installed at each feeder and branch-circuit discon¬ 
nect location that denotes all other services, feeders, or 
branch circuits supplying that building or structure or pass¬ 
ing through that building or structure and the area served by 
each. 

225.56 Inspections and Tests. 

(A) Pre-Energization and Operating Tests. The com¬ 
plete electrical system design, including settings for protec¬ 
tive, switching, and control circuits, shall be prepared in 
advance and made available on request to the authority 
having jurisdiction and shall be performance tested when 
first installed on^^r Each protective, switching, and con¬ 
trol circuit shall be adjusted in accordance with the system 
design and tested by actual operation using current injec¬ 
tion or equivalent meth^k as necessary to ensure that each 
and euery such circuit operates correctly to the satisfaction 
of the authority>having juriMiction. [ROP 4-81] 



ent Transformers. All instrument transform- 
ested to verify correct polarity and burden. 

tective Relays. Each protective relay shall be dem¬ 
onstrated to operate by injecting current or voltage, or both, 
the associated instrument transformer output terminal 
nd observing that the associated switching and signaling 
actions occur correctly and in proper time and sequence 
accomplish the protective function intended. 

(3) Switching Circuits. Each switching circuit shall be ob¬ 
served to operate the associated equipment being switched. 

(4) Control and Signal Circuits. Each control or signal 
circuit shall be observed to perform its proper control func¬ 
tion or produce a correct signal output. 

(5) Metering Circuits. All metering circuits shall be veri¬ 
fied to operate correctly from potential and current sources 
in a similar manner to protective relay circuits. [ROP 4-82] 


Exception: Where an individual disconnecting means con¬ 
sists of fused cutouts, a suitable enclosure capable of being 
locked and sized to contain all cutout fuse holders shall be 
installed at a convenient location to the fused cutouts 

(D) Indicating. Disconnecting means shall clearly indicate 
whether they are in the open “off’ or closed “on” position. 

(E) Uniform Position. Where disconnecting means 
handles are operated vertically, the “up” position of the 
handle shall be the “on” position. 

Exception: A switching device having more than one “on ” 
position, such as a double throw switch, shall not be re¬ 
quired to comply with this requirement. 


(6) Acceptance Tests. Complete acceptance tests shall be 
performed, after the substation installation is completed, on 
all assemblies, equipment, conductors, and control and pro¬ 
tective systems, as applicable, to verify the integrity of all 
the systems. [ROP 4-83] 

(7) Relays and Metering Utilizing Phase Differences. All 

relays and metering that use phase differences for operation 
shall be verified by measuring phase angles at the relay 
under actual load conditions after operation commences. 

(B) Test Report. A test report covering the results of the 
tests required in 225.56(A) shall be delivered to the author¬ 
ity having jurisdiction prior to energization. 
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Informational Note: For an example of acceptance speci¬ 
fications, see NETA ATS-2007, Acceptance Testing Specifi¬ 
cations for Electrical Power Distribution Equipment and 
Systems, published by the InterNational Electrical Testing 
Association. [ROP 4-84] 

225.60 Clearances over Roadways, Walkways, Rail, 
Water, and Open Land. 

(A) 22 kV, Nominal, to Ground or Less. The clearances 
over roadways, walkways, rail, water, and open land for 
conductors and live parts up to 22 kV, nominal, to ground 
or less shall be not less than the values shown in Table 
225.60. 

(B) Over 22 kV Nominal to Ground. Clearances for the 
categories shown in Table 225.60 shall be increased by 
10 mm (0.4 in.) per kV above 22,000 volts. 

(C) Special Cases. For special cases, such as where cross¬ 
ings will be made over lakes, rivers, or areas using large 
vehicles such as mining operations, specific designs shall 
be engineered considering the special circumstances and 
shall be approved by the authority having jurisdiction. 

Informational Note: For additional information, see ANSI 
C2-2007, National Electrical Safety Code. 


Table 225.60 Clearances over Roadways, Walkways, Rai 
Water, and Open Land 


Table 225.61 Clearances over Buildings and Other 
Structures 



Location 

Open land subject to vehicles, 
cultivation, or grazing 
Roadways, driveways, par] 
lots, and alleys 
Walkways 
Rails 

Spaces and ways for pedestrians 
and restricted traffic 
Water areas not suitable for 
boating 


■»» 



Clearance from 
Conductors or Live 
Parts from: 


Horizontal 


m ft 


Vertical 


m ft 


Building walls, 
projections, and 
windows 


2.3 7.5 


Balconies, catwalks, and 

2.3 

7.5 

4.1 

13.5 

similar areas accessible 
to people 

Over or under roofs or 



3.8 

12.5 

projections not readily 
accessible to people 

Over roofs accessible to 



4.1 

13.5 

vehicles but nat trucks 
Over roofs accessible to 



5.6 

18.5 




lRTICLE 230 
Services 


pe. This article covers service conductors and 
ent for control and protection of services and their 
installation requirements. 

Informational Note: See Figure 230.1. 


I. General 

230.2 Number of Services. A building or other structure 
served shall be supplied by only one service unless permit¬ 
ted in 230.2(A) through (D). For the purpose of 230.40, 
Exception No. 2 only, underground sets of conductors, 1/0 
AWG and larger, running to the same location and con¬ 
nected together at their supply end but not connected to¬ 
gether at their load end shall be considered to be supplying 
one service. 


225.61 Clearances over Buildings and Other Struc¬ 
tures. 

(A) 22 kV Nominal to Ground or Less. The clearances 
over buildings and other structures for conductors and live 
parts up to 22 kV, nominal, to ground or less shall be not 
less than the values shown in Table 225.61. 

(B) Over 22 kV Nominal to Ground. Clearances for the 
categories shown in Table 225.61 shall be increased by 
10 mm (0.4 in.) per kV above 22,000 volts. 

Informational Note: For additional information, see ANSI 
C2-2007, National Electrical Safety Code. 


(A) Special Conditions. Additional services shall be per¬ 
mitted to supply the following: 

(1) Fire pumps 

(2) Emergency systems 

(3) Legally required standby systems 

(4) Optional standby systems 

(5) Parallel power production systems 

(6) Systems designed for connection to multiple sources of 
supply for the purpose of enhanced reliability 

(B) Special Occupancies. By special permission, addi¬ 
tional services shall be permitted for either of the follow¬ 
ing: 
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General Part I 

Overhead Service Conductors Part II 

Underground Service Conductors Part III 

Service-Entrance Conductors Part IV 

Service Equipment—General Part V 

Service Equipment—Disconnecting Means Part VI 

Service Equipment—Overcurrent Protection Part VII 

Services Exceeding 1000 Volts, Nominal Part VIII 


Serving Utility 

A 


Overhead 
Last pole 


Part I 


Overhead 
service conductors 
230.24 Clearances 


Service head 


Service-entrance 

conductors 


Service equipment—general 
Grounding and bonding 

Disconnecting means 


Underground 
Street main 


Underground Part III 

service conductors 
Depth of burial 230.32 

and protection 


Terminal box, 
meter, or other 
enclosure 


Part IV 


Overcurrent protection 


Part VII 





Branch circuits 

Feeders 

Articles 210, 225 
Articles 215, 225 


\J^ 


Figure 230.1 Services. [ROP 4-96] 

(1) Multiple-occupancy buildin^wrfiere there is no avail¬ 
able space for service equipment accessib^Tto all oc¬ 
cupants 

(2) A single building or other structure sufficiently large to 
make two or more services necessary 


(E) Identification. Where a building or structure is sup¬ 
plied by more than one service, or any combination of 
branch circuits, feeders, and services, a permanent plaque 
or directory shall be installed at each service disconnect 
location denoting all other services, feeders, and branch 
circuits supplying that building or structure and the area 
served by each. See 225.37. 

230.3 One Building or Other Structure Not to Be Sup¬ 
plied Through Another. Service conductors supplying a 
building or other structure shall not pass through the inte¬ 
rior of another building or other structure. 

230.6 Conductors Considered Outside the Building. 

Conductors shall be considered outside of a building or 
other structure under any of the following conditions: 

(1) Where installed under not less than 50 mm (2 in.) of 
concrete beneatk a building or other structure 

(2) W he reinstalled within a building or other structure in a 
that is encased in concrete or brick not less 




(2 in.) th 

lied in any vault that meets the construction 
ents of Article 450, Part III 
stalled in conduit and under not less than 450 
Ife) of earth beneath a building or other struc- 

Where installed within rigid metal conduit (Type 
RMC) or intermediate metal conduit (Type IMC) used 
to accommodate the clearance requirements in 230.24 
and routed directly through an eave but not a wall of a 
r building. [ROP 4-103] 

230.7 Other Conductors in Raceway or Cable. Conduc¬ 
tors other than service conductors shall not be installed in 
the same service raceway or service cable. 

Exception No. 1: Grounding electrode conductors and 
equipment bonding jumpers or conductors. [ROP 4-105] 

Exception No. 2: Load management control conductors 
having overcurrent protection. 


(C) Capacity Requirements. Additional services shall be 
permitted under any of the following: 

(1) Where the capacity requirements are in excess of 2000 
amperes at a supply voltage of 1000 volts or less [ROP 
4-98] 

(2) Where the load requirements of a single-phase installa¬ 
tion are greater than the serving agency normally sup¬ 
plies through one service 

(3) By special permission 

(D) Different Characteristics. Additional services shall 
be permitted for different voltages, frequencies, or phases, 
or for different uses, such as for different rate schedules. 


230.8 Raceway Seal. Where a service raceway enters a 
building or structure from an underground distribution sys¬ 
tem, it shall be sealed in accordance with 300.5(G). Spare 
or unused raceways shall also be sealed. Sealants shall be 
identified for use with the cable insulation, shield, or other 
components. 

230.9 Clearances on Buildings. Service conductors and 
final spans shall comply with 230.9(A), (B), and (C). 

(A) Clearances. Service conductors installed as open con¬ 
ductors or multiconductor cable without an overall outer 
jacket shall have a clearance of not less than 900 mm (3 ft) 
from windows that are designed to be opened, doors, 
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porches, balconies, ladders, stairs, fire escapes, or similar 
locations. 

Exception: Conductors run above the top level of a win¬ 
dow shall be permitted to be less than the 900-mm (3-ft) 
requirement. 

(B) Vertical Clearance. The vertical clearance of final 
spans above, or within 900 mm (3 ft) measured horizontally 
of, platforms, projections, or surfaces from which they 
might be reached shall be maintained in accordance with 
230.24(B). 


The vertical clearance above the roof level shall be main¬ 
tained for a distance of not less than 900 mm (3 ft) in all 
directions from the edge of the roof. 

Exception No. 1: The area above a roof surface subject to 
pedestrian or vehicular traffic shall have a vertical clear¬ 
ance from the roof surface in accordance with the clear¬ 
ance requirements of 230.24(B). 

Exception No. 2: Where the voltage between conductors 
does not exceed 300 and the roof has a slope of 100 mm in 
300 mm (4 in. in 12 in.) or greater, a reduction in clearance 
to 900 mm (3 ft) shall be permitted. 


(C) Building Openings. Overhead service conductors 
shall not be installed beneath openings through which ma¬ 
terials may be moved, such as openings in farm and com¬ 
mercial buildings, and shall not be installed where they 
obstruct entrance to these building openings. 

230.10 Vegetation as Support. Vegetation such as trees 
shall not be used for support of overhead service conduc¬ 
tors. 

II. Overhead Service Conductors 


230.22 Insulation or Covering. Individual cond 
shall be insulated or covered. 


Exception: The grounded conductor 
cable shall be permitted to be bare. 


230.23 Size and Rating. 

(A) General. Conductors shah, 
carry the current for the 
with Article 220 and 
strength. 

(B) Minimum Size. The 

than 8 AWG copper or 6 AW 1 
aluminum. 



at ampacity to 
accordance 
late mechanical 


>11 not be smaller 
dum or copper-clad 


Exception: Conductors supplying only limited loads of a 
single branch circuit — such as small polyphase power, 
controlled water heaters, and similar loads — shall not be 
smaller than 12 AWG hard-drawn copper or equivalent. 

(C) Grounded Conductors. The grounded conductor shall 
not be less than the minimum size as required by 
250.24(C). 

230.24 Clearances. Overhead service conductors shall not 
be readily accessible and shall comply with 230.24(A) 
through (E) for services not over 1000 volts, nominal. 

[ROP 4-108] 


Exception No. 3: Where the voltage between conductors 
does not exceed 300, a reduction in clearance above only 
the overhanging portion of the roof to not less than 450 mm 
(18 in.) shcdgpe permitted if (1) not more than 1.8 m (6 ft) 
of overhead service conductors, 1.2 m (4 ft) horizontally, 
pass (^meme roof overhang, and (2) they are terminated 
at jtdhrough-theMapf raceway or approved support. 

ational Note^See 230.28 for mast supports. 

No. 4: The requirement for maintaining the ver- 
’clearance 900 mm (3 ft) from the edge of the roof shall 
nott apply to the final conductor span where the service 
verhead service conductors are attached to the 
a building. [ROP 4—109] 

Exception No. 5: Where the voltage between conductors 
does not exceed 300 and the roof area is guarded or iso¬ 
lated, a reduction in clearance to 900 mm (3 ft) shall be 
permitted. 

(B) Vertical Clearance for Overhead Service Conduc¬ 
tors. Overhead service conductors, where not in excess of 
600 volts, nominal, shall have the following minimum 
clearance from final grade: 

(1) 3.0 m (10 ft) — at the electrical service entrance to 
buildings, also at the lowest point of the drip loop of 
the building electrical entrance, and above areas or 
sidewalks accessible only to pedestrians, measured 
from final grade or other accessible surface only for 
overhead service conductors supported on and cabled 
together with a grounded bare messenger where the 
voltage does not exceed 150 volts to ground [ROP 
4-111] 

(2) 3.7 m (12 ft) — over residential property and drive¬ 
ways, and those commercial areas not subject to truck 
traffic where the voltage does not exceed 300 volts to 
ground 

(3) 4.5 m (15 ft) — for those areas listed in the 3.7-m 
(12-ft) classification where the voltage exceeds 300 
volts to ground 


(A) Above Roofs. Conductors shall have a vertical clear¬ 
ance of not less than 2.5 m (8 ft) above the roof surface. 


(4) 5.5 m (18 ft) — over public streets, alleys, roads, park¬ 
ing areas subject to truck traffic, driveways on other 
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than residential property, and other land such as culti¬ 
vated, grazing, forest, and orchard 

(C) Clearance from Building Openings. See 230.9. 

(D) Clearance from Swimming Pools. See 680.8. 


(A) Insulation. Underground service conductors shall be 
insulated for the applied voltage. [ROP 4-115] 

Exception: A grounded conductor shall be permitted to be 
uninsulated as follows: 


(E) Clearance from Communication Wires and Cables. 

Clearance from communication wires and cables shall be in 
accordance with 800.44(A)(4). 

230.26 Point of Attachment. The point of attachment of 
the overhead service conductors to a building or other 
structure shall provide the minimum clearances as specified 
in 230.9 and 230.24. In no case shall this point of attach¬ 
ment be less than 3.0 m (10 ft) above finished grade. [ROP 
4-112] 

230.27 Means of Attachment. Multiconductor cables used 
for overhead service conductors shall be attached to build¬ 
ings or other structures by fittings identified for use with 
service conductors. Open conductors shall be attached to 
fittings identified for use with service conductors or to non¬ 
combustible, nonabsorbent insulators securely attached to 
the building or other structure. 

230.28 Service Masts as Supports. Only power service 
drop or overhead service conductors shall be permitted to 
be attached to a service mast. Service masts used for the 
support of service drop or overhead servic^;onductors 
shall be installed in accordance with (A) and (B). [ ROP 
4-114] 


(A) Strength. The service 
strength or be supported by 
safely the strain imposed by ths? 
service conductors. Hubs intended' 
that serves as a service mast shall be i 
service entrance equipment. [ROP 4- 


adequate 
withstand 
overhead 
a conduit 
use with 


( 1) Bare copper used in a raceway 

(2) Bare copper for direct burial where bare copper is 
judged to be suitable for the soil conditions 

(3) Bare copper for direct burial without regard to soil 
conditions where part of a cable assembly identified for 
underground use 

(4) Aluminum or copper-clad aluminum without individual 
insulation or covering where part of a cable assembly 
identified for underground use in a raceway or for di¬ 
rect burial 

(B) Wirings Is. Underground service conductors 

shall be insta ccordance with the applicable require- 

ments.of this vering the type of wiring method used 

e following methods: [ROP 




IMC conduit 
fC conduit 
3C conduit 
1DPE conduit 
Type PVC conduit 
5) Type RTRC conduit 
7) Type IGS cable 

(8) Type USE cable 

(9) Type MV or MC cable, identified for direct burial 
applications 

(10) Type MI cable, where suitably protected against 
physical damage and corrosive conditions 

230.31 Size and Rating. 


(B) Attachment. Service drop or overhead service con¬ 
ductors shall not be attached to a service mast between a 
weatherhead or end of the conduit and a coupling, where 
the coupling is located above the last point of securing to 
the building or other structure or is located above the build¬ 
ing or other structure. [ROP 4-114] 


(A) General. Underground service conductors shall have 
sufficient ampacity to carry the current for the load as cal¬ 
culated in accordance with Article 220 and shall have ad¬ 
equate mechanical strength. 

(B) Minimum Size. The conductors shall not be smaller 
than 8 AWG copper or 6 AWG aluminum or copper-clad 
aluminum. 


230.29 Supports over Buildings. Service conductors 
passing over a roof shall be securely supported by substan¬ 
tial structures. Where practicable, such supports shall be 
independent of the building. 

III. Underground Service Conductors 

230.30 Installation. [ROP 4-115, ROP 4-116]] 


Exception: Conductors supplying only limited loads of a 
single branch circuit — such as small polyphase power, 
controlled water heaters, and similar loads — shall not be 
smaller than 12 AWG copper or 10 AWG aluminum or 
copper-clad aluminum. 

(C) Grounded Conductors. The grounded conductor shall 
not be less than the minimum size required by 250.24(C). 
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230.32 Protection Against Damage. Underground service 
conductors shall be protected against damage in accordance 
with 300.5. Service conductors entering a building or other 
structure shall be installed in accordance with 230.6 or pro¬ 
tected by a raceway wiring method identified in 230.43. 

230.33 Spliced Conductors. Service conductors shall be 
permitted to be spliced or tapped in accordance with 
110.14, 300.5(E), 300.13, and 300.15. 

IV. Service-Entrance Conductors 

230.40 Number of Service-Entrance Conductor Sets. 

Each service drop, set of overhead service conductors, set 
of underground service conductors, or service lateral shall 
supply only one set of service-entrance conductors. 

Exception No. 1: A building with more than one occu¬ 
pancy shall be permitted to have one set of service- 
entrance conductors for each service, as defined in 230.2, 
run to each occupancy or group of occupancies. If the 
number of service disconnect locations for any given clas¬ 
sification of service does not exceed six, the requirements of 
230.2(E) shall apply at each location. If the number of 
service disconnect locations exceeds six for any give, 
ply classification, all service disconnect locations 
supply characteristics, together with any branch circilifaor 
feeder supply sources, if applicable, shall h&^learly 
scribed using suitable graphics or text, or both, on one 
more plaques located in an approve, 
location)s) on the building or struct: 
as practicable to the point(s) of attach, 
each service drop or serviccrfUte% 
overhead or underground 

Exception No. 2: Whef&’j^’o to six sefvHke disconnecting 
means in separate enclosures are grouped at one location 
and supply separate loads jnSfil one service drop, set of 
overhead service conductors, sW^Mnnderground service 
conductors, or service lateral, oneset of service-entrance 
conductors shall be permitted to supply each or several 
such service equipment enclosures. 

Exception No. 3: A single-family dwelling unit and its 
accessory structures shall be permitted to have one set of 
service-entrance conductors run to each from a single ser¬ 
vice drop, set of overhead service conductors, set of under¬ 
ground sendee conductors, or service lateral. 

Exception No. 4: Two-family dwellings, multifamily dwell¬ 
ings, and multiple occupancy buildings shall be permitted 
to have one set of service-entrance conductors installed to 
supply the circuits covered in 210.25. 

Exception No. 5: One set of sendee-entrance conductors 
connected to the supply side of the normal sendee discon¬ 
necting means shall be permitted to supply each or several 
systems covered by 230.82(5) or 230.82(6). 




230.41 Insulation of Service-Entrance Conductors. 

Service-entrance conductors entering or on the exterior of 
buildings or other structures shall be insulated. 

Exception: A grounded conductor shall be permitted to be 
uninsulated as follows: 

(1) Bare copper used in a raceway or part of a service 
cable assembly 

(2) Bare copper for direct burial where bare copper is 
judged to be suitable for the soil conditions 

(3) Bare copper for direct burial without regard to soil 
conditions where part of a cable assembly identified for 
underground use 

(4) Aluminuyf fir copper-clad aluminum without individual 
insulation or covering where part of a cable assembly 
or identified for underground use in a raceway, or for 

a I 

15.) Bare condubl^^used in an auxiliary gutter 

inimum Size and Rating. 

eneral. The ampacity of the service-entrance con- 
before the application of any adjustment or correc- 
rs shall not be less than either 230.42(A)(1) or 
oads shall be determined in accordance with Part 
or V of Article 220, as applicable. Ampacity shall be 
determined from 310.15. The maximum allowable current 
of busways shall be that value for which the busway has 
been listed or labeled. 

(1) The sum of the noncontinuous loads plus 125 percent 
of continuous loads 

Exception: Grounded conductors that are not connected to 
an overcurrent device shall be permitted to be sized at 
100 percent of the continuous and noncontinuous load. 

(2) The sum of the noncontinuous load plus the continuous 
load if the service-entrance conductors terminate in an 
overcurrent device where both the overcurrent device 
and its assembly are listed for operation at 100 percent 
of their rating 

(B) Specific Installations. In addition to the requirements 
of 230.42(A), the minimum ampacity for ungrounded con¬ 
ductors for specific installations shall not be less than the 
rating of the service disconnecting means specified in 
230.79(A) through (D). 

(C) Grounded Conductors. The grounded conductor shall 
not be smaller than the minimum size as required by 
250.24(C). 

230.43 Wiring Methods for 1000 Volts, Nominal, or 
Less. Service-entrance conductors shall be installed in ac¬ 
cordance with the applicable requirements of this Code 
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covering the type of wiring method used and shall be lim¬ 
ited to the following methods: [ROP 4-121] 

(1) Open wiring on insulators 

(2) Type 1GS cable 

(3) Rigid metal conduit (RMC) [ROP 4-122] 

(4) Intermediate metal conduit (IMC) [ROP 4-123] 

(5) Electrical metallic tubing (EMT) [ROP 4-131] 

(6) Electrical nonmetallic tubing 

(7) Service-entrance cables 

(8) Wireways 

(9) Busways 

(10) Auxiliary gutters 

(11) Rigid polyvinyl chloride conduit (PVC) 

(12) Cablebus 

(13) Type MC cable 

(14) Mineral-insulated, metal-sheathed cable Type MI 

[ROP 4-125] 

(15) Flexible metal conduit (FMC) not over 1.8 m (6 ft) 
long or liquidtight flexible metal conduit (LFMC) not 
over 1.8 m (6 ft) long between raceways, or between 
raceway and service equipment, with a supply-side 
bonding jumper routed with the flexible metal conduit 
(FMC) or the liquidtight flexible metal conduit 
(LFMC) according to the provisions of 250.102(A), 
(B), (C), and (E) [ROP 4-126-129] 

(16) Liquidtight flexible nonmetallic 
[ROP 4-130] 

(17) High density polyethylene conduit (HDI 

(18) Nonmetallic underground 
(NUCC) 

(19) Reinforced thermosetti ng'Vdsiti conduit 

230.44 Cable Trays. Cable tray sys^ns shall be permitted 
to support service-entrance conductors. Cablr^trays used to 
support service-entrance conductors shall contain only 
service-entrance conductors and shall be limited to the fol¬ 
lowing methods: 

(1) Type SE cable 

(2) Type MC cable 

(3) Type MI cable 



Exception: Conductors, other than service-entrance con¬ 
ductors, shall be permitted to be installed in a cable tray 
with service-entrance conductors, provided a solid fixed 
barrier of a material compatible with the cable tray is 
installed to separate the service-entrance conductors from 
other conductors installed in the cable tray. 

230.46 Spliced Conductors. Service-entrance conductors 
shall be permitted to be spliced or tapped in accordance 
with 110.14, 300.5(E), 300.13, and 300.15. 

230.50 Protection Against Physical Damage. 

(A) Underground Service-Entrance Conductors. Under¬ 
ground service-entrance conductors shall be protected 
against physical damage in accordance with 300.5. 

(B) All Other Service-Entrance Conductors. All other 
service-entrance^conductors, other than underground ser¬ 
vice entrance :onductors, shall be protected against physi¬ 
cal damage as snecified N i§fe23 0.50(B)n) or (B)(2). 

(1) Service-Entrance Cables. Service-entrance cables, 
where subject to physical damage, shall be protected by any 
of the following: 

Rigidmetal conduit (RMC) [ROP 4-122] 

(2) IntermedSe metal conduit (IMC) [ROP 4-123] 
checufe 80 PVC conduit 

) Electrical metallic tubing (EMT) [ROP 4-131] 

5) Reinforced thermosetting resin conduit (RTRC) 

) Other approved means 


(2) Other Than Service-Entrance Cables. Individual 
open conductors and cables, other than service-entrance 
cables, shall not be installed within 3.0 m (10 ft) of grade 
level or where exposed to physical damage. 

Exception: Type MI and Type MC cable shall be permitted 
within 3.0 m (10 ft) of grade level where not exposed to 
physical damage or where protected in accordance with 
300.5(D). 

230.51 Mounting Supports. Service-entrance cables or 
individual open service-entrance conductors shall be sup¬ 
ported as specified in 230.51(A), (B), or (C). 


(4) Type IGS cable 

(5) Single conductors 1/0 and larger with CT rating [ROP 
4-134, ROP 4-135] 

Such cable trays shall be identified with permanently 
affixed labels with the wording “Service-Entrance Conduc¬ 
tors.” The labels shall be located so as to be visible after 
installation with a spacing not to exceed 3 m (10 ft) so that 
the service-entrance conductors are able to be readily traced 
through the entire length of the cable tray. [ROP 4-133] 


(A) Service-Entrance Cables. Service-entrance cables 
shall be supported by straps or other approved means 
within 300 mm (12 in.) of every service head, gooseneck, 
or connection to a raceway or enclosure and at intervals not 
exceeding 750 mm (30 in.). 

(B) Other Cables. Cables that are not approved for 
mounting in contact with a building or other structure shall 
be mounted on insulating supports installed at intervals not 
exceeding 4.5 m (15 ft) and in a manner that maintains a 
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clearance of not less than 50 mm (2 in.) from the surface 
over which they pass. 

(C) Individual Open Conductors. Individual open con¬ 
ductors shall be installed in accordance with Table 
230.51(C). Where exposed to the weather, the conductors 
shall be mounted on insulators or on insulating supports 
attached to racks, brackets, or other approved means. 
Where not exposed to the weather, the conductors shall be 
mounted on glass or porcelain knobs. 


goosenecks in service-entrance cables shall be located 
above the point of attachment of the service-drop or over¬ 
head service conductors to the building or other structure. 

Exception: Where it is impracticable to locate the service 
head or gooseneck above the point of attachment, the ser¬ 
vice head or gooseneck location shall be permitted not 
farther than 600 mm (24 in.) from the point of attachment. 

(D) Secured. Service-entrance cables shall be held se¬ 
curely in place. 


230.52 Individual Conductors Entering Buildings or 
Other Structures. Where individual open conductors enter 
a building or other structure, they shall enter through roof 
bushings or through the wall in an upward slant through 
individual, noncombustible, nonabsorbent insulating tubes. 
Drip loops shall be formed on the conductors before they 
enter the tubes. 

230.53 Raceways to Drain. Where exposed to the 
weather, raceways enclosing service-entrance conductors 
shall be suitable for use in wet locations and arranged to 
drain. Where embedded in masonry, raceways shall be ar¬ 
ranged to drain. 

230.54 Overhead Service Locations. 

(A) Service Head. Service raceways shall be equipped 
with a service head at the point of connection to service 
drop or overhead service conductors. The sen ice head shall 
be listed for use in wet locations. 

(B) Service-Entrance Cables Equipped with Service 
Head or Gooseneck. Service-entrance eabks shall be 
equipped with a service head. The service head shall be 
listed for use in wet loca 




(E) Separately Bushed Openings. Service heads shall 
have conductors of different potential brought out through 
separately bushed openings. 

Exception: Ear jacketed multiconductor service-entrance 
cable without splice. 

(F) Drip Loops. Drip loops shall be formed on individual 
conductors. T^msevent the entrance of moisture, service- 

ance conduct^^hall be connected to the service-drop 
r overload service conductors either (1) below the level of 
:he service head or (2) below the level of the termination of 
rvice-entrance cable sheath. 


Exception: Type SE cable xnmLbe permitted to be formed 
in a gooseneck and taped wnh a self-sealing weather- 
resistant thermoplastic. 


(Gj^Arranged That Water Will Not Enter Service Race- 
or Equipment. Service-entrance and overhead service 
conductors shall be arranged so that water will not enter 
service raceway or equipment. 

230.56 Service Conductor with the Higher Voltage to 
Ground. On a 4-wire, delta-connected service where the 
midpoint of one phase winding is grounded, the service 
conductor having the higher phase voltage to ground shall 
be durably and permanently marked by an outer finish that 
is orange in color, or by other effective means, at each 
termination or junction point. 

V. Service Equipment — General 


(C) Service Heads and Goosenecks Above Service-Drop 230.62 Service Equipment — Enclosed or Guarded. En- 

or Overhead Service Attachment. Service heads and ergized parts of service equipment shall be enclosed as 


Table 230.51(C) Supports 


Minimum Clearance 



Maximum Distance Between 
Supports 

Between Conductors 

From Surface 

Volts 

m 

ft 

mm 

in. 

mm 

in. 

1000 [ROP 4-136] 

2.7 

9 

150 

6 

50 

2 

1000 [ROP 4-136] 

4.5 

15 

300 

12 

50 

2 

300 

1.4 

4Vi 

75 

3 

50 

2 

1000* [ROP 4-136] 

1.4* 

41/2* 

65* 

2 V 2 * 

25* 

1 * 


*Where not exposed to weather. 
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specified in 230.62(A) or guarded as specified in 
230.62(B). 

(A) Enclosed. Energized parts shall be enclosed so that 
they will not be exposed to accidental contact or shall be 
guarded as in 230.62(B). 

(B) Guarded. Energized parts that are not enclosed shall 
be installed on a switchboard, panelboard, or control board 
and guarded in accordance with 110.18 and 110.28. Where 
energized parts are guarded as provided in 110.28(A)(1) 
and (A)(2), a means for locking or sealing doors providing 
access to energized parts shall be provided. 

230.66 Marking. Service equipment rated at 1000 volts or 
less shall be marked to identify it as being suitable for use 
as service equipment. All service equipment shall be listed. 
Individual meter socket enclosures shall not be considered 
service equipment. [ROP 4-141] 

VI. Service Equipment — Disconnecting Means 

230.70 General. Means shall be provided to disconnect all 
conductors in a building or other structure from the service- 
entrance conductors. 

(A) Location. The service disconnecting means shall be 
installed in accordance with 230.70(A)(1), (A)(2), and 
(A)(3). 

(1) Readily Accessible Location. The seryi^Qisconnect 
ing means shall be installed at a readily accessible location 
either outside of a building or structure or inside nearest the 
point of entrance of the service co 

(2) Bathrooms. Service discoj 
installed in bathrooms. 



(3) Remote Control. Where a remote control d'evice(s) is 
used to actuate the service disconnecting mefls, the service 
disconnecting means shall be located in accordance with 
230.70(A)(1). 

(B) Marking. Each service disconnect shall be perma¬ 
nently marked to identify it as a service disconnect. 

(C) Suitable for Use. Each service disconnecting means 
shall be suitable for the prevailing conditions. Service 
equipment installed in hazardous (classified) locations shall 
comply with the requirements of Articles 500 through 517. 


switches and sets of circuit breakers, mounted in a single 
enclosure, in a group of separate enclosures, or in or on a 
switchboard or in switchgear. There shall be not more than 
six sets of disconnects per service grouped in any one lo¬ 
cation. [ROP 4-14m] 

For the purpose of this section, disconnecting means 
installed as part of listed equipment and used solely for the 
following shall not be considered a service disconnecting 
means: 

(1) Power monitoring equipment 

(2) Surge-protective device(s) 

(3) Control circuit of the ground-fault protection system 

(4) Power-operable service disconnecting means 

(B) Single-Pole Unit s. Two or three single-pole switches 
or breakers, capable of individual operation, shall be per¬ 
mitted on multiwire,circuits, one pole for each ungrounded 
conductor, as one multipole disconnect, provided they are 
equipped ^dffi identified handle ties or a master handle to 
disconnect all conductors of the service with no more than 
sixoperations^af the hand. 

informational Note: See 408.36, Exception No. 1 and Ex- 
eption Wo. 3, for service equipment in certain panelboards, 
and see 4jjf).95 for service equipment in motor control 

uping of Disconnects. 

General. The two to six disconnects as permitted in 
4.71 shall be grouped. Each disconnect shall be marked 
indicate the load served. 

Exception: One of the two to six service disconnecting 
means permitted in 230.71, where used only for a water 
pump also intended to provide fire protection, shall be per¬ 
mitted to be located remote from the other disconnecting 
means. If remotely installed in accordance with this excep¬ 
tion, a plaque shall be posted at the location of the remain¬ 
ing grouped disconnects denoting its location. 

(B) Additional Service Disconnecting Means. The one or 

more additional service disconnecting means for fire 
pumps, emergency systems, legally required standby, or op¬ 
tional standby services permitted by 230.2 shall be installed 
remote from the one to six service disconnecting means for 
normal service to minimize the possibility of simultaneous 
interruption of supply. 



230.71 Maximum Number of Disconnects. 

(A) General. The service disconnecting means for each 
service permitted by 230.2, or for each set of service- 
entrance conductors permitted by 230.40, Exception No. 1, 
3, 4, or 5, shall consist of not more than six switches or sets 
of circuit breakers, or a combination of not more than six 


(C) Access to Occupants. In a multiple-occupancy build¬ 
ing, each occupant shall have access to the occupant’s ser¬ 
vice disconnecting means. 

Exception: In a multiple-occupancy building where elec¬ 
tric service and electrical maintenance are provided by the 
building management and where these are under continu¬ 
ous building management supervision, the service discon- 
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meeting means supplying more than one occupancy shall be 
permitted to be accessible to authorized management per¬ 
sonnel only. 

230.74 Simultaneous Opening of Poles. Each service dis¬ 
connect shall simultaneously disconnect all ungrounded 
service conductors that it controls from the premises wiring 
system. 

230.75 Disconnection of Grounded Conductor. Where 
the service disconnecting means does not disconnect the 
grounded conductor from the premises wiring, other means 
shall be provided for this purpose in the service equipment. 
A terminal or bus to which all grounded conductors can be 
attached by means of pressure connectors shall be permit¬ 
ted for this purpose. In a multisection switchboard or 
switchgear, disconnects for the grounded conductor shall be 
permitted to be in any section of the switchboard or switch- 
gear, provided that any such switchboard or switchgear sec¬ 
tion is marked. [ROP 4-153, ROP 9-14n] 

230.76 Manually or Power Operable. The service dis¬ 
connecting means for ungrounded service conductors shall 
consist of one of the following: 

(1) A manually operable switch or circuit breaker eqi 
with a handle or other suitable operating means 

(2) A power-operated switch or circuit breaker, provii 
the switch or circuit breaker can be opened by hand 
the event of a power supply fail 




means shall 
closed (on) 


230.77 Indicating. The service 
plainly indicate whether it isaj 
position. 


230.79 Rating of Service Disconnecting Means. The ser¬ 
vice disconnecting means shall have a rating not less than 
the calculated load to be carried, determined in accordance 
with Part III, IV, or V of Article 220, as applicable. In no 
case shall the rating be lower than specified in 230.79(A), 
(B), (C), or (D). 

(A) One-Circuit Installations. For installations to supply 
only limited loads of a single branch circuit, the service 
disconnecting means shall have a rating of not less than 15 
amperes. 

(B) Two-Circuit Installations. For installations consisting 
of not more than two 2-wire branch circuits, the service 
disconnecting means shall have a rating of not less than 30 
amperes. 

(C) One-Family Dwellings. For a one-family dwelling, 
the service disconnecting means shall have a rating of not 
less than 100 amperes, 3-wire. 


(D) All Others. For all other installations, the service dis¬ 
connecting means shall have a rating of not less than 60 
amperes. 

230.80 Combined Rating of Disconnects. Where the ser¬ 
vice disconnecting means consists of more than one switch 
or circuit breaker, as permitted by 230.71, the combined 
ratings of all the switches or circuit breakers used shall not 
be less than the rating required by 230.79. 

230.81 Connection to Terminals. The service conductors 
shall be connected to the service disconnecting means by 
pressure connectors, clamps, or other approved means. 
Connections that depend on solder shall not be used. 

230.82 Equipment Connected to the Supply Side of Ser¬ 

vice Disconnect. Only the following equipment shall be 
permitted tq be connected to the supply side of the service 
disc.oroecting : 

able limiters or other current-limiting devices. 

rs and metewfockets nominally rated not in excess 
00 volts, provided all metal housings and service 
closures are grounded in accordance with Part VII 
bonded in accordance with Part V of Article 250. 
4-154] 

,eter disconnect switches nominally rated not in ex- 
ess of 1000 volts that have a short-circuit current rat¬ 
ing equal to or greater than the available short-circuit 
current, provided all metal housings and service enclo¬ 
sures are grounded in accordance with Part VII and 
bonded in accordance with Part V of Article 250. A 
meter disconnect switch shall be capable of interrupt¬ 
ing the load served. [ROP 4-154] 

(4) Instrument transformers (current and voltage), imped¬ 
ance shunts, load management devices, surge arresters, 
and Type 1 surge-protective devices. 

(5) Taps used only to supply load management devices, 
circuits for standby power systems, fire pump equip¬ 
ment, and fire and sprinkler alarms, if provided with 
service equipment and installed in accordance with re¬ 
quirements for service-entrance conductors. 

Solar photovoltaic systems, fuel cell systems, or inter¬ 
connected electric power production sources. 

Control circuits for power-operable service disconnect¬ 
ing means, if suitable overcurrent protection and dis¬ 
connecting means are provided. 

Ground-fault protection systems or Type 2 surge- 
protective devices, where installed as part of listed 
equipment, if suitable overcurrent protection and dis¬ 
connecting means are provided. 

Connections used only to supply listed communications 
equipment under the exclusive control of the serving 
electric utility, if suitable overcurrent protection and 


( 6 ) 


(7) 


( 8 ) 


(9) 
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disconnecting means are provided. For installations of 
equipment by the serving electric utility, a disconnect¬ 
ing means is not required if the supply is installed as 
part of a meter socket, such that access can only be 
gained with the meter removed. 


230.93 Protection of Specific Circuits. Where necessary 
to prevent tampering, an automatic overcurrent device that 
protects service conductors supplying only a specific load, 
such as a water heater, shall be permitted to be locked or 
sealed where located so as to be accessible. 


VII. Service Equipment — Overcurrent Protection 

230.90 Where Required. Each ungrounded service con¬ 
ductor shall have overload protection. 

(A) Ungrounded Conductor. Such protection shall be 
provided by an overcurrent device in series with each un¬ 
grounded service conductor that has a rating or setting not 
higher than the allowable ampacity of the conductor. A set 
of fuses shall be considered all the fuses required to protect 
all the ungrounded conductors of a circuit. Single-pole cir¬ 
cuit breakers, grouped in accordance with 230.71(B), shall 
be considered as one protective device. 

Exception No. 1: For motor-starting currents, ratings that 
comply with 430.52, 430.62, and 430.63 shall be permitted. 

Exception No. 2: Fuses and circuit breakers with a rating 
or setting that complies with 240.4(B) or (C) and 240.6 
shall be permitted. 

Exception No. 3: Two to six circuit breakers or sets of 
fuses shall be permitted as the overcurrent device to pro¬ 
vide the overload protection. The sum of the ratings of the 
circuit breakers or fuses shall be permitted Jo exceed] the 
ampacity of the service conductors, provide 
load does not exceed the ampacity of 
conductors. 

Exception No. 4: Overload protection for fire pomp : 
conductors shall comply with 695.4(B)(2)(a). %f 

Exception No. 5: Overload protection for 120/240-volt, 

3- wire, single-phase dwelling services shall be permitted in 
accordance with the requirements of 3H0.1${B)(7). [ROP 

4- 157] 

(B) Not in Grounded Conductor. No overcurrent device 
shall be inserted in a grounded service conductor except a 
circuit breaker that simultaneously opens all conductors of 
the circuit. 

230.91 Location. The service overcurrent device shall be 
an integral part of the service disconnecting means or shall 
be located immediately adjacent thereto. 

230.92 Locked Service Overcurrent Devices. Where the 
service overcurrent devices are locked or sealed or are not 
readily accessible to the occupant, branch-circuit or feeder 
overcurrent devices shall be installed on the load side, shall 
be mounted in a readily accessible location, and shall be of 
lower ampere rating than the service overcurrent device. 


230.94 Relative Location of Overcurrent Device and 
Other Service Equipment. The overcurrent device shall 
protect all circuits and devices. 

Exception No. 1: The service switch shall be permitted on 
the supply side. 

Exception No. 2: High-impedance shunt circuits, surge 
arresters, Type 1 surge-protective devices, surge-protective 
capacitors, and instrument transformers (current and volt¬ 
age) shall be permitted to be connected and installed on the 
supply side of the service disconnecting means as permitted 
by 230.82. 

ExceptionjyW. 3: Circuits for load management devices 
shall be permitted to be connected on the supply side of the 
service overcurrent device^^here separately provided with 
o \> W$u rren tjiro lection. 



Except 
ire alar]) 


irately ' 


o. 4: Circuits used only for the operation of 
er protective signaling systems, or the supply 
ipment shall be permitted to be connected 
’side of the service overcurrent device where 
rovided with overcurrent protection. 

ception No. 5: Meters nominally rated not in excess of 
volts shall be permitted, provided all metal housings 
d service enclosures are grounded. 

Exception No. 6: Where service equipment is power oper¬ 
able, the control circuit shall be permitted to be connected 
ahead of the service equipment if suitable overcurrent pro¬ 
tection and disconnecting means are provided. 


230.95 Ground-Lault Protection of Equipment. Ground- 
fault protection of equipment shall be provided for solidly 
grounded wye electric services of more than 150 volts to 
ground but not exceeding 1000 volts phase-to-phase for 
each service disconnect rated 1000 amperes or more. The 
grounded conductor for the solidly grounded wye system 
shall be connected directly to ground through a grounding 
electrode system, as specified in 250.50, without inserting 
any resistor or impedance device. [ROP 4-158] 

The rating of the service disconnect shall be considered 
to be the rating of the largest fuse that can be installed or 
the highest continuous current trip setting for which the 
actual overcurrent device installed in a circuit breaker is 
rated or can be adjusted. 

Exception: The ground-fault protection provisions of this 
section shall not apply to a service disconnect for a con¬ 
tinuous industrial process where a nonorderly shutdown 
will introduce additional or increased hazards. 
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(A) Setting. The ground-fault protection system shall op¬ 
erate to cause the service disconnect to open all un¬ 
grounded conductors of the faulted circuit. The maximum 
setting of the ground-fault protection shall be 1200 am¬ 
peres, and the maximum time delay shall be one second for 
ground-fault currents equal to or greater than 3000 am¬ 
peres. 


230.202 Service-Entrance Conductors. Service-entrance 
conductors to buildings or enclosures shall be installed to 
conform to 230.202(A) and (B). 

(A) Conductor Size. Service-entrance conductors shall not 
be smaller than 6 AWG unless in multiconductor cable. 
Multiconductor cable shall not be smaller than 8 AWG. 


(B) Fuses. If a switch and fuse combination is used, the 
fuses employed shall be capable of interrupting any current 
higher than the interrupting capacity of the switch during a 
time that the ground-fault protective system will not cause 
the switch to open. 

(C) Performance Testing. The ground-fault protection 
system shall be performance tested when first installed on 
site. The test shall be conducted in accordance with instruc¬ 
tions that shall be provided with the equipment. A written 
record of this test shall be made and shall be available to 
the authority having jurisdiction. 

Informational Note No. 1: Ground-fault protection that 
functions to open the service disconnect affords no protec¬ 
tion from faults on the line side of the protective element. It 
serves only to limit damage to conductors and equipment 
on the load side in the event of an arcing ground faul 
the load side of the protective element. 

Informational Note No. 2: This added protective equ 
ment at the service equipment may make it nece ssary 
review the overall wiring system for proper selective over¬ 
current protection coordination. Additio^il mstallatitms of 
ground-fault protective equipment mi 
ers and branch circuits where maximi 
trie service is necessary. 

Informational Note No. 3: 
is provided for the servii 
is made with another sup 
means or devices may bi 
fault sensing by the groum 


sconnec 
y system by 
ded to ensuri 
r protectii 




rrotection 
interconnection 
ransfer device, 
broper ground- 
fequipment. 


Informational Note No. 4: See‘^f-y^l-|!(j&) for information 
on where an additional step of grouna-fault protection is 
required for hospitals and other buildings with critical areas 
or life support equipment. 


VIII. Services Exceeding 1000 Volts, Nominal 
[ROP 4-160] 

230.200 General. Service conductors and equipment used 
on circuits exceeding 1000 volts, nominal, shall comply 
with all the applicable provisions of the preceding sections 
of this article and with the following sections that supple¬ 
ment or modify the preceding sections. In no case shall the 
provisions of Part VIII apply to equipment on the supply 
side of the service point. [ROP 4-162a] 

Informational Note: For clearances of conductors of over 
1000 volts, nominal, see ANSI C2-2007, National Electri¬ 
cal Safety Code. [ROP 4-162a] 


(B) Wiring Methods. Service-entrance conductors shall 
be installed by one of the wiring methods covered in 
300.37 and 300.50. 

230.204 Isolating Switches. 

(A) Where Required. Where oil switches or air, oil, 
vacuum, or sulfur hexafluoride circuit breakers constitute 
the service disconnecting means, an isolating switch with 
visible break contacts shall be installed on the supply side 
of the disconnecting means and all associated service 
equip 

r eption: An isblating switch shall not be required where 
e circuit breaker oWnvitch is mounted on removable truck 
ane^mr switchgear units where both of the following con- 
on's apply: [ROP 9-14o, ROP 4-163] 


Cannot be opened unless the circuit is disconnected. 

here all energized parts are automatically discon¬ 
nected when the circuit breaker or switch is removed 
from the normal operating position. 

(B) Fuses as Isolating Switch. Where fuses are of the type 
that can be operated as a disconnecting switch, a set of such 
fuses shall be permitted as the isolating switch. 

(C) Accessible to Qualified Persons Only. The isolating 
switch shall be accessible to qualified persons only. 

(D) Connection to Ground. Isolating switches shall be 
provided with a means for readily connecting the load side 
conductors to a grounding electrode system, equipment 
ground busbar, or grounded steel structure when discon¬ 
nected from the source of supply. 

A means for grounding the load side conductors to a 
grounding electrode system, equipment grounding busbar, 
or grounded structural steel shall not be required for any 
duplicate isolating switch installed and maintained by the 
electric supply company. 

230.205 Disconnecting Means. 

(A) Location. The service disconnecting means shall be 
located in accordance with 230.70. 

For either overhead or underground primary distribu¬ 
tion systems on private property, the service disconnect 
shall be permitted to be located in a location that is not 
readily accessible, if the disconnecting means can be oper- 
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ated by mechanical linkage from a readily accessible point, 
or electronically in accordance with 230.205(C), where ap¬ 
plicable. 

(B) Type. Each service disconnect shall simultaneously 
disconnect all ungrounded service conductors that it con¬ 
trols and shall have a fault-closing rating that is not less 
than the maximum short-circuit current available at its sup¬ 
ply terminals. 

Where fused switches or separately mounted fuses are 
installed, the fuse characteristics shall be permitted to con¬ 
tribute to the fault-closing rating of the disconnecting 
means. 


230.209 Surge Arresters (Lightning Arresters). Surge 
arresters installed in accordance with the requirements of 
Article 280 shall be permitted on each ungrounded over¬ 
head service conductor. 

230.210 Service Equipment — General Provisions. Ser¬ 
vice equipment, including instrument transformers, shall 
conform to Article 490, Part I. 

230.211 Switchgear. Switchgear shall consist of a substan¬ 
tial metal structure and a sheet metal enclosure. Where 
installed over a combustible floor, suitable protection 
thereto shall be provided. [ROP 9-14p. ROP 4-165] 


(C) Remote Control. For multibuilding, industrial instal¬ 
lations under single management, the service disconnecting 
means shall be permitted to be located at a separate build¬ 
ing or structure. In such cases, the service disconnecting 
means shall be permitted to be electrically operated by a 
readily accessible, remote-control device. 

230.206 Overcurrent Devices as Disconnecting Means. 

Where the circuit breaker or alternative for it, as specified 
in 230.208 for service overcurrent devices, meets the re¬ 
quirements specified in 230.205, they shall constitute thi 
service disconnecting means. 

230.208 Protection Requirements. A short-circuit protec 
five device shall be provided on the load side of, or a| an 
integral part of, the service disconnect, and shall protect all 
ungrounded conductors that it supplies. The' proteci 
vice shall be capable of detecting andjg|en'upBng all val- 

elting point, 
ontinuous 

amperes not to exceed three tirhes the ampacity of the con¬ 
ductor, or a circuit breaker with a trip setting of not more 
than six times the ampacity of the conductors, shall be 
considered as providing the required short-circuit protec¬ 
tion. 

Informational Note: See Table 310.60(C)(67) through 
Table 310.60(C)(86) for ampacities of conductors rated 
2001 volts and above. 


ues of current, in excess of its trip ,setting or 
that can occur at its location. A fuse rated tH 


230.212 Over 35,000 Volts. Where the voltage exceeds 
35,000 volts between conductors that enter a building, they 
shall terminate h^Kwitchgear compartment or a vault con¬ 
forming to the requirements of 450.41 through 450.48. 

[ROP 9-14q, ROP 4-165a] 


ARTICLE 240 
vercurrent Protection 


40.1 Scope. Parts I through VII of this article provide the 
reral requirements for overcurrent protection and over- 
^current protective devices not more than 1000 volts, nomi¬ 
nal. Part VIII covers overcurrent protection for those por¬ 
tions of supervised industrial installations operating at 
voltages of not more than 1000 volts, nominal. Part IX 
covers overcurrent protection over 1000 volts, nominal. 
[ROP 10-16] 

Informational Note: Overcurrent protection for conductors 
and equipment is provided to open the circuit if the current 
reaches a value that will cause an excessive or dangerous 
temperature in conductors or conductor insulation. See also 
110.9 for requirements for interrupting ratings and 110.10 
for requirements for protection against fault currents. 



Overcurrent devices shall conform to 230.208(A) and 
(B). 

(A) Equipment Type. Equipment used to protect service- 
entrance conductors shall meet the requirements of Article 
490, Part II. 

(B) Enclosed Overcurrent Devices. The restriction to 
80 percent of the rating for an enclosed overcurrent device 
for continuous loads shall not apply to overcurrent devices 
installed in systems operating at over 1000 volts. [ROP 
4-164] 


240.2 Definitions. 

Current-Limiting Overcurrent Protective Device. A de¬ 
vice that, when interrupting currents in its current-limiting 
range, reduces the current flowing in the faulted circuit to a 
magnitude substantially less than that obtainable in the 
same circuit if the device were replaced with a solid con¬ 
ductor having comparable impedance. 

Supervised Industrial Installation. For the purposes of 
Part VIII, the industrial portions of a facility where all of 
the following conditions are met: 
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(1) Conditions of maintenance and engineering supervision 
ensure that only qualified persons monitor and service 
the system. 

(2) The premises wiring system has 2500 kVA or greater of 
load used in industrial process(es), manufacturing ac¬ 
tivities, or both, as calculated in accordance with Ar¬ 
ticle 220. 

(3) The premises has at least one service or feeder that is 
more than 150 volts to ground and more than 300 volts 
phase-to-phase. 

This definition excludes installations in buildings used 
by the industrial facility for offices, warehouses, garages, 
machine shops, and recreational facilities that are not an 
integral part of the industrial plant, substation, or control 
center. 

Tap Conductors. As used in this article, a tap conductor is 
defined as a conductor, other than a service conductor, that 
has overcurrent protection ahead of its point of supply that 
exceeds the value permitted for similar conductors that are 
protected as described elsewhere in 240.4. 

240.3 Other Articles. Equipment shall be protected 
against overcurrent in accordance with the article *4his 
Code that covers the type of equipment specified in 
240.3. 

240.4 Protection of Conductors. Conductors, other tHS 
flexible cords, flexible cables, and fixture wire W shall be 
protected against overcurrent in accordance wg 
pacifies specified in 310.15, unless otherwise permifFetTTSr 
required in 240.4(A) through^ 


Table 240.3 Other Articles 



007 for infor- 
for insulated 


Informational Note: S' 
mation on allowable 
copper and aluminum corS 


(A) Power Loss Hazard. Conductor (Overload protection 
shall not be required where the interruption of the circuit 
would create a hazard, such as in a material-handling mag¬ 
net circuit or fire pump circuit. Short-circuit protection 
shall be provided. 

Informational Note: See NFPA 20-2010, Standard for the 
Installation of Stationary Pumps for Fire Protection. 

(B) Overcurrent Devices Rated 800 Amperes or Less. 

The next higher standard overcurrent device rating (above 
the ampacity of the conductors being protected) shall be 
permitted to be used, provided all of the following condi¬ 
tions are met: 

(1) The conductors being protected are not part of a branch 
circuit supplying more than one receptacle for cord- 
and-plug-connected portable loads. 

(2) The ampacity of the conductors does not correspond 
with the standard ampere rating of a fuse or a circuit 


Equipment 

Article 

Air-conditioning and refrigerating 

440 

equipment 

Appliances 

422 

Assembly occupancies 

518 

Audio signal processing, 

640 

amplification, and reproduction 
equipment 

Branch circuits 

210 

Busways 

368 

Capacitors 

460 

Class 1, Class 2, and Class 3 

725 

remote-control, signaling, and 
power-limited circuits 

Cranes and hoists 

610 

Electric sign^and outline lighting 

600 

Electric welders 

630 

Electrolytic cells 

668 

Elevators, dumbwaiters, escalators, 

620 

moving walks, wheelchair lifts, and 

Stairway chairlifts^, \ 

.Emergency systems 

700 

Fire alarm systems 

760 

Fire pumps 

695 

Fixed electric heating equipment for 

427 

pipelines and vessels 

Fixed electric space-heating 

424 

equipment 

Fixed outdoor electric deicing and 

426 

snow-melting equipment 

Generators 

445 

Health care facilities 

517 

Induction and dielectric heating 

665 

equipment 

Industrial machinery 

670 

Luminaires, lampholders, and lamps 

410 

Motion picture and television studios 

530 

and similar locations 

Motors, motor circuits, and 

430 

controllers 

Phase converters 

455 

Pipe organs 

650 

Receptacles 

406 

Services 

230 

Solar photovoltaic systems 

690 

Switchboards and panelboards 

408 

Theaters, audience areas of motion 

520 

picture and television studios, and 
similar locations 

Transformers and transformer vaults 

450 

X-ray equipment 

660 


breaker without overload trip adjustments above its rat¬ 
ing (but that shall be permitted to have other trip or 
rating adjustments). 

(3) The next higher standard rating selected does not ex¬ 
ceed 800 amperes. 

(C) Overcurrent Devices Rated over 800 Amperes. 

Where the overcurrent device is rated over 800 amperes, 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-95 







240.5 


ARTICLE 240 — OVERCURRENT PROTECTION 


the ampacity of the conductors it protects shall be equal to 
or greater than the rating of the overcurrent device defined 
in 240.6. 

(D) Small Conductors. Unless specifically permitted in 
240.4(E) or (G), the overcurrent protection shall not exceed 
that required by (D)(1) through (D)(7) after any correction 
factors for ambient temperature and number of conductors 
have been applied. 

(1) 18 AWG Copper. 7 amperes, provided all the follow¬ 
ing conditions are met: 

(1) Continuous loads do not exceed 5.6 amperes. 

(2) Overcurrent protection is provided by one of the fol¬ 
lowing: 

a. Branch-circuit-rated circuit breakers listed and 
marked for use with 18 AWG copper wire 

b. Branch-circuit-rated fuses listed and marked for use 
with 18 AWG copper wire 

c. Class CC, Class J, or Class T fuses 

(2) 16 AWG Copper. 10 amperes, provided all the follow¬ 
ing conditions are met: 

(1) Continuous loads do not exceed 8 amperes. 

(2) Overcurrent protection is provided by one of the fol¬ 
lowing: 

a. Branch-circuit-rated circuit breakers listed and 
marked for use with 16 AWG copper wire 

b. Branch-circuit-rated fuses listed and marked fo? 
with 16 AWG copper wire 

c. Class CC, Class J, or Class T fuses' 

(3) 14 AWG Copper. 15 amperes 

(4) 12 AWG Aluminum and 

15 amperes 

(5) 12 AWG Copper. 20 amperes 

(6) 10 AWG Aluminum and 

25 amperes 

(7) 10 AWG Copper. 30 amperes 

(E) Tap Conductors. Tap conductors shall be permitted to 
be protected against overcurrent in accordance with the fol¬ 
lowing: 

(1) 210.19(A)(3) and (A)(4), Household Ranges and Cook¬ 
ing Appliances and Other Loads 

(2) 240.5(B)(2), Fixture Wire 

(3) 240.21, Location in Circuit 

(4) 368.17(B), Reduction in Ampacity Size of Busway 

(5) 368.17(C), Feeder or Branch Circuits (busway taps) 

(6) 430.53(D), Single Motor Taps 

(F) Transformer Secondary Conductors. Single-phase 
(other than 2-wire) and multiphase (other than delta-delta, 


Aluminum, 


3-wire) transformer secondary conductors shall not be con¬ 
sidered to be protected by the primary overcurrent protec¬ 
tive device. Conductors supplied by the secondary side of a 
single-phase transformer having a 2-wire (single-voltage) 
secondary, or a three-phase, delta-delta connected trans¬ 
former having a 3-wire (single-voltage) secondary, shall be 
permitted to be protected by overcurrent protection pro¬ 
vided on the primary (supply) side of the transformer, pro¬ 
vided this protection is in accordance with 450.3 and does 
not exceed the value determined by multiplying the second¬ 
ary conductor ampacity by the secondary-to-primary trans¬ 
former voltage ratio. 

(G) Overcurrent Protection for Specific Conductor Ap¬ 
plications. Overcurrent protection for the specific conduc¬ 
tors shall be permitted to be provided as referenced in Table 
240.4(G). 




Air-cqnditioi 
refrigeratio: 
equipmenRcircuit 
conduct® 

or circuit 

ol ana 

nstrumentation 
L circuit conductors 
ype ITC) 

Metric welder 
circuit conductors 
Fire alarm system 
circuit conductors 


Motor-operated 
appliance circuit 
conductors 
Motor and 
motor-control 
circuit conductors 
Phase converter 
supply conductors 
Remote-control, 
signaling, and 
power-limited 
circuit conductors 
Secondary tie 
conductors 


727 

630 

760 

422, Part II 


430, Parts II, III, 
IV, V, VI, 

VII[ROP10-20] 

455 

725 


450 


460.8(B) and 
460.25(A)-(D) 
727.9 


630.12 and 630.32 

760.43, 760.45, 
760.121, and Chapter 
9, Tables 12(A) and 
12(B) 


455.7 

725.43, 725.45, 
725.121, and Chapter 
9, Tables 11(A) and 
11(B) 

450.6 


240.5 Protection of Flexible Cords, Flexible Cables, and 
Fixture Wires. Flexible cord and flexible cable, including 
tinsel cord and extension cords, and fixture wires shall be 
protected against overcurrent by either 240.5(A) or (B). 

(A) Ampacities. Flexible cord and flexible cable shall be 
protected by an overcurrent device in accordance with their 
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ampacity as specified in Table 400.5(A)(1) and Table 
400.5(A)(2). Fixture wire shall be protected against over¬ 
current in accordance with its ampacity as specified in 
Table 402.5. Supplementary overcurrent protection, as cov¬ 
ered in 240.10, shall be permitted to be an acceptable 
means for providing this protection. 

(B) Branch-Circuit Overcurrent Device. Flexible cord 
shall be protected, where supplied by a branch circuit, in 
accordance with one of the methods described in 
240.5(B)(1), (B)(3), or (B)(4). Fixture wire shall be pro¬ 
tected, where supplied by a branch circuit, in accordance 
with 240.5(B)(2). 

(1) Supply Cord of Listed Appliance or Luminaire. 

Where flexible cord or tinsel cord is approved for and used 
with a specific listed appliance or luminaire, it shall be 
considered to be protected when applied within the appli¬ 
ance or luminaire listing requirements. For the purposes of 
this section, a luminaire may be either portable or perma¬ 
nent. 

(2) Fixture Wire. Fixture wire shall be permitted to be 
tapped to the branch-circuit conductor of a branch circuit in 
accordance with the following: 

(1) 20-ampere circuits — 18 AWG, up to 15 m (5C 
run length 

(2) 20-ampere circuits — 16 AWG, up to 
run length 

(3) 20-ampere circuits — 14 AWG 

(4) 30-ampere circuits — 14 AWG 

(5) 40-ampere circuits — 12 AWG and 

(6) 50-ampere circuits — 12 AWG'and large 

(3) Extension Cord Sets. Flexible cord used in listed ex¬ 
tension cord sets shall be considered to Me protected when 
applied within the extension co^yist^|; requirements. 

(4) Field Assembled Extension CSrd Sets. Flexible cord 
used in extension cords made with separately listed and 
installed components shall be permitted to be supplied by a 
branch circuit in accordance with the following: 

20-ampere circuits — 16 AWG and larger 

240.6 Standard Ampere Ratings. 

(A) Fuses and Fixed-Trip Circuit Breakers. The stan¬ 
dard ampere ratings for fuses and inverse time circuit 
breakers shall be considered 15, 20, 25, 30, 35, 40, 45, 50, 
60, 70, 80, 90, 100, 110, 125, 150, 175, 200, 225, 250, 300, 
350, 400, 450, 500, 600, 700, 800, 1000, 1200, 1600, 2000, 
2500, 3000, 4000, 5000, and 6000 amperes. Additional 
standard ampere ratings for fuses shall be 1,3, 6, 10, and 
601. The use of fuses and inverse time circuit breakers with 
nonstandard ampere ratings shall be permitted. 



(B) Adjustable-Trip Circuit Breakers. The rating of 
adjustable-trip circuit breakers having external means for 
adjusting the current setting (long-time pickup setting), not 
meeting the requirements of 240.6(C), shall be the maxi¬ 
mum setting possible. 

(C) Restricted Access Adjustable-Trip Circuit Break¬ 
ers. A circuit breaker(s) that has restricted access to the 
adjusting means shall be permitted to have an ampere rat¬ 
ing^) that is equal to the adjusted current setting (long-time 
pickup setting). Restricted access shall be defined as lo¬ 
cated behind one of the following: 

(1) Removable and sealable covers over the adjusting 
means 

(2) Bolted equipment enclosure doors 

(3) Locked doors accessible only to qualified personnel 

240.8 Fuses or Circuit Breakers in Parallel. Fuses and 
circuit breakers shall be permitted to be connected in par- 

where they are factory assembled in parallel and listed 
s a uniljilndividual rases, circuit breakers, or combinations 
ereof shall not otherwise be connected in parallel. 

240.9 Thermal Devices. Thermal relays and other devices 
ot designed to open short circuits or ground faults shall 

used for the protection of conductors against over¬ 
current due to short circuits or ground faults, but the use of 
such devices shall be permitted to protect motor branch- 
circuit conductors from overload if protected in accordance 
with 430.40. 

240.10 Supplementary Overcurrent Protection. Where 
supplementary overcurrent protection is used for lumi¬ 
naires, appliances, and other equipment or for internal cir¬ 
cuits and components of equipment, it shall not be used as 
a substitute for required branch-circuit overcurrent devices 
or in place of the required branch-circuit protection. 
Supplementary overcurrent devices shall not be required to 
be readily accessible. 

240.11 Oversized Ungrounded Conductors. Where cir¬ 
cuit conductors are increased in size for voltage drop or 
derating purposes, the conductors shall be marked or 
tagged at the point where the conductor(s) receive their 
supply with the maximum level of overcurrent protection. 
The identification means shall be suitable for the environ¬ 
ment. [ROP 10-18] 

Exception: Where conditions of maintenance and engi¬ 
neering supervision ensure that only qualified persons 
monitor, service, and document the system. [ROP 10-18] 

240.12 Electrical System Coordination. Where an or¬ 
derly shutdown is required to minimize the hazard(s) to 
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personnel and equipment, a system of coordination based 
on the following two conditions shall be permitted: 

(1) Coordinated short-circuit protection 

(2) Overload indication based on monitoring systems or 
devices 


dividual single-pole circuit breakers rated 120/240 volts ac 
with identified handle ties shall be permitted as the protec¬ 
tion for each ungrounded conductor, if the systems have a 
grounded neutral point and the voltage to ground does not 
exceed 120 volts. 


Informational Note: The monitoring system may cause the 
condition to go to alarm, allowing corrective action or an 
orderly shutdown, thereby minimizing personnel hazard 
and equipment damage. 

240.13 Ground-Fault Protection of Equipment. Ground- 
fault protection of equipment shall be provided in accor¬ 
dance with the provisions of 230.95 for solidly grounded 
wye electrical systems of more than 150 volts to ground but 
not exceeding 1000 volts phase-to-phase for each indi¬ 
vidual device used as a building or structure main discon¬ 
necting means rated 1000 amperes or more. [ROP 10-24] 
The provisions of this section shall not apply to the 
disconnecting means for the following: 

(1) Continuous industrial processes where a nonorderly 
shutdown will introduce additional or increased haz¬ 
ards 

(2) Installations where ground-fault protection is provided 
by other requirements for services or feeders 

(3) Fire pumps 

240.15 Ungrounded Conductors. 

(A) Overcurrent Device Required. A fuse or an oved 
rent trip unit of a circuit breaker shall be connecte! 
series with each ungrounded conductor. A combmati; 
current transformer and overcurrent r elay shall be ( isid- 
ered equivalent to an overcurrent 

Informational Note: For moto, 
and XI of Article 430. 

(B) Circuit Breaker as Overcurrent Device. Circuit 
breakers shall open all ungrounded conductors^)!' the circuit 
both manually and automatically unless otherwise permit¬ 
ted in 240.15(B)(1), (B)(2), (B)(3), and (B)(4). 


(4) 3-Wire Direct-Current Circuits. Individual single¬ 
pole circuit breakers rated 125/250 volts dc with identified 
handle ties shall be permitted as the protection for each 
ungrounded conductor for line-to-line connected loads for 
3-wire, direct-current circuits supplied from a system with 
a grounded neutral where the voltage to ground does not 
exceed 125 volts. 


II. Location 

240.21 Locatio 

be provided i 
be located 

supply a^tept as sped 
ductprS/Supplied under 



Circuit. Overcurrent protection shall 
grounded circuit conductor and shall 
here the conductors receive their 
240.21(A) through (H). Con- 
thdffipvisions of 240.21(A) through 

(H) ' shall nqUsdpply another conductor except through an 
overcurrent protective device meeting the requirements of 
240.4. 

nch-Circuit Conductors. Branch-circuit tap con¬ 
ductors meeting the requirements specified in 210.19 shall 
P permitted to have overcurrent protection as specified in 
0 . 20 . 

Feeder Taps. Conductors shall be permitted to be 
tapped, without overcurrent protection at the tap, to a 
feeder as specified in 240.21(B)(1) through (B)(5). The pro¬ 
visions of 240.4(B) shall not be permitted for tap conduc¬ 
tors. 

(I) Taps Not over 3 m (10 ft) Long. If the length of the 
tap conductors does not exceed 3 m (10 ft) and the tap 
conductors comply with all of the following: 

(1) The ampacity of the tap conductors is 


(1) Multiwire Branch Circuits. Individual single-pole cir¬ 
cuit breakers, with identified handle ties, shall be permitted 
as the protection for each ungrounded conductor of multi¬ 
wire branch circuits that serve only single-phase line-to- 
neutral loads. 

(2) Grounded Single-Phase Alternating-Current Cir¬ 
cuits. In grounded systems, individual single-pole circuit 
breakers rated 120/240 volts ac, with identified handle ties, 
shall be permitted as the protection for each ungrounded 
conductor for line-to-line connected loads for single-phase 
circuits. 


a. Not less than the combined calculated loads on the 
circuits supplied by the tap conductors, and 

b. Not less than the rating of the equipment containing 
an overcurrent device(s) supplied by the tap conduc¬ 
tors or not less than the rating of the overcurrent 
protective device at the termination of the tap con¬ 
ductors. [ROP 10-32] 

Exception: Listed surge protective device(s) (SPD) in¬ 
stalled in accordance with 285.23 or 285.24. [ROP 10-32] 
(2) The tap conductors do not extend beyond the switch¬ 
board, switchgear, panelboard, disconnecting means, or 
control devices they supply. [ROP 9-14r] 


(3) 3-Phase and 2-Phase Systems. For line-to-line loads 
in 4-wire, 3-phase systems or 5-wire, 2-phase systems, in¬ 


13) Except at the point of connection to the feeder, the tap 
conductors are enclosed in a raceway, which shall ex- 
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tend from the tap to the enclosure of an enclosed 
switchboard, switchgear, panelboard, or control de¬ 
vices, or to the back of an open switchboard. [ROP 
9-14r] 

(4) For field installations, if the tap conductors leave the 
enclosure or vault in which the tap is made, the ampac¬ 
ity of the tap conductors is not less than one-tenth of 
the rating of the overcurrent device protecting the 
feeder conductors. 


walls and the installation complies with all the following 
conditions: 

(1) Conditions of maintenance and supervision ensure that 
only qualified persons service the systems. 

(2) The tap conductors are not over 7.5 m (25 ft) long 
horizontally and not over 30 m (100 ft) total length. 

(3) The ampacity of the tap conductors is not less than 
one-third the rating of the overcurrent device protecting 
the feeder conductors. 


Informational Note: For overcurrent protection require¬ 
ments for panelboards, see 408.36. 

(2) Taps Not over 7.5 m (25 ft) Long. Where the length of 
the tap conductors does not exceed 7.5 m (25 ft) and the tap 
conductors comply with all the following: 

(1) The ampacity of the tap conductors is not less than 
one-third of the rating of the overcurrent device pro¬ 
tecting the feeder conductors. 

(2) The tap conductors terminate in a single circuit breaker 
or a single set of fuses that limit the load to the ampac¬ 
ity of the tap conductors. This device shall be permitted 
to supply any number of additional overcurrent devices 
on its load side. 

(3) The tap conductors are protected from physical i 
by being enclosed in an approved raceway or by other' 
approved means. 


(3) Taps Supplying a Transformer 
ondary Not over 7.5 m (25 ft) Lon] 

ductors supply a transformer and co: 
lowing conditions: 

(1) The conductors supplyi 

have an ampacity qJflSBast one-third 


overcurrent device 
(2) The conductors suppliei 
former shall have an ampa! 
value of the primary-to-secom 



ransformer 
rating of the 
er conductors, 
lary of the trans- 
not less than the 
voltage ratio multi¬ 
plied by one-third of the rating of the overcurrent de¬ 
vice protecting the feeder conductors. 

(3) The total length of one primary plus one secondary 
conductor, excluding any portion of the primary con¬ 
ductor that is protected at its ampacity, is not over 7.5 
m (25 ft). 

(4) The primary and secondary conductors are protected 
from physical damage by being enclosed in an ap¬ 
proved raceway or by other approved means. 

(5) The secondary conductors terminate in a single circuit 
breaker or set of fuses that limit the load current to not 
more than the conductor ampacity that is permitted by 
310.15. 

(4) Taps over 7.5 m (25 ft) Long. Where the feeder is in a 

high bay manufacturing building over 11 m (35 ft) high at 


(4) The tap conductors terminate at a single circuit breaker 
or a single set of fuses that limit the load to the ampac¬ 
ity of the tap conductors. This single overcurrent de¬ 
vice shall be permitted to supply any number of addi¬ 
tional overcurrent devices on its load side. 

(5) The tap conductors are protected from physical damage 
by being enclosed in an approved raceway or by other 
approved means. 

.dors are continuous from end-to-end and 

ontain no sp 

ap conduct'd^ are sized 6 AWG copper or 4 AWG 
inum or larger. 

e tap conductors do not penetrate walls, floors, or 
ilings. 

p is made no less than 9 m (30 ft) from the floor. 

tside Taps of Unlimited Length. Where the con¬ 
ductors are located outside of a building or structure, except 
at the point of load termination, and comply with all of the 
following conditions: 

(1) The tap conductors are protected from physical damage 
in an approved manner. [ROP 10-36] 

(2) The tap conductors terminate at a single circuit breaker 
or a single set of fuses that limits the load to the am¬ 
pacity of the tap conductors. This single overcurrent 
device shall be permitted to supply any number of ad¬ 
ditional overcurrent devices on its load side. [ROP 
10-36] 

(3) The overcurrent device for the tap conductors is an 
integral part of a disconnecting means or shall be lo¬ 
cated immediately adjacent thereto. [ROP 10-36] 

(4) The disconnecting means for the tap conductors is in¬ 
stalled at a readily accessible location complying with 
one of the following: [ROP 10-36] 

a. Outside of a building or structure 

b. Inside, nearest the point of entrance of the tap con¬ 
ductors [ROP 10-36] 

c. Where installed in accordance with 230.6, nearest 
the point of entrance of the tap conductors [ROP 
10-36] 

(C) Transformer Secondary Conductors. A set of con¬ 
ductors feeding a single load, or each set of conductors 
feeding separate loads, shall be permitted to be connected 
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to a transformer secondary, without overcurrent protection 
at the secondary, as specified in 240.21(C)(1) through 
(C)(6). The provisions of 240.4(B) shall not be permitted 
for transformer secondary conductors. 

Informational Note: For overcurrent protection require¬ 
ments for transformers, see 450.3. 

(1) Protection by Primary Overcurrent Device. Conduc¬ 
tors supplied by the secondary side of a single-phase trans¬ 
former having a 2-wire (single-voltage) secondary, or a 
three-phase, delta-delta connected transformer having a 
3-wire (single-voltage) secondary, shall be permitted to be 
protected by overcurrent protection provided on the pri¬ 
mary (supply) side of the transformer, provided this protec¬ 
tion is in accordance with 450.3 and does not exceed the 
value determined by multiplying the secondary conductor 
ampacity by the secondary-to-primary transformer voltage 
ratio. 

Single-phase (other than 2-wire) and multiphase (other 
than delta-delta, 3-wire) transformer secondary conductors 
are not considered to be protected by the primary overcur¬ 
rent protective device. 

(2) Transformer Secondary Conductors Not over 3 m 
(10 ft) Long. If the length of secondary conductor does not 
exceed 3 m (10 ft) and complies with all of the following: 

(1) The ampacity of the secondary conductors is 

a. Not less than the combined calculated loads on the 
circuits supplied by the secondary conductors, In 

b. Not less than the rating of the equipment containing 
an overcurrent device(s) supplied by the secondary 
conductors or not less thai^J^^rating of the 
overcurrent-protective dev^e at the termination of 
the secondary conductors. [ROP 10-39] 

Exception: Listed surge protective device(s) (SPD) in¬ 
stalled in accordance with 285.23^^m85.24. [ROP 10-39] 

(2) The secondary conductors do nor extend beyond the 
switchboard, switchgear, panelboard disconnecting 
means, or control devices they supply. [ROP 9-14s] 

(3) The secondary conductors are enclosed in a raceway, 
which shall extend from the transformer to the enclo¬ 
sure of an enclosed switchboard, switchgear, panel- 
board, or control devices or to the back of an open 
switchboard. [ROP 9-14s] 

(4) For field installations where the secondary conductors 
leave the enclosure or vault in which the supply con¬ 
nection is made, the rating of the overcurrent device 
protecting the primary of the transformer, multiplied by 
the primary to secondary transformer voltage ratio, 
shall not exceed 10 times the ampacity of the second¬ 
ary conductor. 

Informational Note: For overcurrent protection require¬ 
ments for panelboards, see 408.36. 


(3) Industrial Installation Secondary Conductors Not 
over 7.5 m (25 ft) Long. For the supply of switchgear and 
switchboards in industrial installations only, where the 
length of the secondary conductors does not exceed 7.5 m 
(25 ft) and complies with all of the following: [ROP 
10-42] 

(1) Conditions of maintenance and supervision ensure that 
only qualified persons service the systems. 

(2) The ampacity of the secondary conductors is not less 
than the secondary current rating of the transformer, 
and the sum of the ratings of the overcurrent devices 
does not exceed the ampacity of the secondary conduc¬ 
tors. 

(3) All overcurrent devices are grouped. 

(4) The secondary conductors are protected from physical 
damage by being enclosed in an approved raceway or 
by other approved means. 

(4) OutsidelSecondai^Conduetors. Where the conduc¬ 
tors are located outdoors oija building or structure, except 
at the point o^pad termination, and comply with all of the 
following conditions: 

(1) The conductors are protected from physical damage in 
an approved manner. 

(2) The conductors terminate at a single circuit breaker or 
a single set of fuses that limit the load to the ampacity 
of the conductors. This single overcurrent device shall 
be permitted to supply any number of additional over¬ 
current devices on its load side. 

jp) The overcurrent device for the conductors is an integral 
part of a disconnecting means or shall be located im¬ 
mediately adjacent thereto. 

(4) The disconnecting means for the conductors is installed 
at a readily accessible location complying with one of 
the following: 

a. Outside of a building or structure 

b. Inside, nearest the point of entrance of the conduc¬ 
tors 

c. Where installed in accordance with 230.6, nearest 
the point of entrance of the conductors 

(5) Secondary Conductors from a Feeder Tapped 
Transformer. Transformer secondary conductors installed 
in accordance with 240.21(B)(3) shall be permitted to have 
overcurrent protection as specified in that section. 

(6) Secondary Conductors Not over 7.5 m (25 ft) Long. 

Where the length of secondary conductor does not exceed 
7.5 m (25 ft) and complies with all of the following: 

(1) The secondary conductors shall have an ampacity that 
is not less than the value of the primary-to-secondary 
voltage ratio multiplied by one-third of the rating of the 
overcurrent device protecting the primary of the trans¬ 
former. 
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(2) The secondary conductors terminate in a single circuit 
breaker or set of fuses that limit the load current to not 
more than the conductor ampacity that is permitted by 
310.15. 

(3) The secondary conductors are protected from physical 
damage by being enclosed in an approved raceway or 
by other approved means. 


(2) For supplementary overcurrent protection, as described 
in 240.10. 

(3) For overcurrent devices, as described in 225.40 and 
230.92. 

(4) For overcurrent devices adjacent to utilization equip¬ 
ment that they supply, access shall be permitted to be 
by portable means. 


(D) Service Conductors. Service conductors shall be per¬ 
mitted to be protected by overcurrent devices in accordance 
with 230.91. 

(E) Busway Taps. Busways and busway taps shall be per¬ 
mitted to be protected against overcurrent in accordance 
with 368.17. 

(F) Motor Circuit Taps. Motor-feeder and branch-circuit 
conductors shall be permitted to be protected against over¬ 
current in accordance with 430.28 and 430.53, respectively. 

(G) Conductors from Generator Terminals. Conductors 
from generator terminals that meet the size requirement in 
445.13 shall be permitted to be protected against overload 
by the generator overload protective device(s) required by 
445.12. 

(H) Battery Conductors. Overcurrent protection sbl 
permitted to be installed as close as practicable to the 
age battery terminals in an unclassified location. Instal 
tion of the overcurrent protection withiiy&ftazafdbus 
sified) location shall also be permitti 

240.22 Grounded Conductor. No o vercurrent device shall 
be connected in series with any conductor thatds intention¬ 
ally grounded, unless one of the following two'conditions is 
met: 

(I) The overcurrent device opens all conductors of the cir¬ 
cuit, including the grounded conducts, and is designed 
so that no pole can operate independently. 

(2) Where required by 430.36 or 430.37 for motor over¬ 
load protection. 



(B) Occupancy. Each occupant shall have ready access to 
all overcurrent devices protecting the conductors supplying 
that occupancy, unless otherwise permitted in 240.24(B)(1) 
and (B)(2). 

(1) Service and Feeder Overcurrent Devices. Where 
electric service and electrical maintenance are provided by 
the building management and where these are under con¬ 
tinuous building management supervision, the service over¬ 
current devices and feeder overcurrent devices supplying 
more than one occupancy shall be permitted to be acces¬ 
sible only to ar^mzed management personnel in the fol- 
g: 

le-occuparrcy buildings 
rooms or guest suites 

anch-Circuit Overcurrent Devices. Where electric 
nd electrical maintenance are provided by the 
management and where these are under continu- 
uilding management supervision, the branch-circuit 
overcurrent devices supplying any guest rooms or guest 
suites without permanent provisions for cooking shall be 
permitted to be accessible only to authorized management 
personnel. 

(C) Not Exposed to Physical Damage. Overcurrent de¬ 
vices shall be located where they will not be exposed to 
physical damage. 

Informational Note: See 110.11, Deteriorating Agents. 

(D) Not in Vicinity of Easily Ignitible Material. Overcur¬ 
rent devices shall not be located in the vicinity of easily 
ignitible material, such as in clothes closets. 


240.23 Change in Size of Grounded Conductor. Where a 
change occurs in the size of the ungrounded conductor, a 
similar change shall be permitted to be made in the size of 
the grounded conductor. 

240.24 Location in or on Premises. 

(A) Accessibility. Overcurrent devices shall be readily ac¬ 
cessible and shall be installed so that the center of the grip 
of the operating handle of the switch or circuit breaker, 
when in its highest position, is not more than 2.0 m (6 ft 
7 in.) above the floor or working platform, unless one of the 
following applies: 

(1) For busways, as provided in 368.17(C). 


(E) Not Located in Bathrooms. In dwelling units, dormi¬ 
tories, and guest rooms or guest suites, overcurrent devices, 
other than supplementary overcurrent protection, shall not 
be located in bathrooms. 

(F) Not Located over Steps. Overcurrent devices shall not 
be located over steps of a stairway. 

III. Enclosures 
240.30 General. 

(A) Protection from Physical Damage. Overcurrent de¬ 
vices shall be protected from physical damage by one of the 
following: 
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(1) Installation in enclosures, cabinets, cutout boxes, or 
equipment assemblies 

(2) Mounting on open-type switchboards, panelboards, or 
control boards that are in rooms or enclosures free from 
dampness and easily ignitible material and are acces¬ 
sible only to qualified personnel 

(B) Operating Handle. The operating handle of a circuit 
breaker shall be permitted to be accessible without opening 
a door or cover. 

240.32 Damp or Wet Locations. Enclosures for overcur¬ 
rent devices in damp or wet locations shall comply with 


(1) Circuits not exceeding 125 volts between conductors 

(2) Circuits supplied by a system having a grounded neu¬ 
tral point where the line-to-neutral voltage does not 
exceed 150 volts 

(B) Marking. Each fuse, fuseholder, and adapter shall be 
marked with its ampere rating. 

(C) Hexagonal Configuration. Plug fuses of 15-ampere 
and lower rating shall be identified by a hexagonal configu¬ 
ration of the window, cap, or other prominent part to dis¬ 
tinguish them from fuses of higher ampere ratings. 


312.2. 

240.33 Vertical Position. Enclosures for overcurrent de¬ 
vices shall be mounted in a vertical position unless that is 
shown to be impracticable. Circuit breaker enclosures shall 
be permitted to be installed horizontally where the circuit 
breaker is installed in accordance with 240.81. Listed 
busway plug-in units shall be permitted to be mounted in 
orientations corresponding to the busway mounting posi¬ 
tion. 

IV. Disconnecting and Guarding 

240.40 Disconnecting Means for Fuses. Cartridge fuses 
in circuits of any voltage where accessible to other than 
qualified persons, and all fuses in circuits over 15.0' volts to 
ground, shall be provided with a disconnecting^fieani ©n 
their supply side so that each circuit containing fuses can be 
independently disconnected from the sourc^JM pc 
current-limiting device without a disconnecting mean's shall 
be permitted on the supply side of the service disconnecting 
means as permitted by 230.82 .)K single disconnecting 
means shall be permitted on the supply side of more than 
one set of fuses as permitted by 430.112, Exception, for 
group operation of motors and 424.22(fci foivfixed electric 
space-heating equipment. 


(D) No Energized Parts. Plug fuses, fuseholders, and 
adapters shall have no exposed energized parts after fuses 
or fuses and adanteradiave been installed. 

(E) Screw Shell. The screw shell of a plug-type fuseholder 
shall be connected to the load side of the circuit. 

240.51 Edison-Base Fu 

glassification. Plug fuses of the Edison-base type 
issified at not over 125 volts and 30 amperes and 

3W.\ k 

(B) R, eplacement Only. Plug fuses of the Edison-base type 
shall be used only for replacements in existing installations 
Tere there is no evidence of overfusing or tampering. 

8.52 Edison-Base Fuseholders. Fuseholders of the 
5ison-base type shall be installed only where they are 
'made to accept Type S fuses by the use of adapters. 

240.53 Type S Fuses. Type S fuses shall be of the plug 
type and shall comply with 240.53(A) and (B). 

(A) Classification. Type S fuses shall be classified at not 
over 125 volts and 0 to 15 amperes, 16 to 20 amperes, and 
21 to 30 amperes. 


240.41 Arcing or Suddenly Moving Parts. Arcing or sud¬ 
denly moving parts shall comply with 240.41(A) and (B). 

(A) Location. Fuses and circuit breakers shall be located 
or shielded so that persons will not be burned or otherwise 
injured by their operation. 

(B) Suddenly Moving Parts. Handles or levers of circuit 
breakers, and similar parts that may move suddenly in such 
a way that persons in the vicinity are likely to be injured by 
being struck by them, shall be guarded or isolated. 


(B) Noninterchangeable. Type S fuses of an ampere clas¬ 
sification as specified in 240.53(A) shall not be inter¬ 
changeable with a lower ampere classification. They shall 
be designed so that they cannot be used in any fuseholder 
other than a Type S fuseholder or a fuseholder with a Type 
S adapter inserted. 

240.54 Type S Fuses, Adapters, and Fuseholders. 

(A) To Fit Edison-Base Fuseholders. Type S adapters 
shall fit Edison-base fuseholders. 


V. Plug Fuses, Fuseholders, and Adapters 
240.50 General. 

(A) Maximum Voltage. Plug fuses shall be permitted to 
be used in the following circuits: 


(B) To Fit Type S Fuses Only. Type S fuseholders and 
adapters shall be designed so that either the fuseholder it¬ 
self or the fuseholder with a Type S adapter inserted cannot 
be used for any fuse other than a Type S fuse. 
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(C) Nonremovable. Type S adapters shall be designed so 
that once inserted in a fuseholder, they cannot be removed. 

(D) Nontamperable. Type S fuses, fuseholders, and adapt¬ 
ers shall be designed so that tampering or shunting (bridg¬ 
ing) would be difficult. 

(E) Interchangeability. Dimensions of Type S fuses, fuse- 
holders, and adapters shall be standardized to permit inter¬ 
changeability regardless of the manufacturer. 

VI. Cartridge Fuses and Fuseholders 


VII. Circuit Breakers 

240.80 Method of Operation. Circuit breakers shall be 
trip free and capable of being closed and opened by manual 
operation. Their normal method of operation by other than 
manual means, such as electrical or pneumatic, shall be 
permitted if means for manual operation are also provided. 

240.81 Indicating. Circuit breakers shall clearly indicate 
whether they are in the open “off” or closed “on” position. 

Where circuit breaker handles are operated vertically 
rather than rotationally or horizontally, the “up” position of 
the handle shall be the “on” position. 


240.60 General. 

(A) Maximum Voltage — 300-Volt Type. Cartridge fuses 
and fuseholders of the 300-volt type shall be permitted to 
be used in the following circuits: 

(1) Circuits not exceeding 300 volts between conductors 

(2) Single-phase line-to-neutral circuits supplied from a 
3-phase, 4-wire, solidly grounded neutral source where 
the line-to-neutral voltage does not exceed 300 volts 

(B) Noninterchangeable — 0-6000-Ampere Caij 
Fuseholders. Fuseholders shall be designed so that 
be difficult to put a fuse of any given class into a fuseli 
that is designed for a current lower, or voltage higher, 
that of the class to which the fuse belongs. Fuseholders 
current-limiting fuses shall not perrud^Tn serti oMof 
that are not current-limiting. 



(C) Marking. Fuses shall 
printing on the fuse ha 
barrel showing the foil 

(1) Ampere rating 

(2) Voltage rating 

(3) Interrupting rating where 

(4) Current limiting where applicable 

(5) The name or trademark of the manufacturer 


either by 
d to the 


10,000 amperes 


240.82 Nontamperable. A circuit breaker shall be of such 
design that anv alteration of its trip point (calibration) or 
the time required for its operation requires dismantling of 
the device or breaking of a seal for other than intended 
adjustm^tsj 


ble and Visible. Circuit breakers shall be marked 
ampere rating in a manner that will be durable 
isible after installation. Such marking shall be permit- 
e made visible by removal of a trim or cover. 

upcation. Circuit breakers rated at 100 amperes or less 
1000 volts or less shall have the ampere rating molded, 
stamped, etched, or similarly marked into their handles or 
escutcheon areas. [ROP 10-51] 

(C) Interrupting Rating. Every circuit breaker having an 
interrupting rating other than 5000 amperes shall have its 
interrupting rating shown on the circuit breaker. The inter¬ 
rupting rating shall not be required to be marked on circuit 
breakers used for supplementary protection. 

(D) Used as Switches. Circuit breakers used as switches in 
120-volt and 277-volt fluorescent lighting circuits shall be 
listed and shall be marked SWD or HID. Circuit breakers 
used as switches in high-intensity discharge lighting cir¬ 
cuits shall be listed and shall be marked as HID. 



The interrupting rating shall not be required to be 
marked on fuses used for supplementary protection. 

(D) Renewable Fuses. Class H cartridge fuses of the re¬ 
newable type shall be permitted to be used only for replace¬ 
ment in existing installations where there is no evidence of 
overfusing or tampering. 

240.61 Classification. Cartridge fuses and fuseholders 
shall be classified according to voltage and amperage 
ranges. Fuses rated 1000 volts, nominal, or less shall be 
permitted to be used for voltages at or below their ratings. 

[ROP 10-50] 


(E) Voltage Marking. Circuit breakers shall be marked 
with a voltage rating not less than the nominal system volt¬ 
age that is indicative of their capability to interrupt fault 
currents between phases or phase to ground. 

240.85 Applications. A circuit breaker with a straight volt¬ 
age rating, such as 240V or 480V, shall be permitted to be 
applied in a circuit in which the nominal voltage between 
any two conductors does not exceed the circuit breaker’s 
voltage rating. A two-pole circuit breaker shall not be used 
for protecting a 3-phase, corner-grounded delta circuit un¬ 
less the circuit breaker is marked lcf)—3tf) to indicate such 
suitability. 
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A circuit breaker with a slash rating, such as 120/240V 
or 480Y/277V, shall be permitted to be applied in a solidly 
grounded circuit where the nominal voltage of any conduc¬ 
tor to ground does not exceed the lower of the two values 
of the circuit breaker’s voltage rating and the nominal volt¬ 
age between any two conductors does not exceed the higher 
value of the circuit breaker’s voltage rating. 

Informational Note: Proper application of molded case cir¬ 
cuit breakers on 3-phase systems, other than solidly 
grounded wye, particularly on comer grounded delta sys¬ 
tems, considers the circuit breakers’ individual pole¬ 
interrupting capability. 


(2) Does not have an instantaneous trip function engaged 
and 

(3) Does not have an instantaneous override or the instan¬ 
taneous override setting is above the arcing current 
then (A) and (B) shall apply. 

(A) Documentation. Documentation shall be available to 
those authorized to design, install, operate, or inspect the 
installation as to the location of the circuit breaker(s). 

[ROP 10-53a] 

(B) Method to Reduce Clearing Time. One of the follow¬ 
ing means shall be provided: [ROP 10-53a] 


240.86 Series Ratings. Where a circuit breaker is used on 
a circuit having an available fault current higher than the 
marked interrupting rating by being connected on the load 
side of an acceptable overcurrent protective device having a 
higher rating, the circuit breaker shall meet the require¬ 
ments specified in (A) or (B), and (C). 

(A) Selected Under Engineering Supervision in Existing 
Installations. The series rated combination devices shall be 
selected by a licensed professional engineer engaged pri¬ 
marily in the design or maintenance of electrical installa¬ 
tions. The selection shall be documented and stamped by 
the professional engineer. This documentation shall be' 
available to those authorized to design, install, inspect, 
maintain, and operate the system. This series combination 
rating, including identification of the upstream 
be field marked on the end use equipment. 

For calculated applications, the engineer 
that the downstream circuit breaker(sMhat are^ 
series combination remain passive during the ini 
period of the line side fully ratcd, Current-1imiting device. 




(B) Tested Combinations. The combination of line-side 
overcurrent device and load-side circuit breaker(s) is tested 
and marked on the end use equipment, such as switch¬ 
boards and panelboards. 

Informational Note to (A) and (B): See 110.22 for marking of 
series combination systems. 

(C) Motor Contribution. Series ratings shall not be used 
where 


(1) Zone-selective interlocking or 

(2) Differential relaying or 

(3) Energy-reducing maintenance switching with local sta¬ 
tus indicator 

(4) Energy-reducing active arc flash mitigation system 

(5) An approved equivalent means 

Infojfnational Note No. TSj An energy-reducing mainte- 
llows a worker to set a circuit breaker trip 
Intentional delay” to reduce the clearing time 
worker is working within an arc-flash boundary 
as defined in NFPA 70E-2009, Standard for Electrical 
'gfety iiiwe Workplace, and then to set the trip unit back to 
gl setting after the potentially hazardous work is 
ROP 10-53a] 

Informational Note No. 2: An energy-reducing active arc 
flash mitigation system helps in reducing arcing duration in 
>the electrical distribution system. No change in circuit 
breaker or the settings of other devices is required during 
maintenance when a worker is working within an arc-flash 
boundary as defined in NFPA 70E-2012, Standard for Elec¬ 
trical Safety in the Workplace. [ROP 10-53a] 


VIII. Supervised Industrial Installations 

240.90 General. Overcurrent protection in areas of super¬ 
vised industrial installations shall comply with all of the 
other applicable provisions of this article, except as pro¬ 
vided in Part VIII. The provisions of Part VIII shall be 
permitted only to apply to those portions of the electrical 
system in the supervised industrial installation used exclu¬ 
sively for manufacturing or process control activities. 


(1) Motors are connected on the load side of the higher¬ 
rated overcurrent device and on the line side of the 
lower-rated overcurrent device, and 

(2) The sum of the motor full-load currents exceeds 1 per¬ 
cent of the interrupting rating of the lower-rated circuit 
breaker. 

240.87 Noninstantaneous Trip. Where a circuit breaker: 
[ROP 10-53a] 

(1) Utilizes short time delay and 


240.91 Protection of Conductors. Conductors shall be 
protected in accordance with 240.91(A) or (B). 

(A) General. Conductors shall be protected in accordance 
with 240.4. 

(B) Devices Rated Over 800 Amperes. Where the over¬ 
current device is rated over 800 amperes, the ampacity of 
the conductors it protects shall be equal to or greater than 
95 percent of the rating of the overcurrent device specified 
in 240.6 in accordance with (B)(1) and (2). 
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(1) The conductors are protected within recognized time 
vs. current limits for short-circuit currents 

(2) All equipment in which the conductors terminate is 
listed and marked for the application 

240.92 Location in Circuit. An overcurrent device shall 
be connected in each ungrounded circuit conductor as re¬ 
quired in 240.92(A) through (E). 

(A) Feeder and Branch-Circuit Conductors. Feeder and 
branch-circuit conductors shall be protected at the point the 
conductors receive their supply as permitted in 240.21 or as 
otherwise permitted in 240.92(B), (C), (D), or (E). 


Table 240.92(B) Tap Conductor Short-Circuit Current 
Ratings. 


Tap conductors are considered to be protected under 
short-circuit conditions when their short-circuit temperature 
limit is not exceeded. Conductor heating under short-circuit 
conditions is determined by (1) or (2): 

(1) Short-Circuit Formula for Copper Conductors 

(. l 2 /A 2 )t = 0.0297 log 10 [(T, + 234)/(7' 1 + 234)] 

(2) Short-Circuit Formula for Aluminum Conductors 

(. l 2 /A 2 )t = 0.0125 log 10 [(T 2 + 228)/(7' 1 + 228)] 


(B) Feeder Taps. For feeder taps specified in 
240.21(B)(2), (B)(3), and (B)(4), the tap conductors shall 
be permitted to be sized in accordance with Table 
240.92(B). 

(C) Transformer Secondary Conductors of Separately 
Derived Systems. Conductors shall be permitted to be con¬ 
nected to a transformer secondary of a separately derived 
system, without overcurrent protection at the connection, 
where the conditions of 240.92(C)(1), (C)(2), and (C)(3) 
are met. 

(1) Short-Circuit and Ground-Fault Protection. The 

conductors shall be protected from short-circuit and 
ground-fault conditions by complying with, one of the fol¬ 
lowing conditions: 

(1) The length of the secondary conductors does not ex^ 


ceed 30 m (100 ft) and the transi 
current device has a rating oi^ettin] 
ceed 150 percent of the value 
multiplying the secondary conducts 
secondary-to-primary transformer 

(2) The conductors are pi 
with a trip setting equal tT 
ampacity. 


i over¬ 
does not ex- 
mined by 
ampacity by the 
ge ratio, 
ifferential relay 
an the conductor 


Informational Note: A differential relay is connected to be 
sensitive only to short-circuit or fault currents within the 
protected zone and is normally set much lower than the 
conductor ampacity. The differential relay is connected to 
trip protective devices that de-energize the protected con¬ 
ductors if a short-circuit condition occurs. 


where: 

1 = short-circuit Current in amperes 
A = conductor area in circular mils 

t =JirriS of short circuit in seconds (for times less than or equal 
10 seconds) 

conductor temperature in degrees Celsius. 

5nal conductor temperature in degrees Celsius. 

conductor with paper, rubber, varnished cloth insulation, 

Copper conductor with thermoplastic insulation, T 2 = 150 

Copper conductor with cross-linked polyethylene insulation, T 2 
= 250 

Copper conductor with ethylene propylene rubber insulation, T 2 
= 250 

Aluminum conductor with paper, rubber, varnished cloth 
insulation, T 2 = 200 

Aluminum conductor with thermoplastic insulation, T 2 = 150 
Aluminum conductor with cross-linked polyethylene insulation, 


Aluminum conductor with ethylene propylene rubber insulation, 
T 2 = 250 


(3) The conductors shall be considered to be protected if 
calculations, made under engineering supervision, de¬ 
termine that the system overcurrent devices will protect 
the conductors within recognized time vs. current limits 
for all short-circuit and ground-fault conditions. 

(2) Overload Protection. The conductors shall be pro¬ 
tected against overload conditions by complying with one 
of the following: 

(1) The conductors terminate in a single overcurrent device 
that will limit the load to the conductor ampacity. 


(2) The sum of the overcurrent devices at the conductor 
termination limits the load to the conductor ampacity. 
The overcurrent devices shall consist of not more than 
six circuit breakers or sets of fuses, mounted in a single 
enclosure, in a group of separate enclosures, or in or on 
a switchboard or switchgear. There shall be no more 
than six overcurrent devices grouped in any one loca¬ 
tion. [ROP 9-15a] 

(3) Overcurrent relaying is connected [with a current trans¬ 
formers), if needed] to sense all of the secondary con- 
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ductor current and limit the load to the conductor am¬ 
pacity by opening upstream or downstream devices. 

(4) Conductors shall be considered to be protected if cal¬ 
culations, made under engineering supervision, deter¬ 
mine that the system overcurrent devices will protect 
the conductors from overload conditions. 

(3) Physical Protection. The secondary conductors are 
protected from physical damage by being enclosed in an 
approved raceway or by other approved means. 

(D) Outside Feeder Taps. Outside conductors shall be 
permitted to be tapped to a feeder or to be connected at a 
transformer secondary, without overcurrent protection at 
the tap or connection, where all the following conditions 
are met: 

(1) The conductors are protected from physical damage in 
an approved manner. 

(2) The sum of the overcurrent devices at the conductor 
termination limits the load to the conductor ampacity. 
The overcurrent devices shall consist of not more than 
six circuit breakers or sets of fuses mounted in a single 
enclosure, in a group of separate enclosures, or in or on 
a switchboard or switchgear. There shall be no more 
than six overcurrent devices grouped in any one loca¬ 
tion. [ROP 9-15b] 

(3) The tap conductors are installed outdoors of a building 
or structure except at the point of load termination. 

(4) The overcurrent device for the conductors : 
part of a disconnecting means or shall 
mediately adjacent thereto. 

(5) The disconnecting means for the condr 
stalled at a readily accessible lcpitiont!! 
one of the following: 

a. Outside of a building of structure 

b. Inside, nearest the point of entrance of I 
tors 

c. Where installed in accordance' with 330.6, nearest 
the point of entrance of the conduMors 

(E) Protection by Primary Overcurrent Device. Con¬ 
ductors supplied by the secondary side of a transformer 
shall be permitted to be protected by overcurrent protection 
provided on the primary (supply) side of the transformer, 
provided the primary device time-current protection char¬ 
acteristic, multiplied by the maximum effective primary-to- 
secondary transformer voltage ratio, effectively protects the 
secondary conductors. 

IX. Overcurrent Protection Over 1000 Volts, Nominal 
[ROP 10-60] 

240.100 Feeders and Branch Circuits. 

(A) Location and Type of Protection. Feeder and branch- 
circuit conductors shall have overcurrent protection in each 



ungrounded conductor located at the point where the con¬ 
ductor receives its supply or at an alternative location in the 
circuit when designed under engineering supervision that 
includes but is not limited to considering the appropriate 
fault studies and time-current coordination analysis of the 
protective devices and the conductor damage curves. The 
overcurrent protection shall be permitted to be provided by 
either 240.100(A)(1) or (A)(2). 

(1) Overcurrent Relays and Current Transformers. Cir¬ 
cuit breakers used for overcurrent protection of 3-phase 
circuits shall have a minimum of three overcurrent relay 
elements operated from three current transformers. The 
separate overcurrent relay elements (or protective func¬ 
tions) shall be permitted to be part of a single electronic 
protective relay unitj 

On 3-phase, 3-wire circuits, an overcurrent relay ele¬ 
ment in the rcsiduakcircuit of the current transformers shall 
be permitted to replace one of the phase relay elements. 

An overcurrent relay element, operated from a current 
transformer that links al^fc^tses of a 3-phase, 3-wire cir- 
cui^phall be permitted to replace the residual relay element 
and one of , the phase-conductor current transformers. 
Where the neutral conductor is not regrounded on the load 
side of t^ circuit as permitted in 250.184(B), the current 
irmer shall be permitted to link all 3-phase conduc- 
;rounded circuit conductor (neutral). 

Fuses. A fuse shall be connected in series with each 
rounded conductor. 

) Protective Devices. The protective device(s) shall be 
capable of detecting and interrupting all values of current 
that can occur at their location in excess of their trip-setting 
or melting point. 

(C) Conductor Protection. The operating time of the pro¬ 
tective device, the available short-circuit current, and the 
conductor used shall be coordinated to prevent damaging or 
dangerous temperatures in conductors or conductor insula¬ 
tion under short-circuit conditions. 

240.101 Additional Requirements for Feeders. 

(A) Rating or Setting of Overcurrent Protective De¬ 
vices. The continuous ampere rating of a fuse shall not 
exceed three times the ampacity of the conductors. The 
long-time trip element setting of a breaker or the minimum 
trip setting of an electronically actuated fuse shall not ex¬ 
ceed six times the ampacity of the conductor. For fire 
pumps, conductors shall be permitted to be protected for 
overcurrent in accordance with 695.4(B)(2). 

(B) Feeder Taps. Conductors tapped to a feeder shall be 
permitted to be protected by the feeder overcurrent device 
where that overcurrent device also protects the tap conduc¬ 
tor. 
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ARTICLE 250 
Grounding and Bonding 


I. General 

250.1 Scope. This article covers general requirements for 
grounding and bonding of electrical installations, and the 
specific requirements in (1) through (6). 

(1) Systems, circuits, and equipment required, permitted, 
or not permitted to be grounded 

(2) Circuit conductor to be grounded on grounded systems 

(3) Location of grounding connections 

(4) Types and sizes of grounding and bonding conductors 
and electrodes 

(5) Methods of grounding and bonding 

(6) Conditions under which guards, isolation, or insulation 
may be substituted for grounding 

Informational Note: See Figure 250.1 for information on 
the organization of Article 250 covering grounding and 
bonding requirements. 


Part I General 


Part II System 
grounding 


Part VIII Direct-current 
systems 


Part X Grounding of 
systems and circuits of 
over 1000 volts 


Part III Grounding electrode 
system and grounding 
electrode conductor 


Part IV Enclosure, 
raceway, and service 
cable grounding 


Part VI Equipment 
grounding and equipment 
grounding conductors 


Part VII Methods of 
equipment grounding 


Part IX Instruments, 
meters, and relays 


250.2 Definitions. 

Bonding Jumper, Supply-Side. A conductor installed on 
the supply side of a service or within a service equipment 
enclosure(s), or for a separately derived system, that en¬ 
sures the required electrical conductivity between metal 
parts required to be electrically connected. 

Effective Ground-Fault Current Path. An intentionally 
constructed, low-impedance electrically conductive path 
designed and intended to carry current under ground-fault 
conditions from the point of a ground fault on a wiring 
system to the electrical supply source and that facilitates 
the operation of the overcurrent protective device or 
ground-fault detectors. [ROP 5-46] 

[ROP 5-13, RjOI’ 5-14] 

250.3 Application of Other Articles. For other articles 
applying ter particular cases of installation of conductors 
andrequipment. grounding and bonding requirements are 

itified in Table 250.3 that are in addition to, or modifi¬ 
cation sof, those of fMs article. 




Figure 250.1 Grounding and Bonding. [ROP 5-45] 


General Requirements for Grounding and Bond- 
ingMe following general requirements identify what 
rounding and bonding of electrical systems are required to 
omplish. The prescriptive methods contained in Article 
250 shall be followed to comply with the performance re¬ 
quirements of this section. 

(A) Grounded Systems. 

(1) Electrical System Grounding. Electrical systems that 
are grounded shall be connected to earth in a manner that 
will limit the voltage imposed by lightning, line surges, or 
unintentional contact with higher-voltage lines and that will 
stabilize the voltage to earth during normal operation. 

Informational Note: An important consideration for limit¬ 
ing the imposed voltage is the routing of bonding and 
grounding electrode conductors so that they are not any 
longer than necessary to complete the connection without 
disturbing the permanent parts of the installation and so 
that unnecessary bends and loops are avoided. 

(2) Grounding of Electrical Equipment. Normally non- 
current-carrying conductive materials enclosing electrical 
conductors or equipment, or forming part of such equip¬ 
ment, shall be connected to earth so as to limit the voltage 
to ground on these materials. 

(3) Bonding of Electrical Equipment. Normally non- 
current-carrying conductive materials enclosing electrical 
conductors or equipment, or forming part of such equip¬ 
ment, shall be connected together and to the electrical sup¬ 
ply source in a manner that establishes an effective ground- 
fault current path. 
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Table 250.3 Additional Grounding and Bonding Requirements 

Conductor/Equipment Article 

Section 

Agricultural buildings 


547.9 and 547.10 

Audio signal processing, amplification, and 


640.7 

reproduction equipment 



Branch circuits 


210.5, 210.6, 406.3 

Cablebus 


370.9 

Cable trays 

392 

392.60 

Capacitors 


460.10, 460.27 

Circuits and equipment operating at less than 50 

720 


volts 



Communications circuits 

800 


Community antenna television and radio distribution 


820.93, 820.100, 820.103 

systems 



Conductors for general wiring 

310 



Cranes and hoists 

Electrically driven or controlled irrigation machines 
Electric signs and outline lighting 
Electrolytic cells 

Elevators, dumbwaiters, escalators, moving walks, 
wheelchair lifts, and stairway chairlifts 
Fixed electric heating equipment for pipelines and 
vessels 

Fixed outdoor electric deicing and snow-melting 
equipment 

Flexible cords and cables 
Floating buildings 

Grounding-type receptacles, adapters, cord 
connectors, and attachment plugs 
Hazardous (classified) locations 
Health care facilities 

Induction and dielectric heating equipment 
Industrial machinery 
Information technology equipment 
Intrinsically safe systems 
Luminaires and lighting equipment 
Luminaires, lampholders, and lamps 
Marinas and boatyards 
Mobile homes and mobile home 
Motion picture and television studied 
locations 

Motors, motor circuits, and controllers 
Natural and artificially made bodies of wate! 

Outlet, device, pull, and junction boxes; conduit 
bodies; and fittings 

Over 600 volts, nominal, underground wiring 
methods 
Panelboards 
Pipe organs 

Radio and television equipment 

Receptacles and cord connectors 

Recreational vehicles and recreational vehicle parks 

Services 

Solar photovoltaic systems 

Swimming pools, fountains, and similar installations 

Switchboards and panelboards 

Switches 

Theaters, audience areas of motion picture and 
television studios, and similar locations 
Transformers and transformer vaults 
Use and identification of grounded conductors 
X-ray equipment 


610 

600 

668 

620 



, 675.12, 675.13, 675.14, 675.15 


427.29, 427.48 


426.27 

400.22, 400.23 
553.8, 553.10, 553.11 
406.9 


430 

682 


645.15 
504.50 

410.40, 410.42, 410.46, 410.155(B) 

555.15 

530.20, 530.64(B) 


682.30, 682.31, 682.32, 682.33 
314.4, 314.25 


650 

810 

551 

230 

680 


200 

660 


300.50(C) 


408.40 


406.3 


690.41, 690.42, 690.43, 690.45, 690.47 

408.3(D) 

404.12 

520.81 

450.10 

517.78 
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(4) Bonding of Electrically Conductive Materials and 
Other Equipment. Normally non-current-carrying electri¬ 
cally conductive materials that are likely to become ener¬ 
gized shall be connected together and to the electrical sup¬ 
ply source in a manner that establishes an effective ground- 
fault current path. 

(5) Effective Ground-Fault Current Path. Electrical 
equipment and wiring and other electrically conductive ma¬ 
terial likely to become energized shall be installed in a 
manner that creates a low-impedance circuit facilitating the 
operation of the overcurrent device or ground detector for 
high-impedance grounded systems. It shall be capable of 
safely carrying the maximum ground-fault current likely to 
be imposed on it from any point on the wiring system 
where a ground fault may occur to the electrical supply 
source. The earth shall not be considered as an effective 
ground-fault current path. 

(B) Ungrounded Systems. 

(1) Grounding Electrical Equipment. Non-current- 
carrying conductive materials enclosing electrical conduc¬ 
tors or equipment, or forming part of such equipment, shall 
be connected to earth in a manner that will limit the voltage 
imposed by lightning or unintentional contact with 
voltage lines and limit the voltage to ground on the; 
terials. 

(2) Bonding of Electrical Equipment. Non current 

carrying conductive materials enclosing electrical condui 
tors or equipment, or forming part o: 
be connected together and to the sup 
equipment in a manner that creates a lo#-inapcdance path 
for ground-fault current that is caffele or carrying the 
maximum fault current likely to be imposed oi 

(3) Bonding of Electrically Conductive Materials and 
Other Equipment. Electrical conductive materials that 
are likely to become energized shall be connected together 
and to the supply system grou nded cq u i pmcnt in a manner 
that creates a low-impedance path for ground-fault current 
that is capable of carrying the maximum fault current likely 
to be imposed on it. 



surge arresters, surge-protective devices, and conductive 
normally non-current-carrying metal parts of equipment 
shall be installed and arranged in a manner that will prevent 
objectionable current. 

(B) Alterations to Stop Objectionable Current. If the 

use of multiple grounding connections results in objection¬ 
able current, one or more of the following alterations shall 
be permitted to be made, provided that the requirements of 
250.4(A)(5) or (B)(4) are met: 

(1) Discontinue one or more but not all of such grounding 
connections. 

(2) Change the locations of the grounding connections. 

(3) Interrupt the continuity of the conductor or conductive 
path causing the objectionable current. 

(4) Take other suitable remedial and approved action. 

orary Currents Not Classified as Objection- 
urrents. Temporary currents resulting from abnor- 
conditions, such as ground faults, shall not be classified 
.tionable culrent for the purposes specified in 
and (B). 

(D) Limitations to Permissible Alterations. The provi¬ 
sions of this section shall not be considered as permitting 
electronic equipment from being operated on ac systems or 
branch circuits that are not connected to an equipment 
grounding conductor as required by this article. Currents 
that introduce noise or data errors in electronic equipment 
shall not be considered the objectionable currents addressed 
in this section. 

(E) Isolation of Objectionable Direct-Current Ground 
Currents. Where isolation of objectionable dc ground cur¬ 
rents from cathodic protection systems is required, a listed 
ac coupling/dc isolating device shall be permitted in the 
equipment grounding conductor path to provide an effec¬ 
tive return path for ac ground-fault current while blocking 
dc current. 

250.8 Connection of Grounding and Bonding Equip¬ 
ment. 


(4) Path for Fault Current. Electrical equipment, wiring, 
and other electrically conductive material likely to become 
energized shall be installed in a manner that creates a low- 
impedance circuit from any point on the wiring system to 
the electrical supply source to facilitate the operation of 
overcurrent devices should a second ground fault from a 
different phase occur on the wiring system. The earth shall 
not be considered as an effective fault-current path. 

250.6 Objectionable Current. 

(A) Arrangement to Prevent Objectionable Current. 

The grounding of electrical systems, circuit conductors. 


(A) Permitted Methods. Equipment grounding conduc¬ 
tors, grounding electrode conductors, and bonding jumpers 
shall be connected by one or more of the following means: 

[ROP 5-53] 

(1) Listed pressure connectors 

(2) Terminal bars 

(3) Pressure connectors listed as grounding and bonding 
equipment 

(4) Exothermic welding process 

(5) Machine screw-type fasteners that engage not less than 
two threads or are secured with a nut 
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(6) Thread-forming machine screws that engage not less 
than two threads in the enclosure 

(7) Connections that are part of a listed assembly 

(8) Other listed means 

(B) Methods Not Permitted. Connection devices or fit¬ 
tings that depend solely on solder shall not be used. 

250.10 Protection of Ground Clamps and Fittings. 

Ground clamps or other fittings exposed to physical dam¬ 
age shall be enclosed in metal, wood, or equivalent protec¬ 
tive covering. [ROP 5-55] 


(C) Alternating-Current Systems of Over 1000 Volts. 

Alternating-current systems supplying mobile or portable 
equipment shall be grounded as specified in 250.188. 
Where supplying other than mobile or portable equipment, 
such systems shall be permitted to be grounded. [ROP 
5-60] 

(D) Impedance Grounded Neutral Systems. Impedance 
grounded neutral systems shall be grounded in accordance 
with 250.36 or 250.187. 

250.21 Alternating-Current Systems of 50 Volts to 1000 
Volts Not Required to Be Grounded. [ROP 5-61] 


250.12 Clean Surfaces. Nonconductive coatings (such as 
paint, lacquer, and enamel) on equipment to be grounded 
shall be removed from threads and other contact surfaces to 
ensure good electrical continuity or be connected by means 
of fittings designed so as to make such removal unneces¬ 
sary. 

II. System Grounding 

250.20 Alternating-Current Systems to Be Grounded. 

Alternating-current systems shall be grounded as provided 
for in 250.20(A), (B), (C), or (D). Other systems shall be 
permitted to be grounded. If such systems are grounded, 
they shall comply with the applicable provisions of this 
article. 

Informational Note: An example of a system pe 
be grounded is a corner-grounded delta transformer conneq 
tion. See 250.26(4) for conductor to be groll 

(A) Alternating-Current Systems of,Lgg£ Than 50 Volts. 

Alternating-current systems of less than 50 volts shall be 
grounded under any of the folic 

(1) Where supplied by transformers^ if the transformer sup¬ 
ply system exceeds 150 volts^^tround 

(2) Where supplied by transformers, lFthe transformer sup¬ 
ply system is ungrounded 

(3) Where installed outside as overhead conductors 


(A) General. The following ac systems of 50 volts to 1000 
volts shall be permitted to be grounded but shall not be 
required to be grounded: [ROP 5-61] 


( 1 ) 


( 2 ) 


Electrical 
electric 
the lite 



s used exclusively to supply industrial 
or melting, refining, tempering, and 


Separately derived systems used exclusively for recti¬ 
fiers that supply only adjustable-speed industrial drives 
(3; Separately derived systems supplied by transformers 
that have a primary voltage rating of 1000 volts or less, 
provided that all the following conditions are met: 
pP 5-62| 

stem is used exclusively for control circuits. 

b. The conditions of maintenance and supervision en¬ 
sure that only qualified persons service the installa¬ 
tion. 

c. Continuity of control power is required. 

(4) Other systems that are not required to be grounded in 
accordance with the requirements of 250.20(B) 

(B) Ground Detectors. Ground detectors shall be installed 
in accordance with 250.21(B)(1) and (B)(2). 

(1) Ungrounded alternating current systems as permitted in 
250.21(A)(1) through (A)(4) operating at not less than 
120 volts and 1000 volts or less shall have ground 
detectors installed on the system. [ROP 5-63] 



(B) Alternating-Current Systems of 50 Volts to 1000 
Volts. Alternating-current systems of 50 volts to 1000 volts 
that supply premises wiring and premises wiring systems 
shall be grounded under any of the following conditions: 

[ROP 5-58] 

(1) Where the system can be grounded so that the maxi¬ 
mum voltage to ground on the ungrounded conductors 
does not exceed 150 volts 

(2) Where the system is 3-phase, 4-wire, wye connected in 
which the neutral conductor is used as a circuit conduc- 
tor 

(3) Where the system is 3-phase, 4-wire, delta connected in 
which the midpoint of one phase winding is used as a 
circuit conductor 


(2) The ground detection sensing equipment shall be con¬ 
nected as close as practicable to where the system re¬ 
ceives its supply. 

(C) Marking. Ungrounded systems shall be legibly 

marked “Caution Ungrounded System Operating —_ 

Volts Between Conductors” at the source or first discon¬ 
necting means of the system. The marking shall be of suf¬ 
ficient durability to withstand the environment involved. 
[ROP 5-66] 

250.22 Circuits Not to Be Grounded. The following cir¬ 
cuits shall not be grounded: 

(1) Circuits for electric cranes operating over combustible 
fibers in Class III locations, as provided in 503.155 
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(2) Circuits in health care facilities as provided in 517.61 
and 517.160 

(3) Circuits for equipment within electrolytic cell working 
zone as provided in Article 668 

(4) Secondary circuits of lighting systems as provided in 
411.5(A) 


(5) Load-Side Grounding Connections. A grounded con¬ 
ductor shall not be connected to normally non-current- 
carrying metal parts of equipment, to equipment grounding 
conductor(s), or be reconnected to ground on the load side 
of the service disconnecting means except as otherwise per¬ 
mitted in this article. 


(5) Secondary circuits of lighting systems as provided in 
680.23(A)(2). 


250.24 Grounding 
Current Systems. 


Service-Supplied Alternating- 


(A) System Grounding Connections. A premises wiring 
system supplied by a grounded ac service shall have a 
grounding electrode conductor connected to the grounded 
service conductor, at each service, in accordance with 
250.24(A)(1) through (A)(5). 

(1) General. The grounding electrode conductor connec¬ 
tion shall be made at any accessible point from the load end 
of the overhead service conductors, service drop, under¬ 
ground service conductors, or service lateral to and includ¬ 
ing the terminal or bus to which the grounded service con¬ 
ductor is connected at the service disconnecting 
[ROP 5-68] 

Informational Note: See definitions of Service Condui 
tors, Overhead, Service Conductors, Underground, Servici 
Drop, and Service Lateral in Article 100. [ROP 5-68 


(2) Outdoor Transformer. Where 
ing the service is located outside the 
additional grounding connexion shall be 


grounded service conduct^ 
at the transformer or el 



' grotThding 


de from the 
de, either 


lere outside the building. 


Exception: The additional gfmnding eleStrode conductor 
connection shall not be made On■■high-injpedance grounded 
neutral systems. The system shall tmm the requirements of 
250.36. 

(3) Dual-Fed Services. For services that are dual fed 
(double ended) in a common enclosure or grouped together 
in separate enclosures and employing a secondary tie, a 
single grounding electrode conductor connection to the tie 
point of the grounded conductor(s) from each power source 
shall be permitted. 


Informational Note: See 250.30 for separately derived sys¬ 
tems, 250.32 for connections at separate buildings or struc¬ 
tures, and 250.142 for use of the grounded circuit conduc¬ 
tor for grounding equipment. 

(B) Main Bonding Jumper. For a grounded system, an 
unspliced main bonding jumper shall be used to connect the 
equipment grounding conductor(s) and the service- 
disconnect enclosure to the grounded conductor within the 
enclosure for each service disconnect in accordance with 
250.28. 


Except 




Where more than one service disconnect¬ 
ed in an assembly listed for use as ser- 
equipment, an unspliced main bonding jumper shall 
grounded 'capductor(s) to the assembly enclosure. 

No. 2: Impedance grounded neutral systems 
be permitted to be connected as provided in 250.36 
0.187. 


Grounded Conductor Brought to Service Equip- 

Where an ac system operating at 1000 volts or less is 
grounded at any point, the grounded conductor(s) shall be 
routed with the ungrounded conductors to each service dis¬ 
connecting means and shall be connected to each discon¬ 
necting means grounded conductor)s) terminal or bus. A 
main bonding jumper shall connect the grounded conduc¬ 
tors) to each service disconnecting means enclosure. The 
grounded conductor(s) shall be installed in accordance with 
250.24(C)(1) through (C)(4). [ROP 5-73] 

Exception: Where two or more service disconnecting 
means are located in a single assembly listed for use as 
service equipment, it shall be permitted to connect the 
grounded conductor(s) to the assembly common grounded 
conductors) terminal or bus. The assembly shall include a 
main bonding jumper for connecting the grounded conduc¬ 
tors) to the assembly enclosure. 

(1) Sizing for a Single Raceway. The grounded conductor 
shall not be smaller than specified in Table 250.102(C) 

[ROP 5-42] 


(4) Main Bonding Jumper as Wire or Busbar. Where the 
main bonding jumper specified in 250.28 is a wire or bus¬ 
bar and is installed from the grounded conductor terminal 
bar or bus to the equipment grounding terminal bar or bus 
in the service equipment, the grounding electrode conduc¬ 
tor shall be permitted to be connected to the equipment 
grounding terminal, bar, or bus to which the main bonding 
jumper is connected. 


(2) Parallel Conductors in Two or More Raceways. If 

the ungrounded service-entrance conductors are installed in 
parallel in two or more raceways, the grounded conductor 
shall also be installed in parallel. The size of the grounded 
conductor in each raceway shall be based on the total cir¬ 
cular mil area of the parallel ungrounded conductors in the 
raceway, as indicated in 250.24(C)(1), but not smaller than 
1/0 AWG. 
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Informational Note: See 310.10(H) for grounded conduc¬ 
tors connected in parallel. 

(3) Delta-Connected Service. The grounded conductor of 
a 3-phase, 3-wire delta service shall have an ampacity not 
less than that of the ungrounded conductors. 

(4) High Impedance. The grounded conductor on a high- 
impedance grounded neutral system shall be grounded in 
accordance with 250.36. 

(D) Grounding Electrode Conductor. A grounding elec¬ 
trode conductor shall be used to connect the equipment 
grounding conductors, the service-equipment enclosures, 
and, where the system is grounded, the grounded service 
conductor to the grounding electrode(s) required by Part III 
of this article. This conductor shall be sized in accordance 
with 250.66. 

High-impedance grounded neutral system connections 
shall be made as covered in 250.36. 

[ROP 5-74a] 

(E) Ungrounded System Grounding Connections. A pre¬ 
mises wiring system that is supplied by an ac service that is 
ungrounded shall have, at each service, a grounding elec¬ 
trode conductor connected to the grounding electrode(s) 
required by Part III of this article. The grounding electrode 
conductor shall be connected to a metal enclosure of the 
service conductors at any accessible point from, the load 
end of the overhead service conductors, service drop; 
derground service conductors, or service lateral to thejipr- 
vice disconnecting means. [ROP 5-75] 

250.26 Conductor to Be Grot 
Current Systems. For ac prer 
conductor to be grounded shar 
lowing: 

(1) Single-phase, 2-wire — 

(2) Single-phase, 3-wire — the neutral conductor 

(3) Multiphase systems having one wire common to all 
phases — the neutral conductor [ROP 5-77] 

(4) Multiphase systems where one phase is grounded — 
one phase conductor 

(5) Multiphase systems in which one phase is used as in 
(2) — the neutral conductor 

250.28 Main Bonding Jumper and System Bonding 
Jumper. For a grounded system, main bonding jumpers 
and system bonding jumpers shall be installed as follows: 

(A) Material. Main bonding jumpers and system bonding 
jumpers shall be of copper or other corrosion-resistant ma¬ 
terial. A main bonding jumper and a system bonding 
jumper shall be a wire, bus, screw, or similar suitable con¬ 
ductor. 


(B) Construction. Where a main bonding jumper or a sys¬ 
tem bonding jumper is a screw only, the screw shall be 
identified with a green finish that shall be visible with the 
screw installed. 

(C) Attachment. Main bonding jumpers and system bond¬ 
ing jumpers shall be connected in the manner specified by 
the applicable provisions of 250.8. 

(D) Size. Main bonding jumpers and system bonding 
jumpers shall be sized in accordance with 250.28(D)(1) 
through (D)(3). 

(1) General. Main bonding jumpers and system bonding 
jumpers shall not be smaller than specified in Table 
250.102(C) . [ROP 5-42] 


(2) Main Bondii 
One Enclosuri 

single enclosure a: 
ing jumper for each 
with 2 



miper for Service with More Than 

lere a service consists of more than a 
fitted in 230.71(A), the main bond- 
iclosure shall be sized in accordance 


8(D)(1) based on the largest ungrounded service 
or serving that enclosure. 

[y Derived System with More Than One 

Where a separately derived system supplies 
jngle enclosure, the system bonding jumper 
’sure shall be sized in accordance with 
based on the largest ungrounded feeder con¬ 
serving that enclosure, or a single system bonding 
shall be installed at the source and sized in accor- 
ce with 250.28(D)(1) based on the equivalent size of the 
irgest supply conductor determined by the largest sum of 
the areas of the corresponding conductors of each set. 

250.30 Grounding Separately Derived Alternating- 
Current Systems. In addition to complying with 
250.30(A) for grounded systems, or as provided in 
250.30(B) for ungrounded systems, separately derived sys¬ 
tems shall comply with 250.20, 250.21, 250.22, or 250.26, 
as applicable. Multiple separately derived systems that are 
connected in parallel shall be installed in accordance with 
250.30. [ROP 5-80a, ROP 5-82] 

Informational Note No. 1: An alternate ac power source, 
such as an on-site generator, is not a separately derived 
system if the grounded conductor is solidly interconnected 
to a service-supplied system grounded conductor. An ex¬ 
ample of such a situation is where alternate source transfer 
equipment does not include a switching action in the 
grounded conductor and allows it to remain solidly con¬ 
nected to the service-supplied grounded conductor when 
the alternate source is operational and supplying the load 
served. 

Informational Note No. 2: See 445.13 for the minimum 
size of conductors that carry fault current. 

(A) Grounded Systems. A separately derived ac system 
that is grounded shall comply with 250.30(A)(1) through 
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250.30 


(A)(8). Except as otherwise permitted in this article, a 
grounded conductor shall not be connected to normally 
non-current-carrying metal parts of equipment, be con¬ 
nected to equipment grounding conductors, or be recon¬ 
nected to ground on the load side of the system bonding 
jumper. 

Informational Note: See 250.32 for connections at sepa¬ 
rate buildings or stmctures, and 250.142 for use of the 
grounded circuit conductor for grounding equipment. 

Exception: Impedance grounded neutral system grounding 
connections shall be made as specified in 250.36 or 
250.187, as applicable. 


tor to the supply-side bonding jumper, the disconnecting 
means enclosure, and the equipment grounding 
conductor(s). 

(2) Supply-Side Bonding Jumper. If the source of a sepa¬ 
rately derived system and the first disconnecting means are 
located in separate enclosures, a supply-side bonding 
jumper shall be installed with the circuit conductors from 
the source enclosure to the first disconnecting means. A 
supply-side bonding jumper shall not be required to be 
larger than the derived ungrounded conductors. The supply- 
side bonding jumper shall be permitted to be of nonflexible 
metal raceway type or of the wire or bus type as follows: 


(1) System Bonding Jumper. An unspliced system bond¬ 
ing jumper shall comply with 250.28(A) through (D). This 
connection shall be made at any single point on the sepa¬ 
rately derived system from the source to the first system 
disconnecting means or overcurrent device, or it shall be 
made at the source of a separately derived system that has 
no disconnecting means or overcurrent devices, in accor¬ 
dance with 250.30(A)(1)(a) or (b). The system bonding 
jumper shall remain within the enclosure where it origi¬ 
nates. If the source is located outside the building or struc¬ 
ture supplied, a system bonding jumper shall be installed at 
the grounding electrode connection in complianc' 
250.30(C). 

Exception No. 1: For systems installed in ac^rdance 
450.6, a single system bonding jumper connectionVo 
point of the grounded circuit conductors from emh pow> 
source shall be permitted. 

Exception No. 2: If a building or structure is Supplied by'a 
feeder from an outdoor tmnsformer^a system bonding 
jumper at both the source^Bathe firsrdisconnectifig means 
shall be permitted if doffig^o does not establish a parallel 
path for the grounded conductor. If a grtmnded conductor 
is used in this manner, it shall not be sjBtller than the size 
specified for the system bondin^mBper but shall not be 
required to be larger than the ungrounded conductor(s). 
For the purposes of this exception, connection through the 
earth shall not be considered as providing a parallel path, 
[ROP 5-85] 



(a) A supply-side bonding jumper of the wire type 
shall comply with 250.102(C), based on the size of the 
derived ungrounded conductors. 

(b) A supply-side bonding jumper of the bus type shall 
have a cross-sectional area not smaller than a supply-side 
bonding jumper of the wire type as determined in 

02(C). 

xceptian: A supphf^ide bonding jumper shall not be re- 
itirejjBretween enclosures for installations made in com- 
e with 250.30(A)(1) Exception No. 2. [ROP 5-88] 


minded Conductor. If a grounded conductor is in- 
d the system bonding jumper connection is not 
at the source, 250.30(A)(3)(a) through (A)(3)(d) 
apply. 

(a) Sizing for a Single Raceway. The grounded con¬ 
ductor shall not be smaller than specified in Table 
250.102(C) . [ROP 5-42] 

(b) Parallel Conductors in Two or More Raceways. If 
the ungrounded conductors are installed in parallel in two 
or more raceways, the grounded conductor shall also be 
installed in parallel. The size of the grounded conductor in 
each raceway shall be based on the total circular mil area of 
the parallel derived ungrounded conductors in the raceway 
as indicated in 250.30(A)(3)(a), but not smaller than 1/0 
AWG. 

Informational Note: See 310.10(H) for grounded conduc¬ 
tors connected in parallel. 


Exception No. 3: The size of the system bonding jumper 
for a system that supplies a Class 1, Class 2, or Class 3 
circuit, and is derived from a transformer rated not more 
than 1000 volt-amperes, shall not be smaller than the de¬ 
rived ungrounded conductors and shall not be smaller than 
14 AWG copper or 12 AWG aluminum. 

(a) Installed at the Source. The system bonding 
jumper shall connect the grounded conductor to the supply- 
side bonding jumper and the normally non-current-carrying 
metal enclosure. 

(b) Installed at the First Disconnecting Means. The 
system bonding jumper shall connect the grounded conduc¬ 


(c) Delta-Connected System. The grounded conductor 
of a 3-phase, 3-wire delta system shall have an ampacity 
not less than that of the ungrounded conductors. 

(d) Impedance Grounded System. The grounded con¬ 
ductor of an impedance grounded neutral system shall be 
installed in accordance with 250.36 or 250.187, as 
applicable. 

(4) Grounding Electrode. The grounding electrode shall 
be as near as practicable to, and preferably in the same area 
as, the grounding electrode conductor connection to the 
system. The grounding electrode shall be the nearest of one 
of the following: 
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(1) Metal water pipe grounding electrode as specified in 
250.52(A)(1) 

(2) Structural metal grounding electrode as specified in 
250.52(A)(2) 

Exception No. 1: Any of the other electrodes identified in 
250.52(A) shall be used if the electrodes specified by 
250.30(A)(4) are not available. 

Exception No. 2 to (1) and (2): If a separately derived 
system originates in listed equipment suitable for use as 
service equipment, the grounding electrode used for the 
service or feeder equipment shall be permitted as the 
grounding electrode for the separately derived system. 

Informational Note No. 1: See 250.104(D) for bonding 
requirements for interior metal water piping in the area 
served by separately derived systems. 

Informational Note No. 2: See 250.50 and 250.58 for re¬ 
quirements for bonding all electrodes together if located at 
the same building or structure. 

(5) Grounding Electrode Conductor, Single Separately 
Derived System. A grounding electrode conductor for a 
single separately derived system shall be sized in accor¬ 
dance with 250.66 for the derived ungrounded conductors. 
It shall be used to connect the grounded conductor of thi 
derived system to the grounding electrode as specified 
250.30(A)(4). This connection shall be made at the same 
point on the separately derived system where 
bonding jumper is connected. 

Exception No. 1: If the system bonding ju, 

250.30(A)(1) is a wire or busbar, it shall 
connect the grounding electrode conductor t<m$ 
ment grounding terminal, bar, or bus, provided t, 
ment grounding terminal, bar, or bus is of sufficient 
the separately derived system 

Exception No. 2: If the source nmt separately derived 
system is located within equipment listed and identified as 
suitable for use as service equipment, the grounding elec¬ 
trode conductor from the sendee or feeder equipment to the 
grounding electrode shall be permitted as the grounding 
electrode conductor for the separately derived system, pro¬ 
vided the grounding electrode conductor is of sufficient size 
for the separately derived system. If the equipment ground¬ 
ing bus internal to the equipment is not smaller than the 
required grounding electrode conductor for the separately 
derived system, the grounding electrode connection for the 
separately derived system shall be permitted to be made to 
the bus. [ROP 5-90] 

Exception No. 3: A grounding electrode conductor shall 
not be required for a system that supplies a Class 1, Class 
2, or Class 3 circuit and is derived from a transformer 
rated not more than 1000 volt-amperes, provided the 
grounded conductor is bonded to the transformer frame or 
enclosure by a jumper sized in accordance with 



250.30(A)(1), Exception No. 3, and the transformer frame 
or enclosure is grounded by one of the means specified in 
250.134. 

(6) Grounding Electrode Conductor, Multiple Sepa¬ 
rately Derived Systems. A common grounding electrode 
conductor for multiple separately derived systems shall be 
permitted. If installed, the common grounding electrode 
conductor shall be used to connect the grounded conductor 
of the separately derived systems to the grounding elec¬ 
trode as specified in 250.30(A)(4). A grounding electrode 
conductor tap shall then be installed from each separately 
derived system to the common grounding electrode con¬ 
ductor. Each tap conductor shall connect the grounded con¬ 
ductor of the separately derived system to the common 
grounding electrode^conductor. This connection shall be 
made at the samgfpoint on the separately derived system 
where the system bonding jumper is connected. 

Exception Na. fi: ifim^ystem bonding jumper specified in 
250.30(A)(1) is a wir^^^ffiusbar, it shall be permitted to 
; grounding electrode conductor tap to the 
equipment grounding terminal, bar, or bus, provided the 
vunding terminal, bar, or bus is of sufficient 
separately derived system. 

A grounding electrode conductor shall 
for a system that supplies a Class 1, Class 
3 circuit and is derived from a transformer 
ted not more than 1000 volt-amperes, provided the sys- 
grouncled conductor is bonded to the transformer 
e or enclosure by a juniper sized in accordance with 
50.30(A)(1), Exception No. 3, and the transformer frame 
or enclosure is grounded by one of the means specified in 
250.134. 

(a) Common Grounding Electrode Conductor. The 
common grounding electrode conductor shall be permitted 
to be one of the following: 

(1) A conductor of the wire type not smaller than 3/0 AWG 
copper or 250 kemil aluminum 

(2) The metal frame of the building or structure that com¬ 
plies with 250.52(A)(2) or is connected to the ground¬ 
ing electrode system by a conductor that shall not be 
smaller than 3/0 AWG copper or 250 kemil aluminum 

(b) Tap Conductor Size. Each tap conductor shall be 
sized in accordance with 250.66 based on the derived un¬ 
grounded conductors of the separately derived system it 
serves. 

Exception : If the source of a separately derived system is 
located within equipment listed and identified as suitable 
for use as service equipment, the grounding electrode con¬ 
ductor from the service or feeder equipmen t to the ground¬ 
ing electrode shall be permitted as the grounding electrode 
conductor for the separately derived system, provided the 
grounding electrode conductor is of sufficient size for the 
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separately derived system. If the equipment grounding bus 
internal to the equipment is not smaller than the required 
grounding electrode conductor for the separately derived 
system, the grounding electrode connection for the sepa¬ 
rately derived system shall be permitted to be made to the 
bus. [ROP 5-91] 

(c) Connections. All tap connections to the common 
grounding electrode conductor shall be made at an acces¬ 
sible location by one of the following methods: 

(1) A connector listed as grounding and bonding equip¬ 
ment. 

(2) Listed connections to aluminum or copper busbars not 
smaller than 6 mm x 50 mm ('A in. x 2 in.). If alumi¬ 
num busbars are used, the installation shall comply 
with 250.64(A). 

(3) The exothermic welding process. 

Tap conductors shall be connected to the common 
grounding electrode conductor in such a manner that the 
common grounding electrode conductor remains without a 
splice or joint. 

(7) Installation. The installation of all grounding electrode 
conductors shall comply with 250.64(A), (B), (C), and (E). 

(8) Bonding. Structural steel and metal piping s 
connected to the grounded conductor of a separate! 
rived system in accordance with 250.104(D). 

(B) Ungrounded Systems. The eqi 
grounded separately derived system 
bonded as specified in 250.30(B)(1) 




(1) Grounding Electrode Conductor. A grounding elec¬ 
trode conductor, sized in accordance with 250.66 for the 
largest derived ungrounded conductor (s) or set of derived 
ungrounded conductors, smll be used to connect the metal 
enclosures of the derived system to the grounding electrode 
as specified in 250.30(A)(5) or (6), as applicable. This con¬ 
nection shall be made at any point on the separately derived 
system from the source to the first system disconnecting 
means. If the source is located outside the building or struc¬ 
ture supplied, a grounding electrode connection shall be 
made in compliance with 250.30(C). 

(2) Grounding Electrode. Except as permitted by 250.34 
for portable and vehicle-mounted generators, the grounding 
electrode shall comply with 250.30(A)(4). 


the source location to one or more grounding electrodes in 
compliance with 250.50. In addition, the installation shall 
comply with 250.30(A) for grounded systems or with 
250.30(B) for ungrounded systems. 

Exception: The grounding electrode conductor connection 
for impedance grounded neutral systems shall comply with 
250.36 or 250.187, as applicable. 

250.32 Buildings or Structures Supplied by a Feeder(s) 
or Branch Circuit(s). 

(A) Grounding Electrode. Building(s) or structure(s) sup¬ 
plied by feeder(s) or branch circuit(s) shall have a ground¬ 
ing electrode or grounding electrode system installed in 
accordance with Part III of Article 250. The grounding 
electrode conductor(s) shall be connected in accordance 
with 250.32(B) or (C). Where there is no existing ground¬ 
ing electrode, the grounding electrode(s) required in 250.50 
shaUne installed. 

veption: A grounding electrode shall not be required 
'where ohly a single vranch circuit, including a multiwire 
l ancWcircuit, supplies the building or structure and the 
ranch circuit includes an equipment grounding conductor 
foi^^wunding the normally non-current-carrying metal 
'arts of equipment. 

rounded Systems. 

(1) Supplied by a Feeder or Branch Circuit. An equip¬ 
ment grounding conductor, as described in 250.118, shall 
be run with the supply conductors and be connected to the 
building or structure disconnecting means and to the 
grounding electrode(s). The equipment grounding conduc¬ 
tor shall be used for grounding or bonding of equipment, 
structures, or frames required to be grounded or bonded. 
The equipment grounding conductor shall be sized in ac¬ 
cordance with 250.122. Any installed grounded conductor 
shall not be connected to the equipment grounding conduc¬ 
tor or to the grounding electrode(s). 

Exception No. 1: For installations made in compliance 
with previous editions of this Code that permitted such con¬ 
nection, the grounded conductor run with the supply to the 
building or structure shall be permitted to serve as the 
ground-fault return path if all of the following requirements 
continue to be met: [ROP 5-244c] 


(3) Bonding Path and Conductor. A supply-side bonding 
jumper shall be installed from the source of a separately 
derived system to the first disconnecting means in compli¬ 
ance with 250.30(A)(2). 

(C) Outdoor Source. If the source of the separately de¬ 
rived system is located outside the building or structure 
supplied, a grounding electrode connection shall be made at 


(1) An equipment grounding conductor is not run with the 
supply to the building or structure. 

(2) There are no continuous metallic paths bonded to the 
grounding system in each building or structure in¬ 
volved. 

(3) Ground-fault protection of equipment has not been in¬ 
stalled on the supply side of the feeder(s). 
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If the grounded conductor is used for grounding in accor¬ 
dance with the provision of this exception, the size of the 
grounded conductor shall not be smaller than the larger of 
either of the following: 


(1) That required by 220.61 

(2) That required by 250.122 

Exception No. 2: If system bonding jumpers are installed 
in accordance with 250.30(A)(1), Exception No. 2, the 
feeder grounded circuit conductor at the building or struc¬ 
ture served shall be connected to the equipment grounding 
conductors, grounding electrode conductor and the enclo¬ 
sure for the first disconnecting means. [ROP 5-244c] 

(2) Supplied by Separately Derived System. 

(a) With Overcurrent Protection. If overcurrent protec¬ 
tion is provided where the conductors originate, the instal¬ 
lation shall comply with 250.32(B)(1). 

(b) Without Overcurrent Protection. If overcurrent 
protection is not provided where the conductors originate, 
the installation shall comply with 250.30(A). If installed, 
the supply-side bonding jumper shall be connected to the 
building or structure disconnecting means and to the 
grounding electrode(s). 

(C) Ungrounded Systems. 

(1) Supplied by a Feeder or Branch Circi 

ment grounding conductor, as described i: 
be installed with the supply conductors and hi? 
the building or structure disconnecting means 
grounding electrode(s). The grounding e 
also be connected to the building Or structure 
means. 

(2) Supplied by a Separately Deri 

(a) With Overcurrent Protection. If oWrcurrent protec¬ 
tion is provided where the conductors originate, the instal¬ 
lation shall comply with (C)(1). 

(b) Without Overcurrent Protection. If overcurrent 
protection is not provided where the conductors originate, 
the installation shall comply with 250.30(B). If installed, 
the supply-side bonding jumper shall be connected to the 
building or structure disconnecting means and to the 
grounding electrode(s). 



701.12(B)(5), or 702.12, all of the following conditions 
shall be met: 

(1) The connection of the grounded conductor to the 
grounding electrode, to normally non-current-carrying 
metal parts of equipment, or to the equipment ground¬ 
ing conductor at a separate building or structure shall 
not be made. 

(2) An equipment grounding conductor for grounding and 
bonding any normally non-current-carrying metal parts 
of equipment, interior metal piping systems, and build¬ 
ing or structural metal frames is run with the circuit 
conductors to a separate building or structure and con¬ 
nected to existing grounding electrode(s) required in 
Part III of this article, or, where there are no existing 
electrodes, the grounding electrode(s) required in Part 
III of this articleshall be installed where a separate 
building or structure is supplied by more than one 
branch circuit. 

(3) The connection between the equipment grounding con¬ 
ductor and the grounding electrode at a separate build- 

or structure shall bemiade in a junction box, panel- 
rd, or similar enclosure located immediately inside 
or outside the separate building or structure. 

(Grounding Electrode Conductor. The size of the 
ing. electrode conductor to the grounding elec- 
(s) strall not be smaller than given in 250.66, based on 
e largest ungrounded supply conductor. The installation 
11 comply with Part III of this article. 

50.34 Portable and Vehicle-Mounted Generators. 


(A) Grounded Conductor Bonding.. A system conductor 
that is required to be grounded by 250.20 and 250.26 shall 
be connected to the generator frame if used as a portable 
generator as provided in (B) or a vehicle-mounted genera¬ 
tor as provided in (C) or if the generator is a connected as 
a separately derived system as provided in 250.30. [ROP 
5-95] 

(B) Portable Generators. The frame of a portable genera¬ 
tor shall not be required to be connected to a grounding 
electrode as defined in 250.52 for a system supplied by the 
generator under the following conditions: [ROP 5-95] 

(1) The generator supplies only equipment mounted on the 
generator, cord-and-plug-connected equipment through 
receptacles mounted on the generator, or both, and 


(D) Disconnecting Means Located in Separate Building 
or Structure on the Same Premises. Where one or more 
disconnecting means supply one or more additional build¬ 
ings or structures under single management, and where 
these disconnecting means are located remote from those 
buildings or structures in accordance with the provisions of 
225.32, Exception No. 1 and No. 2, 700.12(B)(6), 


(2) The normally non-current-carrying metal parts of 
equipment and the equipment grounding conductor ter¬ 
minals of the receptacles are connected to the generator 
frame. 

(C) Vehicle-Mounted Generators. The frame of a vehicle 
shall not be required to be connected to a grounding elec¬ 
trode as defined in 250.52 for a system supplied by a gen- 
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erator located on this vehicle under the following condi¬ 
tions: [ROP 5-95] 

(1) The frame of the generator is bonded to the vehicle 
frame, and 

(2) The generator supplies only equipment located on the 
vehicle or cord-and-plug-connected equipment through 
receptacles mounted on the vehicle, or both equipment 
located on the vehicle and cord-and-plug-connected 
equipment through receptacles mounted on the vehicle 
or on the generator, and 

(3) The normally non-current-carrying metal parts of 
equipment and the equipment grounding conductor ter¬ 
minals of the receptacles are connected to the generator 
frame. [ROP 5-95] 

Informational Note: See 250.30 for grounding and bond¬ 
ing connections if portable or vehicle-mounted generators 
supply fixed wiring systems. [ROP 5-95] 

250.35 Permanently Installed Generators. A conductor 
that provides an effective ground-fault current path shall be 
installed with the supply conductors from a permanently 
installed generator(s) to the first disconnecting mean(s) in 
accordance with (A) or (B). 

(A) Separately Derived System. If the generator 
stalled as a separately derived system, the requireme 
250.30 shall apply. 

(B) Nonseparately Derived System. 

installed as a nonseparately derive' 
rent protection is not integral with the 
supply-side bonding jumper shalLhe ins 
generator equipment groum 
grounding terminal, b; 
mean(s). It shall be sized in accordanci 
based on the size of the 
tor. 





between the 
equipment 
nnecting 
ith 250.102(C) 
by the genera- 


250.36 High-Impedance Grounded Neutral Systems. 

High-impedance grounded neutral systems in which a 
grounding impedance, usually a resistor, limits the ground- 
fault current to a low value shall be permitted for 3-phase 
ac systems of 480 volts to 1000 volts if all the following 
conditions are met: 

(1) The conditions of maintenance and supervision ensure 
that only qualified persons service the installation. 

(2) Ground detectors are installed on the system. 


not available, the grounding impedance shall be installed 
between the grounding electrode conductor and the neutral 
point derived from a grounding transformer. 

(B) Grounded System Conductor. The grounded system 
conductor from the neutral point of the transformer or gen¬ 
erator to its connection point to the grounding impedance 
shall be fully insulated. 

The grounded system conductor shall have an ampacity 
of not less than the maximum current rating of the ground¬ 
ing impedance but in no case shall the grounded system 
conductor be smaller than 8 AWG copper or 6 AWG alu¬ 
minum or copper-clad aluminum. 

(C) System Grounding Connection. The system shall not 
be connectedLto. ground except through the grounding im¬ 
pedance. 

tional Note: The impedance is normally selected 
it the ground-fault current to a value slightly greater 
tin or equal to®e capacitive charging current of the sys¬ 
tem. This value of impedance will also limit transient ov¬ 
ervoltages to safe vmues. For guidance, refer to criteria for 
lijniting transient overvoltages in ANSI/IEEE 142-2007, 
commended Practice for Grounding of Industrial and 
mercial Power Systems. [ROP 5-98a] 


ral Point to Grounding Impedance Conductor 

g. The conductor connecting the neutral point of the 
transformer or generator to the grounding impedance shall 
be permitted to be installed in a separate raceway from the 
ungrounded conductors. It shall not be required to run this 
conductor with the phase conductors to the first system 
disconnecting means or overcurrent device. 

(E) Equipment Bonding Jumper. The equipment bond¬ 
ing jumper (the connection between the equipment ground¬ 
ing conductors and the grounding impedance) shall be an 
unspliced conductor run from the first system disconnecting 
means or overcurrent device to the grounded side of the 
grounding impedance. 

(F) Grounding Electrode Conductor Connection Loca¬ 
tion. For services or separately derived systems, the 
grounding electrode conductor shall be connected at any 
point from the grounded side of the grounding impedance 
to the equipment grounding connection at the service 
equipment or the first system disconnecting means of a 
separately derived system. [ROP 5-99] 


(3) Line-to-neutral loads are not served. 

High-impedance grounded neutral systems shall com¬ 
ply with the provisions of 250.36(A) through (G). 

(A) Grounding Impedance Location. The grounding im¬ 
pedance shall be installed between the grounding electrode 
conductor and the system neutral point. If a neutral point is 


(G) Equipment Bonding Jumper Size. The equipment 
bonding jumper shall be sized in accordance with (1) or (2) 
as follows: 

(1) If the grounding electrode conductor connection is 
made at the grounding impedance, the equipment bond¬ 
ing jumper shall be sized in accordance with 250.66, 
based on the size of the service entrance conductors for 
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a service or the derived phase conductors for a sepa¬ 
rately derived system. 

(2) If the grounding electrode conductor is connected at the 
first system disconnecting means or overcurrent device, 
the equipment bonding jumper shall be sized the same 
as the neutral conductor in 250.36(B). 


not less than 13 mm (V 2 in.) in diameter, installed in 
one continuous 6.0 m (20 ft) length, or if in multiple 
pieces connected together by the usual steel tie wires, 
exothermic welding, welding, or other effective means 
to create a 6.0 m (20 ft) or greater length; or 
(2) Bare copper conductor not smaller than 4 AWG 


III. Grounding Electrode System and Grounding 
Electrode Conductor 

250.50 Grounding Electrode System. All grounding elec¬ 
trodes as described in 250.52(A)(1) through (A)(7) that are 
present at each building or structure served shall be bonded 
together to form the grounding electrode system. Where 
none of these grounding electrodes exist, one or more of 
the grounding electrodes specified in 250.52(A)(4) through 
(A)(8) shall be installed and used. 

Exception: Concrete-encased electrodes of existing build¬ 
ings or structures shall not be required to be part of the 
grounding electrode system where the steel reinforcing bars 
or rods are not accessible for use without disturbing the 
concrete. 

250.52 Grounding Electrodes. 

(A) Electrodes Permitted for Grounding. 


(1) Metal Underground Water Pipe. A 

ground water pipe in direct contact with the 
(10 ft) or more (including any metal well c ( 
the pipe) and electrically continuous (or mi 
continuous by bonding around insulatinjHointS or dat¬ 
ing pipe) to the points of connection of th^Meundii lec 
trode conductor and the bonding conductor(s) ordur ^s), 
if installed. 

(2) Metal Frame of the Building or Structure. The metal 
frame of the building or structure that is connected to the 
earth by one or more of the following mShods: 


Metallic components shall be encased by at least 
50 mm (2 in.) of concrete and shall be located horizontally 
within that portion of a concrete foundation or footing that 
is in direct contact with the earth or wi thin vertical foun¬ 
dations or structural components or members that are in 
direct contact with the earth. If multiple concrete-encased 
electrodes are present at a building or structure, it shall be 
permissible to bond only one into the grounding electrode 
system. [ROP 5-107 


Informational, 
por barrier 
from thi 
with the :arth. 




Concrete installed with insulation, va- 
similar items separating the concrete 
nsidered to be in “direct contact” 


(4) Ground Ring. A ground ring encircling the building or 
structure, humect contact with the earth, consisting of at 
least 6.0 m (20 ft) of bare copper conductor not smaller 
than 2. 

nd' Pipe Electrodes. Rod and pipe electrodes 
snail nor-«e' less than 2.44 m (8 ft) in length and shall 
>nsist of the following materials. 

(a) Grounding electrodes of pipe or conduit shall not 
smaller than metric designator 21 (trade size 3 /i) and, 

where of steel, shall have the outer surface galvanized or 
otherwise metal-coated for corrosion protection. 

(b) Rod-type grounding electrodes of stainless steel 
and copper or zinc coated steel shall be at least 15.87 mm 
( 5 /8 in.) in diameter, unless listed. 

(6) Other Listed Electrodes. Other listed grounding elec¬ 
trodes shall be permitted. 


(1) At least one structural metal member that is in direct 
contact with the earth for 3.0 m (10 ft) or more, with or 
without concrete encasement. 

(2) Hold-down bolts securing the structural steel column 
that are connected to a concrete-encased electrode that 
complies with 250.52(A)(3) and is located in the sup¬ 
port footing or foundation. The hold-down bolts shall 
be connected to the concrete-encased electrode by 
welding, exothermic welding, the usual steel tie wires, 
or other approved means. 

(3) Concrete-Encased Electrode. A concrete-encased 
electrode shall consist of at least 6.0 m (20 ft) of either (1) 
or (2): 

(1) One or more bare or zinc galvanized or other electri¬ 
cally conductive coated steel reinforcing bars or rods of 


(7) Plate Electrodes. Each plate electrode shall expose not 
less than 0.186 m 2 (2 ft 2 ) of surface to exterior soil. Elec¬ 
trodes of bare or conductively coated iron or steel plates 
shall be at least 6.4 mm (Vi in.) in thickness. Solid, un¬ 
coated electrodes of nonferrous metal shall be at least 
1.5 mm (0.06 in.) in thickness. 

(8) Other Local Metal Underground Systems or Struc¬ 
tures. Other local metal underground systems or structures 
such as piping systems, underground tanks, and under¬ 
ground metal well casings that are not bonded to a metal 
water pipe. 

(B) Not Permitted for Use as Grounding Electrodes. 

The following systems and materials shall not be used as 
grounding electrodes: 
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(1) Metal underground gas piping systems 

(2) Aluminum 

Informational Note: See 250.104(B) for bonding require¬ 
ments of gas piping. 

250.53 Grounding Electrode System Installation. [ROP 
5-llla] 

(A) Rod, Pipe, and Plate Electrodes. Rod, pipe, and plate 
electrodes shall meet the requirements of 250.53(A)(1) 
through (A)(3). 

(1) Below Permanent Moisture Level. If practicable, rod, 
pipe, and plate electrodes shall be embedded below perma¬ 
nent moisture level. Rod, pipe, and plate electrodes shall be 
free from nonconductive coatings such as paint or enamel. 

(2) Supplemental Electrode Required. A single rod, pipe, 
or plate electrode shall be supplemented by an additional 
electrode of a type specified in 250.52(A)(2) through 
(A)(8). The supplemental electrode shall be permitted to be 
bonded to one of the following: 

(1) Rod, pipe, or plate electrode 

(2) Grounding electrode conductor 

(3) Grounded service-entrance conductor 

(4) Nonflexible grounded service raceway 

(5) Any grounded service enclosure 


Exception: If a single rod, pipe, or pWne groujMtng e/ec™ 
trode has a resistance to earth of 25 ohms or less, 
supplemental electrode shall not be required. 


(3) Supplemental Electn 

electrodes are installed, 
section, they shall not be 

Informational Note: The paralte 
increased by spacing them twice 
rod. 




rod. pipe, or plate 
irements of this 
ft) apart. 

lency of rods is 
frgth of the longest 


(B) Electrode Spacing. Where more than one of the elec¬ 
trodes of the type specified in 250.52(A)(5) or (A)(7) are 
used, each electrode of one grounding system (including 
that used for strike termination devices) shall not be less 
than 1.83 m (6 ft) from any other electrode of another 
grounding system. Two or more grounding electrodes that 
are bonded together shall be considered a single grounding 
electrode system. 

(C) Bonding Jumper. The bonding jumper(s) used to con¬ 
nect the grounding electrodes together to form the ground¬ 
ing electrode system shall be installed in accordance with 
250.64(A), (B), and (E), shall be sized in accordance with 
250.66, and shall be connected in the manner specified in 
250.70. 


(D) Metal Underground Water Pipe. If used as a ground¬ 
ing electrode, metal underground water pipe shall meet the 
requirements of 250.53(D)(1) and (D)(2). 

(1) Continuity. Continuity of the grounding path or the 
bonding connection to interior piping shall not rely on wa¬ 
ter meters or filtering devices and similar equipment. 

(2) Supplemental Electrode Required. A metal under¬ 
ground water pipe shall be supplemented by an additional 
electrode of a type specified in 250.52(A)(2) through 
(A)(8). If the supplemental electrode is of the rod, pipe, or 
plate type, it shall comply with 250.53(A). The supplemen¬ 
tal electrode shall be bonded to one of the following: 

(1) Grounding electrode conductor 

(2) GroundecLgervice-entrance conductor 

(3) Nonflexible grounded service raceway 

(4) Any grounded service enclosure 

(5) ^A^i-ovided by 250.32(B) 

Wception: The smQfalemental electrode shall be permitted 
fto be bonded to thxrinterior metal water piping at any 
Spnveiment point as specified in 250.68(C)(1), Exception. 

(E) Supplemental Electrode Bonding Connection Size. 

Where the supplemental electrode is a rod, pipe, or plate 
electrode, that portion of the bonding jumper that is the sole 
connection to the supplemental grounding electrode shall 
not be required to be larger than 6 AWG copper wire or 4 
AWG aluminum wire. 


(F) Ground Ring. The ground ring shall be buried at a 
depth below the earth’s surface of not less than 750 mm 
(30 in.). 

(G) Rod and Pipe Electrodes. The electrode shall be in¬ 
stalled such that at least 2.44 m (8 ft) of length is in contact 
with the soil. It shall be driven to a depth of not less than 
2.44 m (8 ft) except that, where rock bottom is encoun¬ 
tered, the electrode shall be driven at an oblique angle not 
to exceed 45 degrees from the vertical or, where rock bot¬ 
tom is encountered at an angle up to 45 degrees, the elec¬ 
trode shall be permitted to be buried in a trench that is at 
least 750 mm (30 in.) deep. The upper end of the electrode 
shall be flush with or below ground level unless the above¬ 
ground end and the grounding electrode conductor attach¬ 
ment are protected against physical damage as specified in 
250.10. 

(H) Plate Electrode. Plate electrodes shall be installed not 
less than 750 mm (30 in.) below the surface of the earth. 

250.54 Auxiliary Grounding Electrodes. One or more 
grounding electrodes shall be permitted to be connected to 
the equipment grounding conductors specified in 250.118 
and shall not be required to comply with the electrode 
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bonding requirements of 250.50 or 250.53(C) or the resis¬ 
tance requirements of 250.53(A)(2) Exception, but the 
earth shall not be used as an effective ground-fault current 
path as specified in 250.4(A)(5) and 250.4(B)(4). 

250.58 Common Grounding Electrode. Where an ac sys¬ 
tem is connected to a grounding electrode in or at a build¬ 
ing or structure, the same electrode shall be used to ground 
conductor enclosures and equipment in or on that building 
or structure. Where separate services, feeders, or branch 
circuits supply a building and are required to be connected 
to a grounding electrode(s), the same grounding elec¬ 
trode^) shall be used. 

Two or more grounding electrodes that are bonded to¬ 
gether shall be considered as a single grounding electrode 
system in this sense. 

250.60 Use of Strike Termination Devices. Conductors 
and driven pipes, rods, or plate electrodes used for ground¬ 
ing strike termination devices shall not be used in lieu of 
the grounding electrodes required by 250.50 for grounding 
wiring systems and equipment. This provision shall not 
prohibit the required bonding together of grounding elec¬ 
trodes of different systems. 

Informational Note No. 1: See 250.106 for spacing from 
strike termination devices. See 800.100(D), 810.21(J), and 
820.100(D) for bonding of electrodes. 

Informational Note No. 2: Bonding together ,,e 
rate grounding electrodes will limit potential^differeni 
between them and between their associated wiring syste: 


250.62 Grounding Electrode Com 

grounding electrode conductor shall be 
num, or copper-clad aluminum. The material 
be resistant to any corrosive condition existing 
lation or shall be protected against corrosion, 
tor shall be solid or stranded, insulated, covj 



ected shall 
it the instal- 
conduc- 
or bare. 


250.64 Grounding Electrode Conductor Installation. 

Grounding electrode conductors at the service, at each 
building or structure where supplied by a feeder(s) or 
branch circuit(s), or at a separately derived system shall be 
installed as specified in 250.64(A) through (F). 

(A) Aluminum or Copper-Clad Aluminum Conductors. 

Bare aluminum or copper-clad aluminum grounding elec¬ 
trode conductors shall not be used where in direct contact 
with masonry or the earth or where subject to corrosive 
conditions. Where used outside, aluminum or copper-clad 
aluminum grounding electrode conductors shall not be ter¬ 
minated within 450 mm (18 in.) of the earth. 

(B) Securing and Protection Against Physical Damage. 

Where exposed, a grounding electrode conductor or its en¬ 
closure shall be securely fastened to the surface on which it 


is carried. Grounding electrode conductors shall be permit¬ 
ted to be installed on or through framing members. A 4 
AWG or larger copper or aluminum grounding electrode 
conductor shall be protected if exposed to physical damage. 
A 6 AWG grounding electrode conductor that is free from 
exposure to physical damage shall be permitted to be run 
along the surface of the building construction without metal 
covering or protection if it is securely fastened to the con¬ 
struction; otherwise, it shall be protected in rigid metal 
conduit RMC, intermediate metal conduit (IMC), rigid 
polyvinyl chloride conduit (PVC), reinforced thermosetting 
resin conduit (RTRC), electrical metallic tubing EMT, or 
cable armor. Grounding electrode conductors smaller than 6 
AWG shall be protected in (RMC), IMC, PVC , RTRC, 
(EMT), or cable armor. 

(C) Continuous. Except as provided in 250.30(A)(5) and 
(A)(6), 250.^)(B)(1), and 250.68(C), grounding electrode 
conductorfe^hall r^kuistallcd in one continuous length 
without a splice or joint. If necessary, splices or connec¬ 
tions shall be made as penfijtted in (1) through (4): 

of the wire-type grounding electrode conduc- 
e permitted only by irreversible compression- 
nectors listed as grounding and bonding equip- 
by the exothermic welding process. 

busbars shall be permitted to be connected 
to form a grounding electrode conductor. 

Q) Bolted, riveted, or welded connections of structural 
metal frames of buildings or structures. 

Threaded, welded, brazed, soldered or bolted-flange 
connections of metal water piping. 

(D) Service with Multiple Disconnecting Means Enclo¬ 
sures. If a service consists of more than a single enclosure 
as permitted in 230.71(A), grounding electrode connections 
shall be made in accordance with 250.64(D)(1), (D)(2), or 
(D)(3). 

(1) Common Grounding Electrode Conductor and 
Taps. A common grounding electrode conductor and 
grounding electrode conductor taps shall be installed. The 
common grounding electrode conductor shall be sized in 
accordance with 250.66, based on the sum of the circular 
mil area of the largest ungrounded service-entrance conduc¬ 
tors). If the service-entrance conductors connect directly to 
overhead service conductors, service drop, underground 
service conductors, or service lateral, the common ground¬ 
ing electrode conductor shall be sized in accordance with 
Table 250.66, Note 1. [ROP 5-121] 

A grounding electrode conductor tap shall extend to the 
inside of each service disconnecting means enclosure. The 
grounding electrode conductor taps shall be sized in accor¬ 
dance with 250.66 for the largest service-entrance conduc¬ 
tor serving the individual enclosure. The tap conductors 


70-120 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 250 — GROUNDING AND BONDING 


250.66 


shall be connected to the common grounding electrode con¬ 
ductor by one of the following methods in such a manner 
that the common grounding electrode conductor remains 
without a splice or joint: 

(1) Exothermic welding. 

(2) Connectors listed as grounding and bonding equip¬ 
ment. 


or larger than, the enclosed grounding electrode conductor. 

[ROP 5-124] 

(4) Wiring Methods. If a raceway is used as protection for 
a grounding electrode conductor, the installation shall com¬ 
ply with the requirements of the appropriate raceway ar¬ 
ticle. [ROP 5-124] 


(3) Connections to an aluminum or copper busbar not less 
than 6 mm thick x 50 mm wide (Vi in. x 2 in.) and of 
sufficient length to accommodate the number of termi¬ 
nations necessary for the installation. The busbar shall 
be securely fastened and shall be installed in an acces¬ 
sible location. Connections shall be made by a listed 
connector or by the exothermic welding process. If alu¬ 
minum busbars are used, the installation shall comply 
with 250.64(A). [ROP 5-120] 

(2) Individual Grounding Electrode Conductors. A 

grounding electrode conductor shall be connected between 
the grounded conductor in each service equipment discon¬ 
necting means enclosure and the grounding electrode sys¬ 
tem. Each grounding electrode conductor shall be sized in 
accordance with 250.66 based on the service-entrance con¬ 
ductors) supplying the individual service discom 
means. 

(3) Common Location. A grounding electrode cond 
shall be connected to the grounded service conductor(s) in 
a wireway or other accessible enclosure on the supply si 
of the service disconnecting means^ Hie connect ion si 
be made with exothermic welding or a connector listed as 
grounding and bonding equipment. The grounding elec¬ 
trode conductor shall be sized in accordance with 250.66 
based on the service-entrance conductor(s) at the common 
location where the connection is made. 


nding Electrode 



(E) Raceways and Enclosuri 
Conductors. [ROP 5-124] 



(1) General. Ferrous metal raceways and enclosures for 
grounding electrode conductors shall be electrically con¬ 
tinuous from the point of attachment to cabinets or equip¬ 
ment to the grounding electrode and shall be securely fas¬ 
tened to the ground clamp or fitting. Ferrous metal 
raceways and enclosures shall be bonded at each end of the 
raceway or enclosure to the grounding electrode or ground¬ 
ing electrode conductor. Nonferrous metal raceways and 
enclosures shall not be required to be electrically continu¬ 
ous. [ROP 5-124] 

(2) Methods. Bonding shall be in compliance with 
250.92(B) ensured by one of the methods in 250.92(B)(2) 
through (B)(4). [ROP 5-124] 

(3) Size. The bonding jumper for a grounding electrode 
conductor raceway or cable armor shall be the same size as, 


(F) Installation to Electrode(s). Grounding electrode con¬ 
ductors) and bonding jumpers interconnecting grounding 
electrodes shall be installed in accordance with (1), (2), or 

(3). The grounding electrode conductor shall be sized for 
the largest grounding electrode conductor required among 
all the electrodes connected to it. 

(1) The grounding electrode conductor shall be permitted 
to be run to, any convenient grounding electrode avail¬ 
able iruthe grounding electrode system where the other 
electrode(s), if any, is connected by bonding jumpers 
that are installed in accordance with 250.53(C). 

rounding electrode conductor(s) shall be permitted to 
be run to one <S('g®pre grounding electrode(s) individu- 

nding jumper(s) from grounding electrode(s) shall 
permitted to be connected to an aluminum or copper 
ar not less than 6 mm x 50 mm (Vi in. x 2 in.). The 
r shall be securely fastened and shall be installed 
an accessible location. Connections shall be made by 
a listed connector or by the exothermic welding pro¬ 
cess. The grounding electrode conductor shall be per¬ 
mitted to be run to the busbar. Where aluminum bus¬ 
bars are used, the installation shall comply with 
250.64(A). 

250.66 Size of Alternating-Current Grounding Elec¬ 
trode Conductor. The size of the grounding electrode con¬ 
ductor at the service, at each building or structure where 
supplied by a feeder(s) or branch circuit(s), or at a sepa¬ 
rately derived system of a grounded or ungrounded ac sys¬ 
tem shall not be less than given in Table 250.66, except as 
permitted in 250.66(A) through (C). 

[ROP 5-128a] 

(A) Connections to Rod, Pipe, or Plate Eleetrode(s). 

Where the grounding electrode conductor is connected to a 
single, or multiple rod, pipe, or plate electrode(s) or any 
combination thereof as permitted in 250.52(5) or (A)(7), 
that portion of the conductor that is the sole connection to 
the grounding electrode(s) shall not be required to be larger 
than 6 AWG copper wire or 4 AWG aluminum wire. [ROP 
5-131] 

(B) Connections to Concrete-Encased Electrodes. 

Where the grounding electrode conductor is connected to a 
single or multiple concrete-encased electrode(s) as permit¬ 
ted in 250.52(A)(3), that portion of the conductor that is the 
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Table 250.66 Grounding Electrode Conductor for 
Alternating-Current Systems 


Size of Largest Ungrounded 
Service-Entrance 
Conductor or Equivalent 
Area for Parallel 
Conductors® (AWG/kcmil) 

Size of Grounding Electrode 
Conductor (AWG/kcmil) 

Copper 

Aluminum or 
Copper-Clad 
Aluminum 

Copper 

Aluminum or 
Copper-Clad 
Aluminum 13 

2 or smaller 

1/0 or smaller 

8 

6 

1 or 1/0 

2/0 or 3/0 

6 

4 

2/0 or 3/0 

4/0 or 250 

4 

2 

Over 3/0 
through 

350 

Over 250 
through 500 

2 

1/0 

Over 350 
through 

600 

Over 500 
through 900 

1/0 

3/0 

Over 600 
through 

1100 

Over 900 
through 1750 

2/0 

4/0 

Over 1100 

Over 1750 

3/0 

250 


Notes: 

1. If multiple sets of service-entrance conductors connect'"directlji 
service drop, set of overhead service conductors, set of under] 
service conductors, or service lateral, the equivalent size of tl 
service-entrance conductor shall be determined by the largesfsum of 
the areas of the corresponding conductors^Jljeacfil^t. [ROP 5-128] 


2. Where there are no service-entrai 
electrode conductor size shall be dei 
the largest service-entrance condui? 
served. 

“This table also applies to the derived ctJ 
rived ac systems. 
b See installation restrictions in 250.64(A). 



branch circuit(s), or at a separately derived system and as¬ 
sociated bonding jumper(s) shall be made as specified 
250.68(A) through (C). 

(A) Accessibility. All mechanical elements used to termi¬ 
nate a grounding electrode conductor or bonding jumper to 
a grounding electrode shall be accessible. 

Exception No. 1: An encased or buried connection to a 
concrete-encased, driven, or buried grounding electrode 
shall not be required to be accessible. 

Exception No. 2: Exothermic or irreversible compression 
connections used at terminations, together with the me¬ 
chanical means used to attach such terminations to fire¬ 
proofed structural metal whether or not the mechanical 
means is reversible, stall not be required to be accessible. 

(B) Effective Grounding Path. The connection of a 
grounding electrode conductor or bonding jumper to a 
groundinjrefe:trode%h|ll be made in a manner that will 
ensure an effective grounding path. Where necessary to en- 
sureAhe grounding path fola metal piping system used as a 
grounding electrode, bonding shall be provided around in¬ 
sulated joints and around any equipment likely to be dis¬ 
connected for repairs or replacement. Bonding jumpers 

be of sufficient length to permit removal of such 
le retaining the integrity of the grounding 



mg 
lent siie of 
oad to be 

arately de- 


sole connection to the grounding electrode(s) shall not be 
required to be larger than 4 AWG copper wire. [ROP 

5-135] 

(C) Connections to Ground Rings. Where the grounding 
electrode conductor is connected to a ground ring as per¬ 
mitted in 250.52(A)(4), that portion of the conductor that is 
the sole connection to the grounding electrode shall not be 
required to be larger than the conductor used for the ground 
ring. 

250.68 Grounding Electrode Conductor and Bonding 
Jumper Connection to Grounding Electrodes. The con¬ 
nection of a grounding electrode conductor at the service, at 
each building or structure where supplied by a feeder(s) or 


Grounding Electrode Connections. Grounding elec- 
:le conductors and bonding jumpers shall be permitted to 
be connected at the following locations and used to extend 
the connection to an electrode(s): [ROP 5-138] 

(1) Interior metal water piping located not more than 1.52 
m (5 ft) from the point of entrance to the building shall 
be permitted to be used as a conductor to interconnect 
electrodes that are part of the grounding electrode sys¬ 
tem. 

Exception: In industrial, commercial, and institutional 
buildings or structures, if conditions of maintenance and 
supervision ensure that only qualified persons service the 
installation, interior metal water piping located more than 
1.52 m (5 ft) from the point of entrance to the building shall 
be permitted as a bonding conductor to interconnect elec¬ 
trodes that are part of the grounding electrode system, or as 
a grounding electrode conductor, if the entire length, other 
than short sections passing perpendicularly through walls, 
floors, or ceilings, of the interior metal water pipe that is 
being used for the conductor is exposed. 

(2) The structural frame of a building that is directly con¬ 
nected to a grounding electrode as specified in 
250.52(A)(2) or 250.68(C)(2)(a), (b), or (c) shall be 
permitted as a bonding conductor to interconnect elec¬ 
trodes that are part of the grounding electrode system, 
or as a grounding electrode conductor. 
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a. By connecting the structural metal frame to the re¬ 
inforcing bars of a concrete-encased electrode, as 
provided in 250.52(A)(3), or ground ring as pro¬ 
vided in 250.52(A)(4) 

b. By bonding the structural metal frame to one or 
more of the grounding electrodes, as specified in 
250.52(A)(5) or (A)(7), that comply with 
250.53(A)(2) 

c. By other approved means of establishing a connec¬ 
tion to earth 

(3) A concrete encased electrode of either the conductor 
type, reinforcing rod or bar installed in accordance with 
250.52(A)(3) extended from its location within the con¬ 
crete to an accessible location above the concrete shall 
be permitted. [ROP 5-138] 

250.70 Methods of Grounding and Bonding Conductor 
Connection to Electrodes. The grounding or bonding con¬ 
ductor shall be connected to the grounding electrode by 
exothermic welding, listed lugs, listed pressure connectors, 
listed clamps, or other listed means. Connections depend¬ 
ing on solder shall not be used. Ground clamps shall be 
listed for the materials of the grounding electrode and the 
grounding electrode conductor and, where used on 
rod, or other buried electrodes, shall also be listed fo: 
soil burial or concrete encasement. Not more than om 
ductor shall be connected to the grounding electrode 
single clamp or fitting unless the clamp or fitting is 
for multiple conductors. One of the following methoi 
shall be used: 

(1) A pipe fitting, pipe plug, or othi 
screwed into a pipe or pipe fitting 
A listed bolted clamp oj^ast bronzevor 

(3) For indoor commumlktions purposes only, a listed 
sheet metal strap-type ground clamp having a rigid 
metal base that seats on the electrode and having a 
strap of such material and dimensions that it is not 
likely to stretch during or after installation 

(4) An equally substantial approved means 



( 2 ) 


or plain 


grounded system conductor or grounding electrode 
conductor. 

250.84 Underground Service Cable or Raceway. 

(A) Underground Service Cable. The sheath or armor of 
a continuous underground metal-sheathed or armored ser¬ 
vice cable system that is connected to the grounded system 
conductor on the supply side shall not be required to be 
connected to the grounded system conductor at the building 
or structure. The sheath or armor shall be permitted to be 
insulated from the interior metal raceway or piping. 

(B) Underground Service Raceway Containing Cable. 

An underground metal service raceway that contains a 
metal-sheathedor armored cable connected to the grounded 
system conductor shall not be required to be connected to 
the groundecTsystem conductor at the building or structure. 
The sheath or armor shall be permitted to be insulated from 
thejjrorior ni^il raceway or piping. 

ther Conductor Enclosures and Raceways. Ex- 

rmitted by 250.112(1), metal enclosures and race- 
or other than service conductors shall be connected 
equipment grounding conductor. 

.xceptiori No. 1: Metal enclosures and raceways for con¬ 
's added to existing installations of open wire, knob- 
tube wiring, and nonmetallic-sheathed cable shall not 
be required to be connected to the equipment grounding 
conductor where these enclosures or wiring methods com¬ 
ply with (1) through (4) as follows: 


(1) Do not provide an equipment ground 

(2) Are in runs of less than 7.5 m (25 ft) 

(3) Are free from probable contact with ground, grounded 
metal, metal lath, or other conductive material 

(4) Are guarded against contact by persons 

Exception No. 2: Short sections of metal enclosures or 
raceways used to provide support or protection of cable 
assemblies from physical damage shall not be required to 
be connected to the equipment grounding conductor. 



IV. Enclosure, Raceway, and Service Cable 
Connections 

250.80 Service Raceways and Enclosures. Metal enclo¬ 
sures and raceways for service conductors and equipment 
shall be connected to the grounded system conductor if the 
electrical system is grounded or to the grounding electrode 
conductor for electrical systems that are not grounded. 

Exception: A metal elbow that is installed in an under¬ 
ground nonmetallic raceway and is isolated from possible 
contact by a minimum cover of450 mm (18 in.) to any part 
of the elbow shall not be required to be connected to the 


Exception No. 3: A metal elbow shall not be required to be 
connected to the equipment grounding conductor where it 
is installed in a run of nonmetallic raceway and is isolated 
from possible contact by a minimum cover of 450 mm 
(18 in.) to any part of the elbow or is encased in not less 
than 50 mm (2 in.) of concrete. 

V. Bonding 

250.90 General. Bonding shall be provided where neces¬ 
sary to ensure electrical continuity and the capacity to con¬ 
duct safely any fault current likely to be imposed. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-123 



250.92 


ARTICLE 250 — GROUNDING AND BONDING 


250.92 Services. 

(A) Bonding of Equipment for Services. The normally 
non-current-carrying metal parts of equipment indicated in 
250.92(A)(1) and (A)(2) shall be bonded together. 

(1) All raceways, cable trays, cablebus framework, auxil¬ 
iary gutters, or service cable armor or sheath that en¬ 
close, contain, or support service conductors, except as 
permitted in 250.80 

(2) All enclosures containing service conductors, including 
meter fittings, boxes, or the like, interposed in the ser¬ 
vice raceway or armor 

(B) Method of Bonding at the Service. Bonding jumpers 
meeting the requirements of this article shall be used 
around impaired connections, such as reducing washers or 
oversized, concentric, or eccentric knockouts. Standard 
locknuts or bushings shall not be the only means for the 
bonding required by this section but shall be permitted to 
be installed to make a mechanical connection of the race- 
way(s). 

Electrical continuity at service equipment, service race¬ 
ways, and service conductor enclosures shall be ensured by 
one of the following methods: 

(1) Bonding equipment to the grounded service conductoi 
in a manner provided in 250.8 

(2) Connections utilizing threaded couplings or threaded 
hubs on enclosures if made up wrenchtight 

(3) Threadless couplings and connectors if rqa tit 

for metal raceways and metal-clad cab 

(4) Other listed devices, such as bonding- 
bushings, or bushings with bonding jumper! 

250.94 Bonding for Other Systems. Ant firtersyst^m 
bonding termination for connecting intersystem bonding 
conductors required for other systems shall be provided 
external to enclosures at the service Equipment or metering 
equipment enclosure and at the disconnecting means for 
any additional buildings or structures. The intersystem 
bonding termination shall comply with the following: 

(1) Be accessible for connection and inspection. 

(2) Consist of a set of terminals with the capacity for con¬ 
nection of not less than three intersystem bonding con¬ 
ductors. 

(3) Not interfere with opening the enclosure for a service, 
building or structure disconnecting means, or metering 
equipment. 

(4) At the service equipment, be securely mounted and 
electrically connected to an enclosure for the service 
equipment, to the meter enclosure, or to an exposed 
nonflexible metallic service raceway, or be mounted at 
one of these enclosures and be connected to the enclo¬ 
sure or to the grounding electrode conductor with a 
minimum 6 AWG copper conductor 


or or, 



(5) At the disconnecting means for a building or structure, 
be securely mounted and electrically connected to the 
metallic enclosure for the building or structure discon¬ 
necting means, or be mounted at the disconnecting 
means and be connected to the metallic enclosure or to 
the grounding electrode conductor with a minimum 6 
AWG copper conductor. 

(6) The terminals shall be listed as grounding and bonding 
equipment. 

Exception: In existing buildings or structures where any of 
the intersystem bonding and grounding electrode conduc¬ 
tors required by 770.100(B)(2), 800.100(B)(2), 

810.21(F)(2), 820.100(B)(2), and 830.100(B)(2) exist, in¬ 
stallation of the intersystem bonding termination is not re¬ 
quired. An accessibleSmeans external to enclosures for con¬ 
necting intersystfm bonding and grounding electrode 
conductors shall be permitted at the service equipment and 
at the discotjecting^nfeeans for any additional buildings or 
structu rall y at least crm'-of the following means: 

(1) Exposed nonflexible metallic raceways 

(2) An exmSsed grounding electrode conductor 
Approved means for the external connection of a cop- 

corrosion-resistant bonding or grounding 
conductor to the grounded raceway or 

equipment 


Informational Note No. 1: A 6 AWG copper conductor 
iwith one end bonded to the grounded nonflexible metallic 
raceway or equipment and with 150 mm (6 in.) or more of 
the other end made accessible on the outside wall is an 
example of the approved means covered in 250.94, Excep¬ 
tion item (3). 

Informational Note No. 2: See 770.100, 800.100, 810.21, 
820.100, and 830.100 for intersystem bonding and ground¬ 
ing requirements for conductive optical fiber cables, com¬ 
munications circuits, radio and television equipment, 
CATV circuits and network-powered broadband communi¬ 
cations systems, respectively. 


250.96 Bonding Other Enclosures. 

(A) General. Metal raceways, cable trays, cable armor, 
cable sheath, enclosures, frames, fittings, and other metal 
non-current-carrying parts that are to serve as equipment 
grounding conductors, with or without the use of supple¬ 
mentary equipment grounding conductors, shall be bonded 
where necessary to ensure electrical continuity and the ca¬ 
pacity to conduct safely any fault current likely to be im¬ 
posed on them. Any nonconductive paint, enamel, or simi¬ 
lar coating shall be removed at threads, contact points, and 
contact surfaces or be connected by means of fittings de¬ 
signed so as to make such removal unnecessary. 

(B) Isolated Grounding Circuits. Where installed for the 
reduction of electrical noise (electromagnetic interference) 
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on the grounding circuit, an equipment enclosure supplied 
by a branch circuit shall be permitted to be isolated from a 
raceway containing circuits supplying only that equipment 
by one or more listed nonmetallic raceway fittings located 
at the point of attachment of the raceway to the equipment 
enclosure. The metal raceway shall comply with provisions 
of this article and shall be supplemented by an internal 
insulated equipment grounding conductor installed in ac¬ 
cordance with 250.146(D) to ground the equipment enclo¬ 
sure. 

Informational Note: Use of an isolated equipment ground¬ 
ing conductor does not relieve the requirement for ground¬ 
ing the raceway system. 


Informational Note: See 501.30, 502.30, 503.30, 505.25, 
or 506.25 for specific bonding requirements. [ROP 5-160] 

250.102 Bonding Conductors and Jumpers. 

(A) Material. Bonding jumpers shall be of copper or other 
corrosion-resistant material. A bonding jumper shall be a 
wire, bus, screw, or similar suitable conductor. 

(B) Attachment. Bonding jumpers shall be attached in the 
manner specified by the applicable provisions of 250.8 for 
circuits and equipment and by 250.70 for grounding elec¬ 
trodes. 

(C) Size — Supply-Side Bonding Jumper. 


250.97 Bonding for Over 250 Volts. For circuits of over 
250 volts to ground, the electrical continuity of metal race¬ 
ways and cables with metal sheaths that contain any con¬ 
ductor other than service conductors shall be ensured by 
one or more of the methods specified for services in 
250.92(B), except for (B)(1). 

Exception: Where oversized, concentric, or eccentric 

knockouts are not encountered, or where a box or enclosure 
with concentric or eccentric knockouts is listed to provide a 
reliable bonding connection, the following methods sh 
permitted: 



(1) Threadless couplings and connectors 
metal sheaths 

(2) Two locknuts, on rigid metal ci 
metal conduit, one inside and one > 
cabinets 

(3) Fittings with shoulder^ that seat firmly against the box 
or cabinet, such as electrical metcmia tubing connec¬ 
tors, flexible metal comluit connectors, and cable con¬ 
nectors, with one locknut on the inmde of boxes and 
cabinets 

(4) Listed fittings 

250.98 Bonding Loosely Jointed Metal Raceways. Ex¬ 
pansion fittings and telescoping sections of metal raceways 
shall be made electrically continuous by equipment bond¬ 
ing jumpers or other means. 

250.100 Bonding in Hazardous (Classified) Locations. 

Regardless of the voltage of the electrical system, the elec¬ 
trical continuity of non-current-carrying metal parts of 
equipment, raceways, and other enclosures in any hazard¬ 
ous (classified) location as defined in 500.5, 505.5, and 
506.5 shall be ensured by any of the bonding methods 
specified in 250.92(B)(2) through (B)(4). One or more of 
these bonding methods shall be used whether or not equip¬ 
ment grounding conductors of the wire type are installed. 
[ROP 5-160] 


(1) Size for Supply Conductors in a Single Raceway or 
Cable. The supply-side bonding jumper shall not be 
smaller than Specified in Table 250.102(C). [ROP 5-42] 

or Parallel Conductor Installations in Two or 
ace ways. t Where the ungrounded supply conduc- 
are paralleled in two or more raceways or cables, and 
jdual supply-side bonding jumper is used for bond- 
raceways or cables, the size of the supply-side 
g jumper for each raceway or cable shall be selected 
able 250.102(C) based on the size of the ungrounded 
onductors in each raceway or cable. A single 
Ide bonding jumper installed for bonding two or 
raceways or cables shall be sized in accordance with 
.102(C)(1). [ROP 5-42] 

(3) Different Materials. Where the ungrounded supply 
conductors and the supply-side bonding jumper are of dif¬ 
ferent materials (copper or aluminum), the minimum size 
of the supply-side bonding jumper shall be based on the 
assumed use of ungrounded conductors of the same mate¬ 
rial as the supply-side bonding jumper and with an ampac¬ 
ity equivalent to that of the installed ungrounded supply 
conductors. 

(D) Size — Equipment Bonding Jumper on Load Side 
of an Overcurrent Device. The equipment bonding jumper 
on the load side of an overcurrent device(s) shall be sized 
in accordance with 250.122. 

A single common continuous equipment bonding 
jumper shall be permitted to connect two or more raceways 
or cables if the bonding jumper is sized in accordance with 
250.122 for the largest overcurrent device supplying cir¬ 
cuits therein. 

(E) Installation. Bonding jumpers or conductors and 
equipment bonding jumpers shall be permitted to be in¬ 
stalled inside or outside of a raceway or an enclosure. 

(1) Inside a Raceway or an Enclosure. If installed inside 
a raceway, equipment bonding jumpers and bonding jump¬ 
ers or conductors shall comply with the requirements of 
250.119 and 250.148. 
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Table 250.102(C) Grounded Conductor, Main Bonding 
Jumper, System Bonding Jumper, and Supply Side Bonding 
Jumper for Alternating-Current Systems [ROP 5-42] 


Size of Largest 
Ungrounded Conductor or 
Equivalent Area for 

Parallel Conductors 
(AWG/kcmil) 

Size of Grounded 
Conductor or Bonding 
Jumper 3 (AWG/kcmil) 

Copper 

Aluminum 

or 

Copper-Clad 

Aluminum 

Copper 

Aluminum or 
Copper-Clad 
Aluminum 

2 or smaller 

1/0 or 
smaller 

8 

6 

1 or 1/0 

2/0 or 3/0 

6 

4 

2/0 or 3/0 

4/0 or 250 

4 

2 

Over 3/0 
through 

350 

Over 250 
through 500 

2 

1/0 

Over 350 
through 

600 

Over 500 
through 900 

1/0 

3/0 

Over 600 
through 
1100 

Over 900 
through 1750 

2/0 

4/0 

Over 1100 

Over 1750 

See Notes , 


a For the purposes of this table, the term bonding jumper refers to 
main bonding jumpers, system bonding jumpers, and supply-side 
bonding jumpers. 

Notes: 

1. If the ungrounded supply conductors are larger than 1100 hctnil 
copper or 1750 kcmil aluminum the grounded coriQuctor or 1 
jumper shall have an area not less than 12 Vi percent ( 
largest ungrounded supply conductor or equivalent arSitot^parallel 
supply conductors. The grounded conductor or bonding juiSM: shall 
not be required to be larger than the largest ungroundj^conductot or 
set of ungrounded conductors. 

2. If the ungrounded supply conductor and the bonding Jumper are of 
different materials (copper, aluminum or copper-clad aluminum), the 
minimum size of the grounded conductor bonding jumper shall be 
based on the assumed use of ungrounded simply conductors of the 
same material as the grounded conductor or bonding jumper and with 
an ampacity equivalent to that of the installed ungrounded supply 
conductors. 

3. If multiple sets of service-entrance conductors are used as permitted 
in 230.40 Exception No. 2, or if multiple sets of ungrounded supply 
conductors are installed for a separately derived system, the equiva¬ 
lent size of the largest ungrounded supply conductor(s) shall be deter¬ 
mined by the largest sum of the areas of the corresponding conductors 
of each set. 

4. If there are no service-entrance conductors, the supply conductor 
size shall be determined by the equivalent size of the largest service- 
entrance conductor required for the load to be served. 


Informational Note: See Chapter 9, Table 8 for the circular 
mil area of conductors 18 AWG to 4/0 AWG. [ROP 5-42] 

(2) Outside a Raceway or an Enclosure. If installed on 
the outside, the length of the bonding jumper or conductor 


or equipment bonding jumper shall not exceed 1.8 m (6 ft) 
and shall be routed with the raceway or enclosure. 

Exception: An equipment bonding jumper or supply-side 
bonding jumper longer than 1.8 m (6 ft) shall be permitted 
at outside pole locations for the purpose of bonding or 
grounding isolated sections of metal raceways or elbows 
installed in exposed risers of metal conduit or other metal 
raceway, and for bonding grounding electrodes, and shall 
not be required to be routed with a raceway or enclosure. 

(3) Protection. Bonding jumpers or conductors and equip¬ 
ment bonding jumpers shall be installed in accordance with 
250.64(A) and (B). 

250.104 Bonding of Piping Systems and Exposed Struc¬ 
tural Metal. | ROP 5-164] 

jr 

(A) Metal Water Piping. The metal water piping system 
shall be bonded asrequired in (A)(1), (A)(2), or (A)(3) of 
this section. The bonclng jumper(s) shall be installed in 
acco^^nce with 250.64(A), ,(B), and (E). The points of 
attachment ojlthe bonding jumper(s) shall be accessible. 

(1) General. Metal water piping system(s) installed in or 
attached to a building or structure shall be bonded to the 

ce equipment enclosure, the grounded conductor at the 
service, the grounding electrode conductor where of suffi- 
fft size/or to the one or more grounding electrodes used, 
le bonding jumper(s) shall be sized in accordance with 
Table 250.66 except as permitted in 250.104(A)(2) and 

5(3). 

(2) Buildings of Multiple Occupancy. In buildings of 
multiple occupancy where the metal water piping system(s) 
installed in or attached to a building or structure for the 
individual occupancies is metallically isolated from all 
other occupancies by use of nonmetallic water piping, the 
metal water piping system(s) for each occupancy shall be 
permitted to be bonded to the equipment grounding termi¬ 
nal of the panelboard, switchboard, or metal-enclosed 
switchgear enclosure (other than service equipment) sup¬ 
plying that occupancy. The bonding jumper shall be sized 
in accordance with Table 250.122, based on the rating of 
the overcurrent protective device for the circuit supplying 
the occupancy. [ROP 9-15c, ROP 5-167] 

(3) Multiple Buildings or Structures Supplied by a 

Feeder(s) or Branch Circuit(s). The metal water piping 
system(s) installed in or attached to a building or structure 
shall be bonded to the building or structure disconnecting 
means enclosure where located at the building or structure, 
to the equipment grounding conductor run with the supply 
conductors, or to the one or more grounding electrodes 
used. The bonding jumper(s) shall be sized in accordance 
with 250.66, based on the size of the feeder or branch 
circuit conductors that supply the building or structure. The 
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bonding jumper shall not be required to be larger than the 
largest ungrounded feeder or branch circuit conductor sup¬ 
plying the building or structure. [ROP 5-168] 

(B) Other Metal Piping. If installed in, or attached to, a 
building or structure, a metal piping system(s), including 
gas piping, that is likely to become energized shall be 
bonded to the service equipment enclosure; the grounded 
conductor at the service; the grounding electrode conduc¬ 
tor, if of sufficient size; or to one or more grounding elec¬ 
trodes used. The bonding conductor(s) or jumper(s) shall be 
sized in accordance with 250.122, using the rating of the 
circuit that is likely to energize the piping system(s). The 
equipment grounding conductor for the circuit that is likely 
to energize the piping shall be permitted to serve as the 
bonding means. The points of attachment of the bonding 
jumper(s) shall be accessible. 

Informational Note No. 1: Bonding all piping and metal 

air ducts within the premises will provide additional safety. 

Informational Note No. 2: Additional information for gas 

piping systems can be found in Section 7.13 of NFPA 54- 

2012, National Fuel Gas Code. [ROP 5-172a] 

(C) Structural Metal. Exposed structural metal that 
terconnected to form a metal building frame and 
intentionally grounded or bonded and is likely to be'come 
energized shall be bonded to the service equipment enclc 
sure; the grounded conductor at the service; the disconnec 
ing means for buildings or structures supplied by a feed! 
or branch circuit; the grounding electrode conductor, if or 
sufficient size; or to one or more grounding electrodes 
The bonding jumper(s) shall be sized in accordance with 
Table 250.66 and installed in accordance with 250.64(A), 
(B), and (E). The points of attachment of the bonding jump- 
er(s) shall be accessible unless installed in compliance with 
250.68(A), Exception No. 2. 

(D) Separately Derived SystemSiljMEtal water piping sys¬ 
tems and structural metal that is interconnected to form a 
building frame shall be bonded to separately derived sys¬ 
tems in accordance with (D)(1) through (D)(3). 

(1) Metal Water Piping System(s). The grounded conduc¬ 
tor of each separately derived system shall be bonded to the 
nearest available point of the metal water piping system(s) 
in the area served by each separately derived system. This 
connection shall be made at the same point on the sepa¬ 
rately derived system where the grounding electrode con¬ 
ductor is connected. Each bonding jumper shall be sized in 
accordance with Table 250.66 based on the largest un¬ 
grounded conductor of the separately derived system. 

Exception No. 1: A separate bonding jumper to the metal 
water piping system shall not be required where the metal 
water piping system is used as the grounding electrode for 


the separately derived system and the water piping system 
is in the area served. 

Exception No. 2: A separate water piping bonding jumper 
shall not be required where the metal frame of a building or 
structure is used as the grounding electrode for a sepa¬ 
rately derived system and is bonded to the metal water 
piping in the area served by the separately derived system. 

(2) Structural Metal. Where exposed structural metal that 
is interconnected to form the building frame exists in the 
area served by the separately derived system, it shall be 
bonded to the grounded conductor of each separately de¬ 
rived system. This connection shall be made at the same 
point on the separately derived system where the grounding 
electrode conductor is connected. Each bonding jumper 
shall be sized in'accordance with Table 250.66 based on the 
largest unbounded conductor of the separately derived sys¬ 
tem. 



Exception No. separate bonding jumper to the build- 

'structural metal shall not be required where the metal 
frame of\a building or structure is used as the grounding 
glecjtrode for the separately derived system. 

\ption No. 2: A separate bonding jumper to the build¬ 
ing structural metal shall not be required where the water 
ting of a building or structure is used as the grounding 
ectt;ode for a separately derived system and is bonded to 
the building structural metal in the area served by the sepa¬ 
rately derived system. 

(3) Common Grounding Electrode Conductor. Where a 
common grounding electrode conductor is installed for 
multiple separately derived systems as permitted by 
250.30(A)(6), and exposed structural metal that is intercon¬ 
nected to form the building frame or interior metal piping 
exists in the area served by the separately derived system, 
the metal piping and the structural metal member shall be 
bonded to the common grounding electrode conductor in 
the area served by the separately derived system. 

Exception: A separate bonding jumper from each derived 
system to metal water piping and to structural metal mem¬ 
bers shall not be required where the metal water piping and 
the structural metal members in the area served by the 
separately derived system are bonded to the common 
grounding electrode conductor. 

250.106 Lightning Protection Systems. The lightning 
protection system ground terminals shall be bonded to the 
building or structure grounding electrode system. 

Informational Note No. 1: See 250.60 for use of strike 
termination devices. For further information, see 
NFPA 780-2011, Standard for the Installation of Lightning 
Protection Systems, which contains detailed information on 
grounding, bonding, and sideflash distance from lightning 
protection systems. 
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Informational Note No. 2: Metal raceways, enclosures, 
frames, and other non-current-carrying metal parts of elec¬ 
trical equipment installed on a building equipped with a 
lightning protection system may require bonding or spacing 
from the lightning protection conductors in accordance 
with NFPA 780-2011, Standard for the Installation of 
Lightning Protection Systems. 

VI. Equipment Grounding and Equipment Grounding 
Conductors 


(A) Switchboard or Switchgear Frames and Structures. 

Switchboard or switchgear frames and structures support¬ 
ing switching equipment, except frames of 2-wire dc 
switchboards or switchgear where effectively insulated 
from ground. [ROP 9-15d] 

(B) Pipe Organs. Generator and motor frames in an elec¬ 
trically operated pipe organ, unless effectively insulated 
from ground and the motor driving it. 


250.110 Equipment Fastened in Place (Fixed) or Con¬ 
nected by Permanent Wiring Methods. Exposed, nor¬ 
mally non-current-carrying metal parts of fixed equipment 
supplied by or enclosing conductors or components that are 
likely to become energized shall be connected to an equip¬ 
ment grounding conductor under any of the following con¬ 
ditions: 

(1) Where within 2.5 m (8 ft) vertically or 1.5 m (5 ft) 
horizontally of ground or grounded metal objects and 
subject to contact by persons 

(2) Where located in a wet or damp location and not iso¬ 
lated 

(3) Where in electrical contact with metal 

(4) Where in a hazardous (classified) location as coverei 
by Articles 500 through 517 

(5) Where supplied by a wiring method that provides an 
equipment grounding conductor, except as pei^ 

250.86 Exception No. 2 for short secti 
enclosures 

(6) Where equipment operates with any te 
150 volts to ground 

Exception No. 1: If exempted b^Speciat^pe^pissfon. Jhe 
metal frame of electrically heate^appliances W hav i 
frame permanently and ejfecti\^^uisulated from ground 
shall not be required to be groun 
Exception No. 2: Distribution appardfii^Mlfch as trans 
former and capacitor cases, mounted on \W>oden poles at a 
height exceeding 2.5 m (8 ft) above ground or grade level 
shall not be required to be grounded. 

Exception No. 3: Listed equipment protected by a system 
of double insulation, or its equivalent, shall not be required 
to be connected to the equipment grounding conductor. 
Where such a system is employed, the equipment shall be 
distinctively marked. 


(C) Motor Frames. Motor frames, as provided by 
430.242. 

(D) Enclosures for Motor Controllers. Enclosures for 
motor controllers unless attached to ungrounded portable 
equipment. 


(E) Elevators 

tors and crane! 


Cranes. Electrical equipment for eleva- 




:s, Theaters, and Motion Picture Studios. 

ment in commercial garages, theaters, and 
'studios, except pendant lampholders sup- 
its not over 150 volts to ground. 

igns. Electric signs, outline lighting, and as- 
ent as provided in 600.7. 


Motion Picture Projection Equipment. Motion pic- 
projection equipment. 

Remote-Control, Signaling, and Fire Alarm Circuits. 

Equipment supplied by Class 1 circuits shall be grounded 
unless operating at less than 50 volts. Equipment supplied 
by Class 1 power-limited circuits, by Class 2 and Class 3 
remote-control and signaling circuits, and by fire alarm cir¬ 
cuits shall be grounded where system grounding is required 
by Part II or Part VIII of this article. 

(J) Luminaires. Luminaires as provided in Part V of Ar¬ 
ticle 410. 

(K) Skid-Mounted Equipment. Permanently mounted 
electrical equipment and skids shall be connected to the 
equipment grounding conductor sized as required by 
250.122. 

(L) Motor-Operated Water Pumps. Motor-operated wa¬ 
ter pumps, including the submersible type. 


250.112 Specific Equipment Fastened in Place (Fixed) 
or Connected by Permanent Wiring Methods. Except as 
permitted in 250.112(F) and (I), exposed, normally non- 
current-carrying metal parts of equipment described in 
250.112(A) through (K), and normally non-current¬ 
carrying metal parts of equipment and enclosures described 
in 250.112(L) and (M), shall be connected to an equipment 
grounding conductor, regardless of voltage. 


(M) Metal Well Casings. Where a submersible pump is 
used in a metal well casing, the well casing shall be con¬ 
nected to the pump circuit equipment grounding conductor. 

250.114 Equipment Connected by Cord and Plug. Un¬ 
der any of the conditions described in 250.114(1) through 
(4), exposed, normally non-current-carrying metal parts of 
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cord-and-plug-connected equipment shall be connected to 
the equipment grounding conductor. 

Exception: Listed tools, listed appliances, and listed 
equipment covered in 250.114(2) through (4) shall not be 
required to be connected to an equipment grounding con¬ 
ductor where protected by a system of double insulation or 
its equivalent. Double insulated equipment shall be distinc¬ 
tively marked. 

(1) In hazardous (classified) locations (see Articles 500 
through 517) 

(2) Where operated at over 150 volts to ground 


connected to an equipment grounding conductor where 
supplied through an isolating transformer with an un¬ 
grounded secondary of not over 50 volts. 

250.116 Nonelectrical Equipment. The metal parts of the 
following nonelectrical equipment described in this section 
shall be connected to the equipment grounding conductor: 

(1) Frames and tracks of electrically operated cranes and 
hoists 

(2) Frames of nonelectrically driven elevator cars to which 
electrical conductors are attached 


a. 

b. 


Exception No. 1: Motors, where guarded, shall not be 
required to be connected to an equipment grounding 
conductor. 

Exception No. 2: Metal frames of electrically heated ap¬ 
pliances, exempted by special permission, shall not be re¬ 
quired to be connected to an equipment grounding conduc¬ 
tor, in which case the frames shall be permanently and 
effectively insulated from ground. 

(3) In residential occupancies: 

Refrigerators, freezers, and air conditioners 
Clothes-washing, clothes-drying, dish-washin 
chines; ranges; kitchen waste disposers; infori 
technology equipment; sump pumps and elei 
aquarium equipment 

c. Hand-held motor-operated tools, stationary 
fixed motor-operated tools, aMHighf industrfl 
motor-operated tools 

d. Motor-operated appliances of the following types: 
hedge clippers, lawn mower s, snow blowers, and 
wet scrubbers 

e. Portable handlamj 
In other than residential occupancie; 

Refrigerators, freezers, and air conditioners 
Clothes-washing, clothes-drying, dish-washing ma¬ 
chines; information technology equipment; sump 
pumps and electrical aquarium equipment 
Hand-held motor-operated tools, stationary and 
fixed motor-operated tools, and light industrial 
motor-operated tools 

Motor-operated appliances of the following types: 
hedge clippers, lawn mowers, snow blowers, and 
wet scrubbers 
Portable handlamps 

Cord-and-plug-connected appliances used in damp 
or wet locations or by persons standing on the 
ground or on metal floors or working inside of metal 
tanks or boilers 

Tools likely to be used in wet or conductive loca¬ 
tions 




(4) 


a. 

b. 


d. 


e. 

f. 


g- 


Exception: Tools and portable handlamps likely to be used 
in wet or conductive locations shall not be required to be 


(3) Hand-operated metal shifting ropes or cables of electric 
elevators 

Informational Note: Where extensive metal in or on build¬ 
ings or structures may become energized and is subject to 
personal ccsntact, adequate bonding and grounding will pro¬ 
vide additional safety. [ROP 5-182] 

18 Types of Equipment Grounding Conductors. 

equipment grounding conductor run with or enclosing 
conductors shall be one or more or a combina- 
the following: 

copper, aluminum, or copper-clad aluminum con- 
tor. This conductor shall be solid or stranded; in- 
ted, covered, or bare; and in the form of a wire or 
busbar of any shape. 

Rigid metal conduit. 

Intermediate metal conduit. 

Electrical metallic tubing. 

Listed flexible metal conduit meeting all the following 

conditions: 

a. The conduit is terminated in listed fittings. 

b. The circuit conductors contained in the conduit are 
protected by overcurrent devices rated at 20 am¬ 
peres or less. 

c. The combined length of flexible metal conduit and 
flexible metallic tubing and liquidtight flexible 
metal conduit in the same ground-fault current 
path does not exceed 1.8 m (6 ft). 

d. If used to connect equipment where flexibility is 
necessary to minimize the transmission of vibra¬ 
tion from equipment or to provide flexibility for 
equipment that requires movement after installa¬ 
tion, an equipment grounding conductor shall be 
installed. 

(6) Listed liquidtight flexible metal conduit meeting all 

the following conditions: 

a. The conduit is terminated in listed fittings. 

b. For metric designators 12 through 16 (trade sizes 
% through 1 If), the circuit conductors contained in 
the conduit are protected by overcurrent devices 
rated at 20 amperes or less. 
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c. For metric designators 21 through 35 (trade sizes 
% through 1 'A), the circuit conductors contained in 
the conduit are protected by overcurrent devices 
rated not more than 60 amperes and there is no 
flexible metal conduit, flexible metallic tubing, or 
liquidtight flexible metal conduit in trade sizes 
metric designators 12 through 16 (trade sizes % 
through Vi) in the ground-fault current path. 

d. The combined length of flexible metal conduit and 
flexible metallic tubing and liquidtight flexible 
metal conduit in the same ground-fault current 
path does not exceed 1.8 m (6 ft). 

e. If used to connect equipment where flexibility is 
necessary to minimize the transmission of vibra¬ 
tion from equipment or to provide flexibility for 
equipment that requires movement after installa¬ 
tion, an equipment grounding conductor shall be 
installed. 

(7) Flexible metallic tubing where the tubing is termi¬ 
nated in listed fittings and meeting the following con¬ 
ditions: 

a. The circuit conductors contained in the tubing are 
protected by overcurrent devices rated at 20 am 
peres or less. 

b. The combined length of flexible metal conduit and 
flexible metallic tubing and liquidtight flex ible 
metal conduit in the same ground-fault current 
path does not exceed 1.8 m (6 ft). 

(8) Armor of Type AC cable as provided %||20.1 

(9) The copper sheath of mineral-insulated, / 
sheathed cable Type MI. [Ri 



(10) Type MC cable that pro vie 
current path in accordant 
following: 

a. It contains an insulated or uninsulated equipment 
grounding conductor in compliance with 
250.118(1) 

b. The combined metallic sheath and uninsulated 
equipment grounding/bonding conductor of inter¬ 
locked metal tape-type MC cable that is listed and 
identified as an equipment grounding conductor 

c. The metallic sheath or the combined metallic 
sheath and equipment grounding conductors of the 
smooth or corrugated tube-type MC cable that is 
listed and identified as an equipment grounding 
conductor 

(11) Cable trays as permitted in 392.10 and 392.60. 

(12) Cablebus framework as permitted in 370.3. 

(13) Other listed electrically continuous metal raceways 
and listed auxiliary gutters. 

(14) Surface metal raceways listed for grounding. 


Informational Note: For effective ground-fault current 
path, see Article 100, Definitions. [ROP 5-184a] 

250.119 Identification of Equipment Grounding Con¬ 
ductors. Unless required elsewhere in this Code , equip¬ 
ment grounding conductors shall be permitted to be bare, 
covered, or insulated. Individually covered or insulated 
equipment grounding conductors shall have a continuous 
outer finish that is either green or green with one or more 
yellow stripes except as permitted in this section. Conduc¬ 
tors with insulation or individual covering that is green, 
green with one or more yellow stripes, or otherwise identi¬ 
fied as permitted by this section shall not be used for un¬ 
grounded or grounded circuit conductors. 

Exception No. 1: P^er-limited Class 2 or Class 3 cables, 
power-limited fire alarm cables, or communications cables 
containing only circuits operating at less than 50 volts 
where connected to equipment not required to be grounded 
in accordance with 250.112(1) shall be permitted to use a 
conductor with green insulation or green with one or more 
5 or other man equipment grounding pur- 
188 ] 

'. 2: Flexible cords that do not have an equip- 
conductor, where the insulation and jacket 
each other, shall be permitted to have a 
ter finish that is green. [ROP 5-188] 

Informational Note: An example of a flexible cord with 
integral type insulation is Type SPT-2, 2 conductor. [ROP 
5-188] 

Exception No. 3: Conductors with green insulation shall be 
permitted to be used as ungrounded signal conductors 
where installed between the output terminations of traffic 
signal control and traffic signal indicating heads. Signaling 
circuits installed in accordance with this exception shall 
include an equipment grounding conductor in accordance 
with 250.118. Wire type equipment grounding conductors 
shall be bare or have insulation or covering that is green 
with one or more yellow stripes. [ROP 5-41a] 

(A) Conductors 4 AWG and Larger. Equipment ground¬ 
ing conductors 4 AWG and larger shall comply with 
250.119(A)(1) and (A)(2). [ROP 5-189] 

(1) An insulated or covered conductor 4 AWG and larger 
shall be permitted, at the time of installation, to be 
permanently identified as an equipment grounding con¬ 
ductor at each end and at every point where the con¬ 
ductor is accessible. [ROP 5-189] 

Exception: Conductors 4 AWG and larger shall not be 
required to be marked in conduit bodies that contain no 
splices or unused hubs. [ROP 5-189] 

(2) Identification shall encircle the conductor and shall be 
accomplished by one of the following: 
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a. Stripping the insulation or covering from the entire 
exposed length 

b. Coloring the insulation or covering green at the ter¬ 
mination 

c. Marking the insulation or covering with green tape 
or green adhesive labels at the termination 

(B) Multiconductor Cable. Where the conditions of 
maintenance and supervision ensure that only qualified per¬ 
sons service the installation, one or more insulated conduc¬ 
tors in a multiconductor cable, at the time of installation, 
shall be permitted to be permanently identified as equip¬ 
ment grounding conductors at each end and at every point 
where the conductors are accessible by one of the following 
means: 

(1) Stripping the insulation from the entire exposed length 

(2) Coloring the exposed insulation green 

(3) Marking the exposed insulation with green tape or 
green adhesive labels 

(C) Flexible Cord. An uninsulated equipment grounding 
conductor shall be permitted, but, if individually covered, 
the covering shall have a continuous outer finish that is 
either green or green with one or more yellow stripe; 

250.120 Equipment Grounding Conductor Installikti 

An equipment grounding conductor shall be installed 
accordance with 250.120(A), (B), and 


(A) Raceway, Cable Trays, Cable 
Cable Sheaths. Where it consists of 
cable armor, cablebus framewo: 
it is a wire within a raceway or cable, l 
accordance with the applicable provisii 
ing fittings for joints aSj terminations 
with the type raceway or cable used, 
joints, and fittings shall be mauillighj 




or where 
installed in 
m tl it^Code us- 
pproved for use 
dl connections, 
frig suitable tools. 


Informational Note: See the UL^uide information on 
FHIT systems for equipment grounding conductors in¬ 
stalled in a raceway that are part of an electrical circuit 
protective system or a fire-rated cable listed to maintain 
circuit integrity. 

(B) Aluminum and Copper-Clad Aluminum Conduc¬ 
tors. Equipment grounding conductors of bare or insulated 
aluminum or copper-clad aluminum shall be permitted. 
Bare conductors shall not come in direct contact with ma¬ 
sonry or the earth or where subject to corrosive conditions. 
Aluminum or copper-clad aluminum conductors shall not 
be terminated within 450 mm (18 in.) of the earth. 

(C) Equipment Grounding Conductors Smaller Than 6 
AWG. Where not routed with circuit conductors as permit¬ 
ted in 250.130(C) and 250.134(B) Exception No. 2, equip¬ 
ment grounding conductors smaller than 6 AWG shall be 


protected from physical damage by an identified raceway or 
cable armor unless installed within hollow spaces of the 
framing members of buildings or structures and where not 
subject to physical damage. 

250.121 Use of Equipment Grounding Conductors. An 

equipment grounding conductor shall not be used as a 
grounding electrode conductor. 

250.122 Size of Equipment Grounding Conductors. 

(A) General. Copper, aluminum, or copper-clad aluminum 
equipment grounding conductors of the wire type shall not 
be smaller than shown in Table 250.122, but in no case 
shall they be required to be larger than the circuit conduc¬ 
tors supplying the equipment. Where a cable tray, a race¬ 
way, or a cable armor or sheath is used as the equipment 
grounding conductor, as provided in 250.118 and 
250.1|4(A)^| shall comply with 250.4(A)(5) or (B)(4). 
quipment grounding conductors shall be permitted to 
^sectioned within multiconductor cable, provided the 
combined circular nm area complies with Table 250.122. 

ncreased in Size. Where ungrounded conductors are 
increased in size from the minimum size that has sufficient 
ampacity for the intended installation, wire type equipment 
ding conductors, where installed, shall be increased in 
size^proportionately according to the circular mil area of 
the ungrounded conductors. [ROP 5-199] 

(C) Multiple Circuits. Where a single equipment ground¬ 
ing conductor is run with multiple circuits in the same 
raceway, cable, or cable tray, it shall be sized for the largest 
overcurrent device protecting conductors in the raceway, 
cable, or cable tray. Equipment grounding conductors in¬ 
stalled in cable trays shall meet the minimum requirements 
of 392.10(B)(1)(c). 

(D) Motor Circuits. Equipment grounding conductors for 
motor circuits shall be sized in accordance with (D)(1) or 

(D)(2). 

(1) General. The equipment grounding conductor size 
shall not be smaller than determined by 250.122(A) based 
on the rating of the branch-circuit short-circuit and ground- 
fault protective device. 

(2) Instantaneous-Trip Circuit Breaker and Motor 
Short-Circuit Protector. Where the overcurrent device is 
an instantaneous-trip circuit breaker or a motor short-circuit 
protector, the equipment grounding conductor shall be 
sized not smaller than that given by 250.122(A) using the 
maximum permitted rating of a dual element time-delay 
fuse selected for branch-circuit short-circuit and ground- 
fault protection in accordance with 430.52(C)(1), Exception 
No. 1. 
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(E) Flexible Cord and Fixture Wire. The equipment 
grounding conductor in a flexible cord with the largest cir¬ 
cuit conductor 10 AWG or smaller, and the equipment 
grounding conductor used with fixture wires of any size in 
accordance with 240.5, shall not be smaller than 18 AWG 
copper and shall not be smaller than the circuit conductors. 
The equipment grounding conductor in a flexible cord with 
a circuit conductor larger than 10 AWG shall be sized in 
accordance with Table 250.122. 

(F) Conductors in Parallel. Conductors installed in paral¬ 
lel shall have equipment grounding conductors installed in 
accordance with (1) or (2). Each equipment grounding con¬ 
ductor shall be sized in compliance with 250.122. [ROP 

5-201a] 

(1) If conductors are installed in multiple raceways or 
cables as permitted in 310.10(H), wire type equipment 
grounding conductors, if installed, shall be in parallel 
in each raceway or cable and shall not be required to be 
larger than the largest ungrounded conductor installed 
in each raceway or cable. [ROP 5-201a] 

Exception: Under engineering supervision in industrial lo¬ 
cations the total area of the combined equipmen t grounding 
conductors of the wire type shall not be less than the cir-\ 
cular mil area specified in Table 250.122. The individual 
equipment grounding conductors shall not be smaller than 
6 AWG copper or 4 AWG aluminum. [ROP 5-20 

(2) If conductors are installed in the same rai 
or cable tray as permitted in 310.10(H), a 
ment grounding conductor shall be per 
ment grounding conductors installed it! call 
meet the minimum requirements of 
[ROP 5-20la] 

(G) Feeder Taps. Equipment grounding conductors run 
with feeder taps shall not be smaller than shown in Table 
250.122 based on the rating of the overcurrent device ahead 
of the feeder but shall not be required to Be larger than the 
tap conductors. 

250.124 Equipment Grounding Conductor Continuity. 

(A) Separable Connections. Separable connections such 
as those provided in drawout equipment or attachment 
plugs and mating connectors and receptacles shall provide 
for first-make, last-break of the equipment grounding con¬ 
ductor. First-make, last-break shall not be required where 
interlocked equipment, plugs, receptacles, and connectors 
preclude energization without grounding continuity. 

(B) Switches. No automatic cutout or switch shall be 
placed in the equipment grounding conductor of a premises 
wiring system unless the opening of the cutout or switch 
disconnects all sources of energy. 


Table 250.122 Minimum Size Equipment Grounding 
Conductors for Grounding Raceway and Equipment 


Rating or Setting of 
Automatic Overcurrent 
Device in Circuit Ahead 
of Equipment, Conduit, 
etc., Not Exceeding 
(Amperes) 

Size (AWG or kcmil) 

Copper 

Aluminum or 
Copper-Clad 
Aluminum* 

15 

14 

12 

20 

12 

10 

60 

10 

8 

100 

8 

6 


200 

300 

400 




:e: Where necessary to comply with 250.4(A)(5) or (B)(4), the 
Iquipment grounding conductor shall be sized larger than given in this 
table. 

*See installation restrictions in 250.120. 


250.126 Identification of Wiring Device Terminals. The 

terminal for the connection of the equipment grounding 

conductor shall be identified by one of the following: 

(1) A green, not readily removable terminal screw with a 
hexagonal head. 

(2) A green, hexagonal, not readily removable terminal 
nut. 

(3) A green pressure wire connector. If the terminal for the 
equipment grounding conductor is not visible, the con¬ 
ductor entrance hole shall be marked with the word 
greeti or ground, the letters G or GR, a grounding sym¬ 
bol, or otherwise identified by a distinctive green color. 
If the terminal for the equipment grounding conductor 
is readily removable, the area adjacent to the terminal 
shall be similarly marked. [ROP 5-207] 


Informational Note: 
250.126. 


See Informational Note Figure 
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Informational Note Figure 250.126 One Example of a Symbol 
Used to Identify the Grounding Termination Point for an 
Equipment Grounding Conductor. 


VII. Methods of Equipment Grounding 

250.130 Equipment Grounding Conductor Connec¬ 
tions. Equipment grounding conductor connections at the 
source of separately derived systems shall be made in ac¬ 
cordance with 250.30(A)(1). Equipment grounding conduc¬ 
tor connections at service equipment shall be made as in¬ 
dicated in 250.130(A) or (B). For replacement of non¬ 
grounding-type receptacles with grounding-type receptacles 
and for branch-circuit extensions only in existing installa¬ 
tions that do not have an equipment grounding conductor in 
the branch circuit, connections shall be permitted as indi¬ 
cated in 250.130(C). 

(A) For Grounded Systems. The connection shall be 
made by bonding the equipment grounding conductor to the 
grounded service conductor and the grounding electrode 
conductor. 


(B) For Ungrounded Systems. The connection sh; 
made by bonding the equipment grounding conductor 
grounding electrode conductor. 


(C) Nongrounding Receptacle Replacement or Brand 
Circuit Extensions. The equipment grounding conductor 
of a grounding-type receptacle pr-a branch-circuit extension 

of t^afollowing: 
g electrode sys- 



g electrode con- 


shall be permitted to be cor; 

(1) Any accessible point oh the grout! 
tem as described in 250.50 

(2) Any accessible point on 
ductor 

(3) The equipment grounding terifUfial bar within the en¬ 
closure where the branch circuit for the receptacle or 
branch circuit originates 

(4) To an equipment grounding conductor that is part of 
another branch circuit that originates from the enclo¬ 
sure where the branch circuit for the receptacle or 
branch circuit originates [ROP 5-209] 

(5) For grounded systems, the grounded service conductor 
within the service equipment enclosure 

(6) For ungrounded systems, the grounding terminal bar 
within the service equipment enclosure 

Informational Note: See 406.4(D) for the use of a ground- 
fault circuit-interrupting type of receptacle. 

250.132 Short Sections of Raceway. Isolated sections of 

metal raceway or cable armor, where required to be 


grounded, shall be connected to an equipment grounding 
conductor in accordance with 250.134. 

250.134 Equipment Fastened in Place or Connected by 
Permanent Wiring Methods (Fixed) — Grounding. Un¬ 
less grounded by connection to the grounded circuit con¬ 
ductor as permitted by 250.32, 250.140, and 250.142, non- 
current-carrying metal parts of equipment, raceways, and 
other enclosures, if grounded, shall be connected to an 
equipment grounding conductor by one of the methods 
specified in 250.134(A) or (B). 

(A) Equipment Grounding Conductor Types. By con¬ 
necting to any of the equipment grounding conductors per¬ 
mitted by 250.118. 



Conductors. By connecting to an equip- 
g conductor contained within the same race- 
.herwise run with the circuit conductors. 



(B) With 

ment 
way, 

option No. provided in 250.130(C), the equip¬ 

ment grounding conductor shall be permitted to be run 
separately from the circuit conductors. 

ition No. 2: For dc circuits, the equipment grounding 
conductor shall be permitted to be run separately from the 
circuit conductors. 

rmational Note No. 1: See 250.102 and 250.168 for 
equipment bonding jumper requirements. 

Informational Note No. 2: See 400.7 for use of cords for 
fixed equipment. 

250.136 Equipment Considered Grounded. Under the 
conditions specified in 250.136(A) and (B), the normally 
non-current-carrying metal parts of the equipment shall be 
considered grounded. 

(A) Equipment Secured to Grounded Metal Supports. 

Electrical equipment secured to and in electrical contact 
with a metal rack or structure provided for its support and 
connected to an equipment grounding conductor by one of 
the means indicated in 250.134. The structural metal frame 
of a building shall not be used as the required equipment 
grounding conductor for ac equipment. 

(B) Metal Car Frames. Metal car frames supported by 
metal hoisting cables attached to or running over metal 
sheaves or drums of elevator machines that are connected 
to an equipment grounding conductor by one of the meth¬ 
ods indicated in 250.134. 

250.138 Cord-and-Plug-Connected Equipment. Non- 
current-carrying metal parts of cord-and-plug-connected 
equipment, if grounded, shall be connected to an equipment 
grounding conductor by one of the methods in 250.138(A) 
or (B). 
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(A) By Means of an Equipment Grounding Conductor. 

By means of an equipment grounding conductor run with 
the power supply conductors in a cable assembly or flexible 
cord properly terminated in a grounding-type attachment 
plug with one fixed grounding contact. 

Exception: The grounding contacting pole of grounding- 
type plug-in ground-fault circuit interrupters shall be per¬ 
mitted to be of the movable, self-restoring type on circuits 
operating at not over 150 volts between any two conductors 
or over 150 volts between any conductor and ground. 

(B) By Means of a Separate Flexible Wire or Strap. By 

means of a separate flexible wire or strap, insulated or bare, 
connected to an equipment grounding conductor, and pro¬ 
tected as well as practicable against physical damage, 
where part of equipment. 

250.140 Frames of Ranges and Clothes Dryers. Frames 
of electric ranges, wall-mounted ovens, counter-mounted 
cooking units, clothes dryers, and outlet or junction boxes 
that are part of the circuit for these appliances shall be 
connected to the equipment grounding conductor in the 
manner specified by 250.134 or 250.138. 

Exception: For existing branch-circuit installations only 
where an equipment grounding conductor is not present in ' 
the outlet or junction box, the frames of electric ranges, 
wall-mounted ovens, counter-mounted cookh 
clothes dryers, and outlet or junction boxes 
the circuit for these appliances shall be 
connected to the grounded circuit conduct 
lowing conditions are met. 



an 10 AWG 


(1) The supply circuit is 

3- wire; or 208Y/120-volt 

4- wire, wye-connected system.' 

(2) The grounded conductor is not si'i 
copper or 8 AWG aluminum. 

(3) The grounded conductor is insulated, or the grounded 
conductor is uninsulated and part of a Type SE service- 
entrance cable and the branch circuit originates at the 
service equipment. 

(4) Grounding contacts of receptacles furnished as part of 
the equipment are bonded to the equipment. 


(2) On the supply side or within the enclosure of the main 
disconnecting means for separate buildings as provided 
in 250.32(B) 

(3) On the supply side or within the enclosure of the main 
disconnecting means or overcurrent devices of a sepa¬ 
rately derived system where permitted by 250.30(A)(1) 

(B) Load-Side Equipment. Except as permitted in 
250.30(A)(1) and 250.32(B) Exception, a grounded circuit 
conductor shall not be used for grounding non-current- 
carrying metal parts of equipment on the load side of the 
service disconnecting means or on the load side of a sepa¬ 
rately derived system disconnecting means or the overcur¬ 
rent devices for a separately derived system not having a 
main disconnecting means. 

Exception No. 1: The' frames of ranges, wall-mounted ov¬ 
ens, counter-mounted cooking units, and clothes dryers un¬ 
der the coiyliWon^Wtrmitted for existing installations by 
250.140 shall be permitted to be connected to the grounded 
circuiy$$nductor. 

Exception NcdKP: It shall be permissible to ground meter 
enclosures by connection to the grounded circuit conductor 
on the .side of the sendee disconnect where all of the 

allowing additions apply: 


No service ground-fault protection is installed. 

) All meter enclosures are located immediately adjacent 
to the sendee disconnecting means, 
j The size of the grounded circuit conductor is not 
smaller than the size specified in Table 250.122 for 
equipment grounding conductors. 

Exception No. 3: Direct-current systems shall be permitted 
to be grounded on the load side of the disconnecting means 
or overcurrent device in accordance with 250.164. 

Exception No. 4: Electrode-type boilers operating at over 
1000 volts shall be grounded as required in 490.72(E)(1) 

and 490.74. [ROP 5-212] 

250.144 Multiple Circuit Connections. Where equipment 
is grounded and is supplied by separate connection to more 
than one circuit or grounded premises wiring system, an 
equipment grounding conductor termination shall be pro¬ 
vided for each such connection as specified in 250.134 and 


250.142 Use of Grounded Circuit Conductor for 
Grounding Equipment. 

(A) Supply-Side Equipment. A grounded circuit conduc¬ 
tor shall be permitted to ground non-current-carrying metal 
parts of equipment, raceways, and other enclosures at any 
of the following locations: 

(1) On the supply side or within the enclosure of the ac 
service-disconnecting means 


250.138. 

250.146 Connecting Receptacle Grounding Terminal to 
Box. An equipment bonding jumper shall be used to con¬ 
nect the grounding terminal of a grounding-type receptacle 
to a grounded box unless grounded as in 250.146(A) 
through (D). The equipment bonding jumper shall be sized 
in accordance with Table 250.122 based on the rating of the 
overcurrent device protecting the circuit conductors. 
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(A) Surface-Mounted Box. Where the box is mounted on 
the surface, direct metal-to-metal contact between the de¬ 
vice yoke and the box or a contact yoke or device that 
complies with 250.146(B) shall be permitted to ground the 
receptacle to the box. At least one of the insulating washers 
shall be removed from receptacles that do not have a con¬ 
tact yoke or device that complies with 250.146(B) to ensure 
direct metal-to-metal contact. This provision shall not apply 
to cover-mounted receptacles unless the box and cover 
combination are listed as providing satisfactory ground 
continuity between the box and the receptacle. A listed ex¬ 
posed work cover shall be permitted to be the grounding 
and bonding means when (1) the device is attached to the 
cover with at least two fasteners that are permanent (such 
as a rivet) or have a thread locking or screw or nut locking 
means and (2) when the cover mounting holes are located 
on a flat non-raised portion of the cover. 

(B) Contact Devices or Yokes. Contact devices or yokes 
designed and listed as self-grounding shall be permitted in 
conjunction with the supporting screws to establish bond¬ 
ing between the device yoke and flush-type boxes. [ROP 
5-214] 

(C) Floor Boxes. Floor boxes designed for and li 
providing satisfactory ground continuity between tl 
and the device shall be permitted. 

(D) Isolated Ground Receptacles 

reduction of electrical noise (electro 
on the grounding circuit, a receptacle in which the ground¬ 
ing terminal is purposely insulated from the 
mounting means shall be permitted. The receptacle ground¬ 
ing terminal shall be connected to an insulaH^quipment 
grounding conductor run with the circuit condrRors. This 
equipment grounding conductor shall be permitted to pass 
through one or more panelboards withqiif a connection to 
the panelboard grounding terminal bar as permitted in 
408.40, Exception, so as to terminate within the same 
building or structure directly at an equipment grounding 
conductor terminal of the applicable derived system or ser¬ 
vice. Where installed in accordance with the provisions of 
this section, this equipment grounding conductor shall also 
be permitted to pass through boxes, wireways, or other 
enclosures without being connected to such enclosures. 
[ROP 5-215, ROP 5-216] 




be connected within the box or to the box with devices 
suitable for the use in accordance with 250.148(A) through 
(E). 

Exception: The equipment grounding conductor permitted 
in 250.146(D) shall not be required to be connected to the 
other equipment grounding conductors or to the box. 

(A) Connections. Connections and splices shall be made 
in accordance with 110.14(B) except that insulation shall 
not be required. 

(B) Grounding Continuity. The arrangement of ground¬ 
ing connections shall be such that the disconnection or the 
removal of a receptacle, luminaire, or other device fed from 
the box does/pot interfere with or interrupt the grounding 
continuity. 

(C) Metal Box :es. A connection shall be made between the 
one or more equipment grounding conductors and a metal 

by means of a grounding screw that shall be used for 
'no other, purpose, equipment listed for grounding, or a 
sted grounding device. 

(D) Nonmetallic Boxes. One or more equipment ground¬ 
ing cnB&ictors brought into a nonmetallic outlet box shall 

ganged such that a connection can be made to any 
g or device in that box requiring grounding. 

(E) Solder. Connections depending solely on solder shall 
not be used. 


VIII. Direct-Current Systems 

250.160 General. Direct-current systems shall comply 
with Part VIII and other sections of Article 250 not specifi¬ 
cally intended for ac systems. 

250.162 Direct-Current Circuits and Systems to Be 
Grounded. Direct-current circuits and systems shall be 
grounded as provided for in 250.162(A) and (B). 

(A) Two-Wire, Direct-Current Systems. A 2-wire, dc 
system supplying premises wiring and operating at greater 
than 60 volts but not greater than 300 volts shall be 
grounded. [ROP 5-221] 


Informational Note: Use of an isolated equipment ground¬ 
ing conductor does not relieve the requirement for ground¬ 
ing the raceway system and outlet box. 

250.148 Continuity and Attachment of Equipment 
Grounding Conductors to Boxes. Where circuit conduc¬ 
tors are spliced within a box, or terminated on equipment 
within or supported by a box, any equipment grounding 
conductor(s) associated with those circuit conductors shall 


Exception No. 1: A system equipped with a ground detec¬ 
tor and supplying only industrial equipment in limited ar¬ 
eas shall not be required to be grounded where installed 
adjacent to or integral with the source of supply. [ROP 

5-221], 

Exception No. 2: A rectifier-derived dc system supplied 
from an ac system complying with 250.20 shall not be re¬ 
quired to be grounded. 
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Exception No. 3: Direct-current fire alarm circuits having 
a maximum current of 0.030 ampere as specified in Article 
760, Part III, shall not be required to be grounded. 

(B) Three-Wire, Direct-Current Systems. The neutral 
conductor of all 3-wire, dc systems supplying premises wir¬ 
ing shall be grounded. 

250.164 Point of Connection for Direct-Current Sys¬ 
tems. 

(A) Off-Premises Source. Direct-current systems to be 
grounded and supplied from an off-premises source shall 
have the grounding connection made at one or more supply 
stations. A grounding connection shall not be made at indi¬ 
vidual services or at any point on the premises wiring. 

(B) On-Premises Source. Where the dc system source is 
located on the premises, a grounding connection shall be 
made at one of the following: 

(1) The source 

(2) The first system disconnection means or overcurrent 
device 

(3) By other means that accomplish equivalent system pro¬ 
tection and that utilize equipment listed and identiffe* 
for the use 

250.166 Size of the Direct-Current Groum 
trode Conductor. The size of the grounding 
ductor for a dc system shall be as specified! Ill 
and (B), except as permitted by 250.166(0 throu. 

The grounding electrode conductor fafasLdc 
meet the sizing requirements in this sectii 
required to be larger than 3/0 copper or 250' 1 il 
num. [ROP 5-222] 



(A) Not Smaller Than the Neutral Conductor. Where 
the dc system consists of a 3-wire balanwr set or a balancer 
winding with overcurrent protection as provided in 
445.12(D), the grounding electrode conductor shall not be 
smaller than the neutral conductor and not smaller than 8 
AWG copper or 6 AWG aluminum. 

(B) Not Smaller Than the Largest Conductor. Where the 
dc system is other than as in 250.166(A), the grounding 
electrode conductor shall not be smaller than the largest 
conductor supplied by the system, and not smaller than 8 
AWG copper or 6 AWG aluminum. 

(C) Connected to Rod, Pipe, or Plate Electrodes. Where 
connected to rod, pipe, or plate electrodes as in 
250.52(A)(5) or (A)(7), that portion of the grounding elec¬ 
trode conductor that is the sole connection to the grounding 
electrode shall not be required to be larger than 6 AWG 
copper wire or 4 AWG aluminum wire. 


(D) Connected to a Concrete-Encased Electrode. Where 
connected to a concrete-encased electrode as in 
250.52(A)(3), that portion of the grounding electrode con¬ 
ductor that is the sole connection to the grounding electrode 
shall not be required to be larger than 4 AWG copper wire. 

(E) Connected to a Ground Ring. Where connected to a 
ground ring as in 250.52(A)(4), that portion of the ground¬ 
ing electrode conductor that is the sole connection to the 
grounding electrode shall not be required to be larger than 
the conductor used for the ground ring. 

250.167 Direct-Current Ground Fault Detection. [ROP 
5-223] 


(A) Ungrounded 

shall be require* 


(B) Grounded Sys 

permitted for grounded 



ms. Ground fault detection systems 
ungrounded systems. [ROP 5-223] 

Ground fault detection shall be 
terns. [ROP 5-223] 



(C) Ma rki ng. Direct- current systems shall be legibly 
man®LtoJndicate the grounding type at the dc source or 
the first disconnecting means of the system. The marking 
hall be of sufficient durability to withstand the environ- 
y olvcd; | ROP 5-223] 

formaffifrnal Note: NFPA 70E-2012 identifies four 
direct-current grounding types in detail. [ROP 5-223] 


.168 Direct-Current System Bonding Jumper. For 

direct-current systems that are to be grounded, an unspliced 
bonding jumper shall be used to connect the equipment 
grounding conductor(s) to the grounded conductor at the 
source or the first system disconnecting means where the 
system is grounded. The size of the bonding jumper shall 
not be smaller than the system grounding electrode conduc¬ 
tor specified in 250.166 and shall comply with the provi¬ 
sions of 250.28(A), (B), and (C). 

250.169 Ungrounded Direct-Current Separately De¬ 
rived Systems. Except as otherwise permitted in 250.34 for 
portable and vehicle-mounted generators, an ungrounded 
dc separately derived system supplied from a stand-alone 
power source (such as an engine-generator set) shall have a 
grounding electrode conductor connected to an electrode 
that complies with Part III of this article to provide for 
grounding of metal enclosures, raceways, cables, and ex¬ 
posed non-current-carrying metal parts of equipment. The 
grounding electrode conductor connection shall be to the 
metal enclosure at any point on the separately derived sys¬ 
tem from the source to the first system disconnecting means 
or overcurrent device, or it shall be made at the source of a 
separately derived system that has no disconnecting means 
or overcurrent devices. 
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250.184 


The size of the grounding electrode conductor shall be 
in accordance with 250.166. 


IX. Instruments, Meters, and Relays 

250.170 Instrument Transformer Circuits. Secondary 
circuits of current and potential instrument transformers 
shall be grounded where the primary windings are con¬ 
nected to circuits of 300 volts or more to ground and, where 
installed on or in metal-enclosed switchgear and switch¬ 
boards, shall be grounded irrespective of voltage. [ROP 
5-224, ROP 9-15e] 

Exception No. 1: Circuits where the primary windings are 
connected to circuits of 1000 volts or less with no live parts 
or wiring exposed or accessible to other than qualified 
persons. [ROP 5-225] 

Exception No. 2: Current transformer secondaries con¬ 
nected in a three-phase delta configuration shall not be 
required to be grounded. 

250.172 Instrument Transformer Cases. Cases or frames 
of instrument transformers shall be connected to the equip¬ 
ment grounding conductor where accessible to other than 
qualified persons. 

Exception: Cases or frames of current transformer v 
primaries of which are not over 150 volts ta^ground 
that are used exclusively to supply current to meters. 

250.174 Cases of Instruments, Meters, and Relays Op¬ 


erating at 1000 Volts or Less. Instru 
relays operating with windings or working 
volts or less shall be connected to tlT? equipr 
conductor as specified j^^50.174(A),^^, 

5-227] 





"meiers^fffil 
2 arts at 1000 
grounding 

2 ). [ROP 


(A) Not on Switchboards or Switchgear. Instruments, 
meters, and relays not located on switchboards or switch- 
gear operating with windings or working parts at 300 volts 
or more to ground, and accessible to other than qualified 
persons, shall have the cases and other exposed metal parts 
connected to the equipment grounding conductor. [ROP 
9-15f] 

(B) On Metal-Enclosed Switchgear and Dead Front 
Switchboards. Instruments, meters, and relays (whether 
operated from current and potential transformers or con¬ 
nected directly in the circuit) on or in metal-enclosed 
switchgear and switchboards having no live parts on the 
front of the panels shall have the cases connected to the 
equipment grounding conductor. [ROP 5-227] 


boards having exposed live parts on the front of panels 
shall not have their cases connected to the equipment 
grounding conductor. Mats of insulating rubber or other 
suitable floor insulation shall be provided for the operator 
where the voltage to ground exceeds 150. 

250.176 Cases of Instruments, Meters, and Relays — 
Operating Voltage 1000 Volts and Over. Where instru¬ 
ments, meters, and relays have current-carrying parts of 
1000 volts and over to ground, they shall be isolated by 
elevation or protected by suitable barriers, grounded metal, 
or insulating covers or guards. Their cases shall not be 
connected to the equipment grounding conductor. [ROP 
5-228] 

Exception: Cases of electrostatic ground detectors where 
the internal ground segments of the instrument are con¬ 
nected to the^nstrument case and grounded and the ground 
detecUvr is isolated by elevation. 

178 Instrument Equipment Grounding Conductor. 

ment grounding conductor for secondary circuits 
ent transformers and for instrument cases shall 
smaller than 12 AWG copper or 10 AWG aluminum, 
instrument transformers, instruments, meters, and 
t are mounted directly on grounded metal surfaces 
closures or grounded metal switchboard or metal- 
sed switchgear panels shall be considered to be 
grounded, and no additional equipment grounding conduc¬ 
tor shall be required. [ROP 9-15g] 


X. Grounding of Systems and Circuits of over 1000 
Volts [ROP 5-231] 

250.180 General. Where systems over 1000 volts are 
grounded, they shall comply with all applicable provisions 
of the preceding sections of this article and with 250.182 
through 250.194, which supplement and modify the preced¬ 
ing sections. [ROP 5-230] 

250.182 Derived Neutral Systems. A system neutral point 
derived from a grounding transformer shall be permitted to 
be used for grounding systems over 1 kV. 

250.184 Solidly Grounded Neutral Systems. Solidly 
grounded neutral systems shall be permitted to be either 
single point grounded or multigrounded neutral. 

(A) Neutral Conductor. 

(1) Insulation Level. The minimum insulation level for 
neutral conductors of solidly grounded systems shall be 600 
volts. 


(C) On Live-Front Switchboards. Instruments, meters, 
and relays (whether operated from current and potential 
transformers or connected directly in the circuit) on switch- 
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Exception No. 1: Bare copper conductors shall be permit¬ 
ted to be used for the neutral conductor of the following: 

(1) Service-entrance conductors 

(2) Service laterals or underground service conductors 

[ROP 5-233] 

(3) Direct-buried portions of feeders. 

Exception No. 2: Bare conductors shall be permitted for 
the neutral conductor of overhead portions installed 
outdoors. 

Exception No. 3: The grounded neutral conductor shall be 
permitted to be a bare conductor if isolated from phase 
conductors and protected from physical damage. 

Informational Note: See 225.4 for conductor covering 
where within 3.0 m (10 ft) of any building or other 
structure. 

(2) Ampacity. The neutral conductor shall be of sufficient 
ampacity for the load imposed on the conductor but not less 
than 33'/a percent of the ampacity of the phase conductors. 

Exception: In industrial and commercial premises under 
engineering supervision, it shall be permissible to size the 
ampacity of the neutral conductor to not less than 20 per¬ 
cent of the ampacity of the phase conductor. 

(B) Single-Point Grounded Neutral System. Where a 
single-point grounded neutral system is used, 
shall apply: 

(1) A single-point grounded neutral system j 
ted to be supplied from (a) or (b): 

a. A separately derived system 

b. A multigrounded neutral sy 
grounding conductor /Connected to! 
grounded neutral conductor at the so 
single-point grounded neutral system 

(2) A grounding electrode shall be provided for the system. 

(3) A grounding electrode conductor shall connect the 
grounding electrode to the system neutral conductor. 

(4) A bonding jumper shall connect the equipment ground¬ 
ing conductor to the grounding electrode conductor. 

(5) An equipment grounding conductor shall be provided 
to each building, structure, and equipment enclosure. 

(6) A neutral conductor shall only be required where 
phase-to-neutral loads are supplied. 

(7) The neutral conductor, where provided, shall be insu¬ 
lated and isolated from earth except at one location. 

(8) An equipment grounding conductor shall be run with 
the phase conductors and shall comply with (a), (b), 
and (c): 

a. Shall not carry continuous load 

b. May be bare or insulated 

c. Shall have sufficient ampacity for fault current duty 




(C) Multigrounded Neutral Systems. Where a multi¬ 
grounded neutral system is used, the following shall apply: 

(1) The neutral conductor of a solidly grounded neutral 
system shall be permitted to be grounded at more than 
one point. Grounding shall be permitted at one or more 
of the following locations: 

a. Transformers supplying conductors to a building or 
other structure 

b. Underground circuits where the neutral conductor is 
exposed 

c. Overhead circuits installed outdoors 

(2) The multigrounded neutral conductor shall be grounded 
at each transformer and at other additional locations by 
connection to a grounding electrode. 

(3) At least one grounding electrode shall be installed and 
connected to the multigrounded neutral conductor ev¬ 
ery 400 m (1300 ft). 

(4) The maximum distance between any two adjacent elec- 
trodeil^hall not be more than 400 m (1300 ft). 
lujj pnrnulti grounded shielded cable system, the shielding 

: grounded at each cable joint that is exposed to 
m contact. 

250.186 Ground Fault Circuit Conductor Brought to 
ke Equipment. [ROP 5-234] 

(A) System^ with a Grounded Conductor at the Service 
int. Where an ac system operating at over 1000 volts is 
jounded at any point and is provided with a grounded con- 
tor at the service point, grounded conductor(s) shall be 
stalled and routed with the ungrounded conductors to each 
service disconnecting means and shall be connected to each 
disconnecting means grounded conductor(s) terminal or bus. 
A main bonding jumper shall connect the grounded conduc¬ 
tors) to each service disconnecting means enclosure. The 
grounded conductor(s) shall be installed in accordance with 
250.186(A)(1) through (A)(3). The size of the grounded cir¬ 
cuit conductor(s) shall be the larger of that determined by 
250.184 or 250.186(A)(1) or (2). [ROP 5-234] 

Exception: Where two or more service disconnecting 
means are located in a single assembly listed for use as 
service equipment, it shall be permitted to connect the 
grounded conductor(s) to the assembly common grounded 
conductor(s) terminal or bus. The assembly shall include a 
main bonding jumper for connecting the grounded conduc¬ 
tors) to the assembly enclosure. [ROP 5-234] 

(1) Sizing for a Single Raceway or Overhead Conduc¬ 
tor. The grounded conductor shall not be smaller than the 
required grounding electrode conductor specified in Table 
250.66 but shall not be required to be larger than the largest 
ungrounded service entrance conductor(s). In addition, for 
sets of ungrounded service-entrance conductors larger than 
1100 kcmil copper or 1750 kcmil aluminum, the grounded 
conductor shall not be smaller than 12 Vi percent of the 
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250.188 


circular mil area of the largest set of service-entrance un- cated in 250.186(A)(1), but not smaller than 1/0 AWG. 
grounded conductor(s). [ROP 5-234] [ROP 5-234] 


(2) Parallel Conductors in Two or More Raceways or 
Overhead Conductors. If the ungrounded service-entrance 
conductors are installed in parallel in two or more raceways 
or as overhead parallel conductors, the grounded conduc¬ 
tors shall also be installed in parallel. The size of the 
grounded conductor in each raceway or overhead shall be 
based on the total circular mil area of the parallel un¬ 
grounded conductors in the raceway or overhead, as indi¬ 
cated in 250.186(A)(1), but not smaller than 1/0 AWG. 
[ROP 5-234] 


250.187 Impedance Grounded Neutral Systems. Imped¬ 
ance grounded neutral systems in which a grounding im¬ 
pedance, usually a resistor, limits the ground-fault current 
shall be permitted where all of the following conditions are 
met: 

(1) The conditions of maintenance and supervision ensure 
that only qualified persons service the installation. 

(2) Ground detectors are installed on the system. 

(3) Line-to-neutral loads are not served. 


Informational Note: See 310.10(H) for grounded conduc¬ 
tors connected in parallel. [ROP 5-234] 

(3) Delta-Connected Service. The grounded conductor of 
a 3-phase, 3-wire delta service shall have an ampacity not 
less than that of the ungrounded conductors. [ROP 5-234] 

(B) Systems without a Grounded Conductor at the Ser¬ 
vice Point. Where an ac system operating at greater than 
1000 volts is grounded at any point and is not provided 
with a grounded conductor at the service point, a supply 
side bonding jumper shall be installed and routed 
ungrounded conductors to each service disconnect 
means and shall be connected to each disconnecting mea 
equipment grounding conductor terminal or bus. The 
ply side bonding jumper shall be instaUtf^t^cfordani 
with 250.186(B)(1) and (B)(2). [ROP 5^234] 


Exception: Where two or more servi 
means are located in a single assembly 
service equipment, it shall be pernu 
ply side bonding jumper to the assenMl 
merit grounding terminan^fciis. [ROP 




rsconm 

listed for use as 
connect the sup- 
conimon equip- 

134] 


(1) Sizing for a Single Raceway or Overhead Conduc¬ 
tor. The supply side bonding jumper shall not be smaller 
than the required grounding electrode conductor specified 
in Table 250.66 but shall not be required to be larger than 
the largest ungrounded service entrance conductor(s). In 
addition, for sets of ungrounded service-entrance conduc¬ 
tors larger than 1100 kcmil copper or 1750 kcmil alumi¬ 
num, the supply side bonding jumper shall not be smaller 
than 12 Vi percent of the circular mil area of the largest set 
of service-entrance ungrounded conductor(s). [ROP 5-234] 


Impedance grounded neutral systems shall comply with 
the provisions of 250.187(A) through (D). 

(A) Location. The grounding impedance shall be inserted 
in the grounding electrode conductor between the ground¬ 
ing electrode of the supply system and the neutral point of 
th@j|upply transformer or generator. 

tified and Insulated. The neutral conductor of an 
ce grounded neutral system shall be identified, as 
s fully insulated with the same insulation as the phase 
ctors. 


System Neutral Conductor Connection. The system 
1 conductor shall not be connected to ground, except 
through the neutral grounding impedance. 

(D) Equipment Grounding Conductors. Equipment 
grounding conductors shall be permitted to be bare and 
shall be electrically connected to the ground bus and 
grounding electrode conductor. 

250.188 Grounding of Systems Supplying Portable or 
Mobile Equipment. Systems supplying portable or mobile 
equipment over 1000 volts, other than substations installed 
on a temporary basis, shall comply with 250.188(A) 
through (F). [ROP 5-235] 

(A) Portable or Mobile Equipment. Portable or mobile 
equipment over 1000 volts shall be supplied from a system 
having its neutral conductor grounded through an imped¬ 
ance. Where a delta-connected system over 1000 volts is 
used to supply portable or mobile equipment, a system neu¬ 
tral point and associated neutral conductor shall be derived. 
[ROP 5-236] 


(2) Parallel Conductors in Two or More Raceways or 
Overhead Conductors. If the ungrounded service-entrance 
conductors are installed in parallel in two or more raceways 
or overhead conductors, the supply side bonding jumper 
shall also be installed in parallel. The size of the supply 
side bonding jumper in each raceway or overhead shall be 
based on the total circular mil area of the parallel un¬ 
grounded conductors in the raceway or overhead, as indi- 


(B) Exposed Non-Current-Carrying Metal Parts. Ex¬ 
posed non-current-carrying metal parts of portable or mo¬ 
bile equipment shall be connected by an equipment ground¬ 
ing conductor to the point at which the system neutral 
impedance is grounded. 

(C) Ground-Fault Current. The voltage developed be¬ 
tween the portable or mobile equipment frame and ground 
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by the flow of maximum ground-fault current shall not 
exceed 100 volts. 

(D) Ground-Fault Detection and Relaying. Ground-fault 
detection and relaying shall be provided to automatically 
de-energize any component of a system over 1000 volts 
that has developed a ground fault. The continuity of the 
equipment grounding conductor shall be continuously 
monitored so as to de-energize automatically the circuit of 
the system over 1000 volts to the portable or mobile equip¬ 
ment upon loss of continuity of the equipment grounding 
conductor. [ROP 5-237] 


(2) Shielded Cables. The metallic insulation shield encir¬ 
cling the current carrying conductors shall be permitted to 
be used as an equipment grounding conductor, if it is rated 
for clearing time of ground fault current protective device 
operation without damaging the metallic shield. The metal¬ 
lic tape insulation shield and drain wire insulation shield 
shall not be used as an equipment grounding conductor for 
solidly grounded systems. 

(3) Sizing. Equipment grounding conductors shall be sized 
in accordance with Table 250.122 based on the current rat¬ 
ing of the fuse or the overcurrent setting of the protective 
relay. 


(E) Isolation. The grounding electrode to which the por¬ 
table or mobile equipment system neutral impedance is 
connected shall be isolated from and separated in the 
ground by at least 6.0 m (20 ft) from any other system or 
equipment grounding electrode, and there shall be no direct 
connection between the grounding electrodes, such as bur¬ 
ied pipe and fence, and so forth. 

(F) Trailing Cable and Couplers. Trailing cable and cou¬ 
plers of systems over 1000 volts for interconnection of 
portable or mobile equipment shall meet the requirements 
of Part III of Article 400 for cables and 490.55 for couplers. 

[ROP 5-238] 

250.190 Grounding of Equipment. 

(A) Equipment Grounding. All non-cui 
metal parts of fixed, portable, and mobile 
associated fences, housings, enclosures, 
structures shall be grounded. 

Exception: Where isolated from, ground 
that any person in contact with ground cannot 
metal parts when the equipment is energized 
parts shall not be required to be grounded. 

Informational Note: See 250.110, Exc 
pole-mounted distribution apparatus. 



icatea such 
itacrWich 
the metal 


lo. 2, for 


(B) Grounding Electrode Conductor. If a grounding 
electrode conductor connects non-current-carrying metal 
parts to ground, the grounding electrode conductor shall be 
sized in accordance with Table 250.66, based on the size of 
the largest ungrounded service, feeder, or branch-circuit 
conductors supplying the equipment. The grounding elec¬ 
trode conductor shall not be smaller than 6 AWG copper or 
4 AWG aluminum. 


Informational Note: The overcurrent rating for a circuit 
breaker is the combination of the current transformer ratio 
and the current pickup setting of the protective relay. 


System at Alternating-Current 

stations, the grounding system shall 
t III of Article 250. 


250.191 Grout 
Substations. For an 

be in accordance wit] 




Informational Note: For nuttier information on outdoor ac 
station grounding, see ANSI/IEEE 80-2000, IEEE 
fog '^pfety in AC Substation Grounding. 

unding and Bonding of Fences and Other 
Structures. Metallic Fences enclosing and other 
ures in or surrounding a substation with ex- 
trical conductors and equipment shall be 
[rounded and bonded to limit step, touch and transfer volt- 
s. [ROP 5-241] 

A) Metal Fences. Where metal fences are located within 

5 m (16 Ft) of the exposed electrical conductors or equip¬ 
ment, the fence shall be bonded with wire type bonding 

jumpers to the grounding electrode system as follows: 

(1) Bonding jumpers shall be installed at each fence corner 
and at a maximum 50 m (160 ft) intervals along the 
fence. 

(2) Where bare overhead conductors cross the fence, bond¬ 
ing jumpers shall be installed on each side of the cross¬ 
ing. 

(3) Gates shall be bonded to the gate support post and each 
gate support post bonded to the grounding electrode 
system. 

(4) Any gate or other opening in the fence shall be bonded 
across the opening by a buried bonding jumper. 

(5) The grounding grid or grounding electrode systems 
shall be extended to cover the swing of all gates 


(C) Equipment Grounding Conductor. Equipment 
grounding conductors shall comply with 250.190(C)(1) 
through (C)(3). 

(1) General. Equipment grounding conductors that are not 
an integral part of a cable assembly shall not be smaller 
than 6 AWG copper or 4 AWG aluminum. 


(6) The barbed wire strands above the fence shall be 
bonded to the grounding electrode system 

Alternate designs performed under engineering supervi¬ 
sion shall be permitted for grounding or bonding of metal 
fences. 

[ROP 5-241] 
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Informational Note No. 1: A non-conducting fence or sec¬ 
tion may provide isolation for transfer of voltage to other 
areas. [ROP 5-241] 

Informational Note No. 2: See IEEE 80-2000 IEEE Guide 
for Safety In AC Substation Grounding for design and in¬ 
stallation of fence grounding. [ROP 5-241] 

(B) Metal Structures. All exposed conductive metal struc¬ 
tures including guy wires within 2.5 m (8 Ft) vertically or 5 
m (16 Ft) horizontally of exposed conductors or equipment 
and subject to contact by persons shall be bonded to the 
grounding electrode systems in the area. [ROP 5-241] 


ARTICLE 280 

Surge Arresters, Over 1000 Volts 

[ROP 5-241a] 

I. General 

280.1 Scope. This article covers general requireme 
stallation requirements, and connection requireme 
surge arresters installed on premises wiring systems o 

1000 volts. [ROP 5-241b] 

280.2 Uses Not Permitted. A surge 
installed where the rating of the suri 
the maximum continuous phase-to-groui 
voltage available at the point of applicatio' 

280.3 Number Required. Where used % ja point on a cir¬ 
cuit, a surge arrester shall be connected to each ungrounded 
conductor. A single installation oisuch surge arresters shall 
be permitted to protect a number of interconnected circuits, 
provided that no circuit is exposed to surges while discon¬ 
nected from the surge arresters. 



(B) Silicon Carbide Types. The rating of a silicon 
carbide-type surge arrester shall be not less than 125 per¬ 
cent of the rating specified in 280.4(A). 

Informational Note No. 1: For further information on 
surge arresters, see ANSI/IEEE C62.11-2005, Standard for 
Metal-Oxide Surge Arresters for Alternating-Current 
Power Circuits (>1 kV)\ and ANSI/IEEE C62.22-2009, 
Guide for the Application of Metal-Oxide Surge Arresters 
for Alternating-Current Systems. [ROP 5-242a] 

Informational Note No. 2: The selection of a properly 
rated metal oxide arrester is based on considerations of 
maximum continuous operating voltage and the magnitude 
and duration of overvoltages at the arrester location as af¬ 
fected by phase-to-ground faults, system grounding tech¬ 
niques, switching surges, and other causes. See the manu¬ 
facturer’s application rules for selection of the specific 
arrester to^bg tised at a particular location. 




'.11 Location. Surge arresters shall be permitted to be 
ocatedicdoors or outdoors. Surge arresters shall be made 
>le to unqualified persons, unless listed for instal- 
in accessible locations. 

outing of Surge Arrester Grounding Conduc¬ 
ive conductor used to connect the surge arrester to 
ius, or equipment and to a grounding conductor con¬ 
nection point as provided in 280.21 shall not be any longer 
than necessary and shall avoid unnecessary bends. 

III. Connecting Surge Arresters 

280.21 Connection. The arrester shall be connected to one 
of the following: 

(1) Grounded service conductor 

(2) Grounding electrode conductor 

(3) Grounding electrode for the service 

(4) Equipment grounding terminal in the service 
equipment 


280.4 Surge Arrester Selection. The surge arresters shall 
comply with 280.4(A) and (B). 

(A) Rating. The rating of a surge arrester shall be equal to 
or greater than the maximum continuous operating voltage 
available at the point of application. 

(1) Solidly Grounded Systems. The maximum continuous 
operating voltage shall be the phase-to-ground voltage of 
the system. 


280.23 Surge-Arrester Conductors. The conductor be¬ 
tween the surge arrester and the line and the surge arrester 
and the grounding connection shall not be smaller than 6 
AWG copper or aluminum. 

280.24 Interconnections. The surge arrester protecting a 
transformer that supplies a secondary distribution system 
shall be interconnected as specified in 280.24(A), (B), or 
(C). 


(2) Impedance or Ungrounded System. The maximum 
continuous operating voltage shall be the phase-to-phase 
voltage of the system. 


(A) Metallic Interconnections. A metallic interconnection 
shall be made to the secondary grounded circuit conductor 
or the secondary circuit grounding electrode conductor pro- 
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vided that, in addition to the direct grounding connection at 
the surge arrester, the following occurs: 

(1) Additional Grounding Connection. The grounded 
conductor of the secondary has elsewhere a grounding con¬ 
nection to a continuous metal underground water piping 
system. In urban water-pipe areas where there are at least 
four water-pipe connections on the neutral conductor and 
not fewer than four such connections in each mile of neu¬ 
tral conductor, the metallic interconnection shall be permit¬ 
ted to be made to the secondary neutral conductor with 
omission of the direct grounding connection at the surge 
arrester. 

(2) Multigrounded Neutral System Connection. The 

grounded conductor of the secondary system is a part of a 
multigrounded neutral system or static wire of which the 
primary neutral conductor or static wire has at least four 
grounding connections in each mile of line in addition to a 
grounding connection at each service. 

(B) Through Spark Gap or Device. Where the surge ar¬ 
rester grounding electrode conductor is not connected as in 
280.24(A), or where the secondary is not grounded as in 
280.24(A) but is otherwise grounded as in 250.52, an inter¬ 
connection shall be made through a spark gap or listed' 
device as required by 280.24(B)(1) or (B)(2). 

(1) Ungrounded or Unigrounded Primary 

ungrounded or unigrounded primary systems 
or listed device shall have a 60-Hz breakdo; 
least twice the primary circuit voltage but 
more than 10 kV, and there shall be at leasts 
ground on the grounded conductor of the second, 
not less than 6.0 m (20 ft) distant from the surj e 
grounding electrode. 



(2) Multigrounded Neutral Primary System. For multi¬ 
grounded neutral primary systems, the spark gap or listed 
device shall have a 60-Hz breakdown of not more than 3 
kV, and there shall be at least one other ground on the 
grounded conductor of the secondary that is not less than 
6.0 m (20 ft) distant from the surge-arrester grounding elec¬ 
trode. 

(C) By Special Permission. An interconnection of the 
surge-arrester ground and the secondary neutral conductor, 
other than as provided in 280.24(A) or (B), shall be permit¬ 
ted to be made only by special permission. 


ARTICLE 285 

Surge-Protective Devices (SPDs), 1000 
Volts or Less 

[ROP 5-243a] 

I. General 

285.1 Scope. This article covers general requirements, in¬ 
stallation requirements, and connection requirements for 
SPDs [surge arresters and transient voltage surge suppres¬ 
sors (TVSSs)] permanently installed on premises wiring 
systems 1000 volts taxless. [ROP 5-243b] 


Informational 
less are alsi 




nal Note JNj& 
(TVSSs) are 


•te No. 1: Surge arresters 1000 volts or 
^s Type 1 SPDs. [ROP 5-234b] 

Transient voltage surge sup- 
nown as Type 2 and Type 3 



285.3 Uses Not Permitted. An SPD (surge arrester or 
TVSS) aevice shall not be installed in the following: 

cuit^over 1000 volts [ROP 5-244a] 

unded systems, impedance grounded systems, 
or comer grounded delta systems unless listed specifi¬ 
cally for use on these systems. 

Where the rating of the SPD (surge arrester or TVSS) 
is less than the maximum continuous phase-to-ground 
power frequency voltage available at the point of 
application 

Informational Note: For further information on SPDs 
(TVSSs), see NEMALS 1-1992, Standard for Low Voltage 
Surge Suppression Devices. The selection of a properly 
rated SPD (TVSS) is based on criteria such as maximum 
continuous operating voltage, the magnitude and duration 
of overvoltages at the suppressor location as affected by 
phase-to-ground faults, system grounding techniques, and 
switching surges. 

285.4 Number Required. Where used at a point on a cir¬ 
cuit, the SPD (surge arrester or TVSS) shall be connected 
to each ungrounded conductor. 

285.5 Listing. An SPD (surge arrester or TVSS) shall be a 
listed device. 


280.25 Grounding Electrode Conductor Connections 
and Enclosures. Except as indicated in this article, surge- 
arrester grounding electrode conductor connections shall be 
made as specified in Article 250, Parts III and X. Ground¬ 
ing electrode conductors installed in metal enclosures shall 
comply with 250.64(E). 


285.6 Short-Circuit Current Rating. The SPD (surge ar¬ 
rester or TVSS) shall be marked with a short-circuit current 
rating and shall not be installed at a point on the system 
where the available fault current is in excess of that rating. 
This marking requirement shall not apply to receptacles. 


70-142 


NATIONAL ELECTRICAL CODE 2014 Edition 




ARTICLE 285 — SURGE-PROTECTIVE DEVICES (SPDS), 1000 VOLTS OR LESS 


285.28 


II. Installation 

285.11 Location. SPDs (surge arresters or TVSSs) shall be 
permitted to be located indoors or outdoors and shall be 
made inaccessible to unqualified persons, unless listed for 
installation in accessible locations. 

285.12 Routing of Connections. The conductors used to 
connect the SPD (surge arrester or TVSS) to the line or bus 
and to ground shall not be any longer than necessary and 
shall avoid unnecessary bends. 

285.13 Type 4 and Other Component Type SPDs. Type 
4 component assemblies and other component type SPDs 
are only intended for factory installation and shall not be 
installed in the field. [ROP 5-244b] 

III. Connecting SPDs 

285.21 Connection. Where an SPD (surge arrester or 
TVSS) device is installed, it shall comply with 285.23 
through 285.28. 

285.23 Type 1 SPDs (Surge Arresters). Type 1 SPDs 
shall be installed in accordance with 285.23(A) and' 


(A) Installation. Type 1 SPDs (surge arresters) shal 

installed as follows: 

(1) Type 1 SPDs (surge arresters) shaiyfjf'pern jed to 
connected to the supply side of thirservicq, sconnec 
as permitted in 230.82(4) or 

(2) Type 1 SPDs (surge arrestpfsL&bal 1 [fitted to be 

connected as specified i 

(B) At the Service. When installed alVfsen ices. Type 1 

SPDs shall be connected to one of the following: 

(1) Grounded service conduct? 

(2) Grounding electrode conduct?! 

(3) Grounding electrode for the service 

(4) Equipment grounding terminal in the service 
equipment 




285.24 Type 2 SPDs (TVSSs). Type 2 SPDs (TVSSs) 
shall be installed in accordance with 285.24(A) through 
(C). 

(A) Service-Supplied Building or Structure. Type 2 
SPDs (TVSSs) shall be connected anywhere on the load 
side of a service disconnect overcurrent device required in 
230.91, unless installed in accordance with 230.82(8). 

(B) Feeder-Supplied Building or Structure. Type 2 SPDs 
(TVSSs) shall be connected at the building or structure 
anywhere on the load side of the first overcurrent device at 
the building or structure. 

(C) Separately Derived System. The SPD (TVSS) shall 
be connected on the load side of the first overcurrent device 
in a separatey^jcrived system. 

285.25 Type 3 SPDs. Type 3 SPDs (TVSSs) shall be per¬ 
mitted to be installed on the load side of branch-circuit 
overcurrent protection up to the equipment served. If in- 

ed in the manufacturer’s instructions, the Type 3 SPD 
onnccfion shall be a minimum 10 m (30 ft) of conductor 
istance from the service or separately derived system dis- 
ct. 

onductor Size. Line and grounding conductors 
be smaller than 14 AWG copper or 12 AWG alu- 

285.27 Connection Between Conductors. An SPD (surge 
arrester or TVSS) shall be permitted to be connected be¬ 
tween any two conductors — ungrounded conductor(s), 
grounded conductor, equipment grounding conductor, or 
grounding electrode conductor. The grounded conductor 
and the equipment grounding conductor shall be intercon¬ 
nected only by the normal operation of the SPD (surge 
arrester or TVSS) during a surge. 

285.28 Grounding Electrode Conductor Connections 
and Enclosures. Except as indicated in this article, SPD 
grounding connections shall be made as specified in Article 
250, Part III. Grounding electrode conductors installed in 
metal enclosures shall comply with 250.64(E). 
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Chapter 3 Wiring Methods [ROP 3-8] 


ARTICLE 300 

General Requirements for Wiring 
Methods and Materials [ROP 3-8] 


I. General Requirements 
300.1 Scope. 

(A) All Wiring Installations. This article covers general 
requirements for wiring methods and materials for all wir¬ 
ing installations unless modified by other articles in Chap¬ 
ter 3. [ROP 3-9] 

(B) Integral Parts of Equipment. The provisions of this 
article are not intended to apply to the conductors that form 
an integral part of equipment, such as motors, controllers, 
motor control centers, or factory assembled control equip¬ 
ment or listed utilization equipment. 

(C) Metric Designators and Trade Sizes. Metric designa¬ 
tors and trade sizes for conduit, tubing, and associated fit- 1 
tings and accessories shall be as designated in Table 
300.1(C). 


Table 300.1(C) Metric Designators and Trade 


Metric 

Designator 


12 

16 

21 

27 

35 

41 

53 

63 

78 

91 

103 

129 

155 



(B) Temperature. Temperature limitation of conductors 
shall be in accordance with 310.15(A)(3). 

300.3 Conductors. 

(A) Single Conductors. Single conductors specified in 
Table 310.104(A) shall only be installed where part of a 
recognized wiring method of Chapter 3. 

Exception: Individual conductors shall be permitted 

where installed as separate overhead conductors in accor¬ 
dance with 225.6. 

(B) Conductors of the Same Circuit. All conductors of 
the same circuit and, where used, the grounded conductor 
and all equipment grounding conductors and bonding con¬ 
ductors>halI be contained within the same raceway, auxil¬ 
iary gutter, cable tray, c an I c bps assembly, trench, cable, or 


-therwise permitted 
irough (B)(4). 


in accordance with 


Note: The metric designators and trade sizes are for identification 
purposes only and are not actual dimensions. 


Installations. Conductors shall be permit- 
parallel in accordance with the provisions 
he requirement to run all circuit conductors 
in the same raceway, auxiliary gutter, cable tray, 
ench, cable, or cord shall apply separately to each portion 
the paralleled installation, and the equipment grounding 
inductors shall comply with the provisions of 250.122. 
Parallel runs in cable tray shall comply with the provisions 
of 392.20(C). 

Exception: Conductors installed in nonmetallic raceways 
run underground shall be permitted to be arranged as iso¬ 
lated phase installations. The raceways shall be installed in 
close proximity, and the conductors shall comply with the 
provisions of 300.20(B). 

(2) Grounding and Bonding Conductors. Equipment 
grounding conductors shall be permitted to be installed out¬ 
side a raceway or cable assembly where in accordance with 
the provisions of 250.130(C) for certain existing installa¬ 
tions or in accordance with 250.134(B), Exception No. 2, 
for dc circuits. Equipment bonding conductors shall be per¬ 
mitted to be installed on the outside of raceways in accor¬ 
dance with 250.102(E). 


300.2 Limitations. 

(A) Voltage. Wiring methods specified in Chapter 3 shall 
be used for 1000 volts, nominal, or less where not specifi¬ 
cally limited in some section of Chapter 3. They shall be 
permitted for over 600 volts, nominal, where specifically 
permitted elsewhere in this Code. [ROP 3-10] 


(3) Nonferrous Wiring Methods. Conductors in wiring 
methods with a nonmetallic or other nonmagnetic sheath, 
where run in different raceways, auxiliary gutters, cable 
trays, trenches, cables, or cords, shall comply with the pro¬ 
visions of 300.20(B). Conductors in single-conductor Type 
MI cable with a nonmagnetic sheath shall comply with the 
provisions of 332.31. Conductors of single-conductor Type 


70-144 


NATIONAL ELECTRICAL CODE 2014 Edition 













ARTICLE 300 — GENERAL REQUIREMENTS FOR WIRING METHODS AND MATERIALS [ROP 3-8] 


300.4 


MC cable with a nonmagnetic sheath shall comply with the 
provisions of 330.31, 330.116, and 300.20(B). 

(4) Enclosures. Where an auxiliary gutter runs between a 
column-width panelboard and a pull box, and the pull box 
includes neutral terminations, the neutral conductors of cir¬ 
cuits supplied from the panelboard shall be permitted to 
originate in the pull box. 


Conductors having nonshielded insulation and operat¬ 
ing at different voltage levels shall not occupy the same 
enclosure, cable, or raceway. 

300.4 Protection Against Physical Damage. Where sub¬ 
ject to physical damage, conductors, raceways, and cables 
shall be protected. 

(A) Cables and Raceways Through Wood Members. 


(C) Conductors of Different Systems. 

(1) 1000 Volts, Nominal, or Less. Conductors of ac and dc 
circuits, rated 1000 volts, nominal, or less, shall be permit¬ 
ted to occupy the same equipment wiring enclosure, cable, 
or raceway. All conductors shall have an insulation rating 
equal to at least the maximum circuit voltage applied to any 
conductor within the enclosure, cable, or raceway. [ROP 
3-12] 

Secondary wiring to electric-discharge lamps of 1000 
volts or less, if insulated for the secondary voltage in¬ 
volved, shall be permitted to occupy the same luminaire, 
sign, or outline lighting enclosure as the branch circuit con¬ 
ductors. [ROP 3-12] 

Informational Note No. 1: See 725.136(A) for Class 2 
Class 3 circuit conductors. 

Informational Note No. 2: See 690.4(B) for photovolt: 
source and output circuits. 

(2) Over 1000 Volts, Nominal. Conductors '1 
rated over 1000 volts, nominal, shall not occupy 
equipment wiring enclosure, cable, of race 
ductors of circuits rated 1000 volts, nominal|pr less unless 
otherwise permitted in (C)(2)(a) through (C)^.(d). [ROP 
3-12] 

(a) Primary leads of electric-discharge lamp ballasts in¬ 
sulated for the primary voltaSof the ballast, where con¬ 
tained within the individual wiring enclosure, shall be per¬ 
mitted to occupy the same luminaire, sign, or outline 
lighting enclosure as the branch-circuit conductors. [ROP 
3-12] 

(b) Excitation, control, relay, and ammeter conductors 
used in connection with any individual motor or starter 
shall be permitted to occupy the same enclosure as the 
motor-circuit conductors. [ROP 3-12] 

(c) In motors, transformers, switchgear, switchboards, 
control assemblies, and similar equipment, conductors of 
different voltage ratings shall be permitted. [ROP 3-12, 
ROP 3-15, ROP 3-15a] 

(d) In manholes, if the conductors of each system are 
permanently and effectively separated from the conductors 
of the other systems and securely fastened to racks, insula¬ 
tors, or other approved supports, conductors of different 
voltage ratings shall be permitted. [ROP 3-12] 



(1) Bored Holes. In both exposed and concealed locations, 
where a cable- or raceway-type wiring method is installed 
through bored holes in joists, rafters, or wood members, 
holes shall be bored so that the edge of the hole is not less 
than 32 mm (114 in.) from the nearest edge of the wood 
member. Where this distance cannot be maintained, the 
cable or raceway shall be protected from penetration by 
screws or nails by a steel plate(s) or bushing(s), at least 

1.6 mm (Vie in.) thick, and of appropriate length and width 
installed to cover the area of the wiring. 

eption No. 1: \Steel plates shall not be required to 
rotect/tggid metal conduit, intermediate metal conduit, 

:igid Wonmetallic conduit, or electrical metallic tubing. 

'ception No. 2: A listed and marked steel plate less than 

1.6 nisL.(Vi6 in.) thick that provides equal or better protec- 
st nail or screw penetration shall be permitted. 

otches in Wood. Where there is no objection because 
of weakening the building structure, in both exposed and 
concealed locations, cables or raceways shall be permitted 
to be laid in notches in wood studs, joists, rafters, or other 
wood members where the cable or raceway at those points 
is protected against nails or screws by a steel plate at least 

1.6 mm (146 in.) thick, and of appropriate length and width, 
installed to cover the area of the wiring. The steel plate 
shall be installed before the building finish is applied. 

Exception No. 1: Steel plates shall not be required to 
protect rigid metal conduit, intermediate metal conduit, 
rigid nonmetallic conduit, or electrical metallic tubing. 
Exception No. 2: A listed and marked steel plate less than 

1.6 mm (Vi6 in.) thick that provides equal or better protec¬ 
tion against nail or screw penetration shall be permitted. 

(B) Nonmetallic-Sheathed Cables and Electrical Non¬ 
metallic Tubing Through Metal Framing Members. 

(1) Nonmetallic-Sheathed Cable. In both exposed and 
concealed locations where nonmetallic-sheathed cables 
pass through either factory- or field-punched, cut, or drilled 
slots or holes in metal members, the cable shall be pro¬ 
tected by listed bushings or listed grommets covering all 
metal edges that are securely fastened in the opening prior 
to installation of the cable. 

(2) Nonmetallic-Sheathed Cable and Electrical Nonme¬ 
tallic Tubing. Where nails or screws are likely to penetrate 
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nonmetallic-sheathed cable or electrical nonmetallic tubing, 
a steel sleeve, steel plate, or steel clip not less than 1.6 mm 
(Vi 6 in.) in thickness shall be used to protect the cable or 
tubing. 

Exception: A listed and marked steel plate less than 

1.6 mm (Vi6 in.) thick that provides equal or better protec¬ 
tion against nail or screw penetration shall be permitted. 

(C) Cables Through Spaces Behind Panels Designed to 
Allow Access. Cables or raceway-type wiring methods, in¬ 
stalled behind panels designed to allow access, shall be 
supported according to their applicable articles. 

(D) Cables and Raceways Parallel to Framing Mem¬ 
bers and Furring Strips. In both exposed and concealed 
locations, where a cable- or raceway-type wiring method is 
installed parallel to framing members, such as joists, 
rafters, or studs, or is installed parallel to furring strips, the 
cable or raceway shall be installed and supported so that the 
nearest outside surface of the cable or raceway is not less 
than 32 mm (1 Vi in.) from the nearest edge of the framing 
member or furring strips where nails or screws are likely to 
penetrate. Where this distance cannot be maintained, the 
cable or raceway shall be protected from penetration by 
nails or screws by a steel plate, sleeve, or equivalent at least’ 

1.6 mm (Vi6 in.) thick. 

Exception No. 1: Steel plates, sleeves, or the 
shall not be required to protect rigid metal a 
mediate metal conduit, rigid nonmetallic 
trical metallic tubing. 


Exception No. 2: For concealed 
ings, or finished panels for prefix 
such supporting is impractical 
fish the cables between access p. 

Exception No. 3: A listed and 

1.6 mm (Vi6 in.) thick that provides eq. 
tion against nail or screw penetration 



less than 
W'better protec- 
Tl be permitted. 


(E) Cables, Raceways, or Boxes Installed in or Under 
Roof Decking. A cable, raceway, or box, installed in ex¬ 
posed or concealed locations under metal-corrugated sheet 
roof decking, shall be installed and supported so there is 
not less than 38 mm (11/2 in.) measured from the lowest 
surface of the roof decking to the top of the cable, raceway, 
or box. A cable, raceway, or box shall not be installed in 
concealed locations in metal-corrugated, sheet decking- 
type roof. 

Informational Note: Roof decking material is often re¬ 
paired or replaced after the initial raceway or cabling and 
roofing installation and may be penetrated by the screws or 
other mechanical devices designed to provide “hold down” 
strength of the waterproof membrane or roof insulating 
material. 


Exception: Rigid metal conduit and intermediate metal 
conduit shall not be required to comply with 300.4(E). 

(F) Cables and Raceways Installed in Shallow Grooves. 

Cable- or raceway-type wiring methods installed in a 
groove, to be covered by wallboard, siding, paneling, car¬ 
peting, or similar finish, shall be protected by 1.6 mm (Vi6 
in.) thick steel plate, sleeve, or equivalent or by not less 
than 32-mm (114-in.) free space for the full length of the 
groove in which the cable or raceway is installed. 

Exception No. 1: Steel plates, sleeves, or the equivalent 
shall not be required to protect rigid metal conduit, inter¬ 
mediate metal conduit, rigid nonmetallic conduit, or elec¬ 
trical metallic tubing. 

Exception No. 2: A lasted and marked steel plate less than 

1.6 mm (Vi6 in. jjMick that provides equal or better protec¬ 
tion against nail nr screw penetration shall be permitted. 

(G) Insulated Fittings, Where raceways contain 4 AWG 
or larger insulated circuit conductors, and these conductors 
enter a cabinet, a box, an enclosure, or a raceway, the con¬ 
ductors shall be protected by an identified fitting providing 
a smoothly rounded insulating surface, unless the conduc¬ 
ts are sqlaruted from the fitting or raceway by identified 

ing material that is securely fastened in place. 

r eptionr r Where threaded hubs or bosses that are an 
integral part of a cabinet, box, enclosure, or raceway pro- 
’e a smoothly rounded or flared entry for conductors. 

Conduit bushings constructed wholly of insulating ma¬ 
terial shall not be used to secure a fitting or raceway. The 
insulating fitting or insulating material shall have a tem¬ 
perature rating not less than the insulation temperature rat¬ 
ing of the installed conductors. 

(H) Structural Joints. A listed expansion/deflection fitting 
or other approved means shall be used where a raceway 
crosses a structural joint intended for expansion, contrac¬ 
tion or deflection, used in buildings, bridges, parking ga¬ 
rages, or other structures. 

300.5 Underground Installations. 

(A) Minimum Cover Requirements. Direct-buried cable 
or conduit or other raceways shall be installed to meet the 
minimum cover requirements of Table 300.5. 

(B) Wet Locations. The interior of enclosures or raceways 
installed underground shall be considered to be a wet loca¬ 
tion. Insulated conductors and cables installed in these en¬ 
closures or raceways in underground installations shall 
comply with 310.10(C). Any connections or splices in an 
underground installation shall be approved for wet loca¬ 
tions. [ROP 3-40] 
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Table 300.5 Minimum Cover Requirements, 0 to 1000 Volts, Nominal, Burial in Millimeters (Inches) [ROP 3-36] 


Type of Wiring Method or Circuit 


Location of Wiring Method 
or Circuit 

Column 1 
Direct Burial 
Cables or 
Conductors 

Column 2 
Rigid Metal 
Conduit or 
Intermediate 
Metal Conduit 

Column 3 
Nonmetallic 
Raceways Listed 
for Direct Burial 
Without 
Concrete 
Encasement or 
Other Approved 
Raceways 

Column 4 
Residential 
Branch Circuits 
Rated 120 Volts or 
Less with GFCI 
Protection and 
Maximum 
Overcurrent 
Protection of 20 
Amperes 

Column 5 
Circuits for 
Control of 
Irrigation and 
Landscape 
Lighting Limited 
to Not More Than 
30 Volts and 
Installed with 
Type UF or in 
Other Identified 
Cable or Raceway 

mm in. 

mm in. 

mm in. 

mm in. 

mm in. 

All locations not specified 
below 

600 24 

150 6 

00 

X 

$ ~ 

300 12 

150 6 

In trench below 50 mm (2 in.) 
thick concrete or equivalent 

450 18 

150 6 


150 6 

150 6 

Under a building 

0 0 
(in raceway or 
Type MC or Type 
MI cable 
identified for 
direct burial) 

o { 

N 

<: 

w 

0 0 
(in raceway or 
Type MC or Type 
MI cable identified 
for direct burial) ) 

0 0 
(in raceway or 
Type MC or Type 
MI cable identified 
for direct burial) ) 

Under minimum of 102 mm 
(4 in.) thick concrete exterior 
slab with no vehicular traffic 
and the slab extending not 
less than 152 mm (6 in.) 
beyond the underground 
installation 


. 100% 4 

[J 

100 4 

150 6 

(direct burial) 

100 4 

(in raceway) 

150 6 

(direct burial) 

100 4 

(in raceway) 

Under streets, highways, roaiK 
alleys, driveways, and 
parking lots 

24 

k j 

^ 600 24 

600 24 

600 24 

600 24 

One- and two-family dwelling 
driveways and outdoor 
parking areas, and used only 
for dwelling-related purposes 

450 18 

450 18 

450 18 

300 12 

450 18 

In or under airport runways, 
including adjacent areas 
where trespassing prohibited 

450 18 

450 18 

450 18 

450 18 

450 18 


Notes: 

1. Cover is defined as the shortest distance in millimeters (inches) measured between a point on the top surface of any direct-buried conductor, 
cable, conduit, or other raceway and the top surface of finished grade, concrete, or similar cover. 

2. Raceways approved for burial only where concrete encased shall require concrete envelope not less than 50 mm (2 in.) thick. 

3. Lesser depths shall be permitted where cables and conductors rise for terminations or splices or where access is otherwise required. 

4. Where one of the wiring method types listed in Columns 1 through 3 is used for one of the circuit types in Columns 4 and 5, the shallowest depth 
of burial shall be permitted. 

5. Where solid rock prevents compliance with the cover depths specified in this table, the wiring shall be installed in metal or nonmetallic raceway 
permitted for direct burial. The raceways shall be covered by a minimum of 50 mm (2 in.) of concrete extending down to rock. 
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(C) Underground Cables and Conductors Under Build¬ 
ings. Underground cable and conductors installed under a 
building shall be in a raceway. [ROP 3-41] 

Exception No. 1: Type MI Cable shall be permitted under 
a building without installation in a raceway where embed¬ 
ded in concrete, fill, or other masonry in accordance with 
332.10(6) or in underground runs where suitably protected 
against physical damage and corrosive conditions in accor¬ 
dance with 332.10(10). 

Exception No. 2: Type MC Cable listed for direct burial or 
concrete encasement shall be permitted under a building 
without installation in a raceway in accordance with 
330.10(A)(5) and in wet locations in accordance with 
330.10(A)(11). 

(D) Protection from Damage. Direct-buried conductors 
and cables shall be protected from damage in accordance 
with 300.5(D)(1) through (D)(4). 

(1) Emerging from Grade. Direct-buried conductors and 
cables emerging from grade and specified in columns 1 and 
4 of Table 300.5 shall be protected by enclosures or race¬ 
ways extending from the minimum cover distance below 
grade required by 300.5(A) to a point at least 2.5 m (8 ft) 
above finished grade. In no case shall the protection be 
required to exceed 450 mm (18 in.) below finished grade. 

(2) Conductors Entering Buildings. Conductors entering 
a building shall be protected to the point of entrance. 

(3) Service Conductors. Underground service conductors 
that are not encased in concrete and that are buried 450 mm 
(18 in.) or more below grade shall have their location iden¬ 
tified by a warning ribbon that is placed in the trench at 
least 300 mm (12 in.) above the underground installation. 

(4) Enclosure or Raceway Damage. Where the enclosure 
or raceway is subject to physical damage, tne conductors 
shall be installed in rigid metal conduit, intermediate metal 
conduit, RTRC-XW, Schedule 80 PVC conduit, or equiva¬ 
lent. [ROP 3-97] 

(E) Splices and Taps. Direct-buried conductors or cables 
shall be permitted to be spliced or tapped without the use of 
splice boxes. The splices or taps shall be made in accor¬ 
dance with 110.14(B). 

(F) Backfill. Backfill that contains large rocks, paving ma¬ 
terials, cinders, large or sharply angular substances, or cor¬ 
rosive material shall not be placed in an excavation where 
materials may damage raceways, cables, or other substruc¬ 
tures or prevent adequate compaction of fill or contribute to 
corrosion of raceways, cables, or other substructures. 

Where necessary to prevent physical damage to the 
raceway or cable, protection shall be provided in the form 


of granular or selected material, suitable running boards, 
suitable sleeves, or other approved means. 

(G) Raceway Seals. Conduits or raceways through which 
moisture may contact live parts shall be sealed or plugged 
at either or both ends. 

Informational Note: Presence of hazardous gases or va¬ 
pors may also necessitate sealing of underground conduits 
or raceways entering buildings. 

(H) Bushing. A bushing, or terminal fitting, with an inte¬ 

gral bushed opening shall be used at the end of a conduit or 
other raceway that terminates underground where the con¬ 
ductors or cables emerge as a direct burial wiring method. 
A seal incorporating the physical protection characteristics 
of a bushing shall be permitted to be used in lieu of a 
bushing. / , 

(I) Conductors of the Same Circuit. All conductors of 
the same circuit and, where used, the grounded conductor 
and all equipment grounding conductors shall be installed 
in t^Tsame raceway or cable or shall be installed in close 
proximity in the same trench. 

Exception No. 1: Conductors shall be permitted to be in- 
smlh^-in parallel in raceways, multiconductor cables, or 
direct-buried single conductor cables. Each raceway or 
^mlticonductor cable shall contain all conductors of the 
Same circuit, including equipment grounding conductors. 
Each direct-buried single conductor cable shall be located 
in close proximity in the trench to the other single conduc¬ 
tor cables in the same parallel set of conductors in the 
circuit, including equipment grounding conductors. 

Exception No. 2: Isolated phase, polarity, grounded con¬ 
ductor, and equipment grounding and bonding conductor 
installations shall be permitted in nonmetallic raceways or 
cables with a nonmetallic covering or nonmagnetic sheath 
in close proximity where conductors are paralleled as per¬ 
mitted in 310.10(H), and where the conditions of 300.20(B) 
are met. 

(J) Earth Movement. Where direct-buried conductors, 
raceways, or cables are subject to movement by settlement 
or frost, direct-buried conductors, raceways, or cables shall 
be arranged so as to prevent damage to the enclosed con¬ 
ductors or to equipment connected to the raceways. 

Informational Note: This section recognizes “S” loops in 
underground direct burial to raceway transitions, expansion 
fittings in raceway risers to fixed equipment, and, generally, 
the provision of flexible connections to equipment subject 
to settlement or frost heaves. 

(K) Directional Boring. Cables or raceways installed us¬ 
ing directional boring equipment shall be approved for the 
purpose. 


70-148 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 300 — GENERAL REQUIREMENTS FOR WIRING METHODS AND MATERIALS [ROP 3-8] 


300.7 


300.6 Protection Against Corrosion and Deterioration. 

Raceways, cable trays, cablebus, auxiliary gutters, cable 
armor, boxes, cable sheathing, cabinets, elbows, couplings, 
fittings, supports, and support hardware shall be of materi¬ 
als suitable for the environment in which they are to be 
installed. 


tings, supports, and support hardware shall be made of ma¬ 
terial approved for the condition and shall comply with 
(C)(1) and (C)(2) as applicable to the specific installation. 

(1) Exposed to Sunlight. Where exposed to sunlight, the 
materials shall be listed as sunlight resistant or shall be 
identified as sunlight resistant. 


(A) Ferrous Metal Equipment. Ferrous metal raceways, 
cable trays, cablebus, auxiliary gutters, cable armor, boxes, 
cable sheathing, cabinets, metal elbows, couplings, nipples, 
fittings, supports, and support hardware shall be suitably 
protected against corrosion inside and outside (except 
threads at joints) by a coating of approved corrosion- 
resistant material. Where corrosion protection is necessary 
and the conduit is threaded in the field, the threads shall be 
coated with an approved electrically conductive, corrosion- 
resistant compound. 

Informational Note: Field-cut threads are those threads 
that are cut in conduit anywhere other than at the factory 
where the product is listed. [ROP 3-51] 

Exception: Stainless steel shall not be required to have 
protective coatings. 

(1) Protected from Corrosion Solely by Enamel 

protected from corrosion solely by enamel, ferrou: 
raceways, cable trays, cablebus, auxiliary gutters, cal 
mor, boxes, cable sheathing, cabinets, metal elbows 
plings, nipples, fittings, supports, and support hardw 1 
shall not be used outdoors or in wet locations as describe 
in 300.6(D). 

(2) Organic Coatings on Boxes or Cabinets. Where 
boxes or cabinets have an approved sy^em of organic coat¬ 
ings and are marked “Raintignt,” “RanroroofA or '‘Outdoor 
Type,” they shall be permitted outdoors^ 

(3) In Concrete or in Direct Contact with the Earth. 

Ferrous metal raceways, cable^ftnor, boxes, cable sheath¬ 
ing, cabinets, elbows, couplings, JUgples, fittings, supports, 
and support hardware shall be permitted to be installed in 
concrete or in direct contact with the earth, or in areas 
subject to severe corrosive influences where made of mate¬ 
rial approved for the condition, or where provided with 
corrosion protection approved for the condition. 

(B) Aluminum Metal Equipment. Aluminum raceways, 
cable trays, cablebus, auxiliary gutters, cable armor, boxes, 
cable sheathing, cabinets, elbows, couplings, nipples, fit¬ 
tings, supports, and support hardware embedded or encased 
in concrete or in direct contact with the earth shall be pro¬ 
vided with supplementary corrosion protection. 

(C) Nonmetallic Equipment. Nonmetallic raceways, 
cable trays, cablebus, auxiliary gutters, boxes, cables with a 
nonmetallic outer jacket and internal metal armor or jacket, 
cable sheathing, cabinets, elbows, couplings, nipples, fit¬ 



(2) Chemical Exposure. Where subject to exposure to 
chemical solvents, vapors, splashing, or immersion, mate¬ 
rials or coatings shall either be inherently resistant to 
chemicals based on their listing or be identified for the 
specific chemical reagent. 

(D) Indoor Wet Locations. In portions of dairy processing 
facilities, laundries, canneries, and other indoor wet loca¬ 
tions, and in locations where walls are frequently washed or 
where thereiltre surfaces of absorbent materials, such as 
damp paper or wood, the entire wiring system, where in- 
stalled 1 Cxpos^wkichiding all boxes, fittings, raceways, and 
cable used therewith, shall be mounted so that there is at 
ast a 6-mm (14-mftairspace between it and the wall or 
supporting surface. 

tion: Nonmetallic raceways, boxes, and fittings shall 
bifipermitted to be installed without the airspace on a con¬ 
crete, masonry, tile, or similar surface. 

rmational Note: In general, areas where acids and al¬ 
kali chemicals are handled and stored may present such 
corrosive conditions, particularly when wet or damp. Se¬ 
vere corrosive conditions may also be present in portions of 
meatpacking plants, tanneries, glue houses, and some 
stables; in installations immediately adjacent to a seashore 
and swimming pool areas; in areas where chemical deicers 
are used; and in storage cellars or rooms for hides, casings, 
fertilizer, salt, and bulk chemicals. 

300.7 Raceways Exposed to Different Temperatures. 

(A) Sealing. Where portions of a raceway or sleeve are 
known to be subjected to different temperatures, and where 
condensation is known to be a problem, as in cold storage 
areas of buildings or where passing from the interior to the 
exterior of a building, the raceway or sleeve shall be filled 
with an approved material to prevent the circulation of 
warm air to a colder section of the raceway or sleeve. An 
explosionproof seal shall not be required for this purpose. 

(B) Expansion Fittings. Raceways shall be provided with 
expansion fittings where necessary to compensate for ther¬ 
mal expansion and contraction. 

Informational Note: Table 352.44 and Table 355.44 pro¬ 
vide the expansion information for polyvinyl chloride 
(PVC) and for reinforced thermosetting resin conduit 
(RTRC), respectively. A nominal number for steel conduit 
can be determined by multiplying the expansion length in 
Table 352.44 by 0.20. The coefficient of expansion for steel 
electrical metallic tubing, intermediate metal conduit, and 
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rigid metal conduit is 1.170 x 10" 5 (0.0000117 mm per mm 
of conduit for each °C in temperature change) [0.650 x 10" 5 
(0.0000065 in. per inch of conduit for each °F in tempera¬ 
ture change)]. [ROP 3-58] 

A nominal number for aluminum conduit and alumi¬ 
num electrical metallic tubing can be determined by multi¬ 
plying the expansion length in Table 352.44 by 0.40. The 
coefficient of expansion for aluminum electrical metallic 
tubing and aluminum rigid metal conduit is 2.34 x 10 -5 
(0.0000234 mm per mm of conduit for each °C in tempera¬ 
ture change) [1.30 x 10 -5 (0.000013) in. per inch of conduit 
for each °F in temperature change]. 


bly, including the ceiling support wires. An independent 
means of secure support shall be provided and shall be 
permitted to be attached to the assembly. Where indepen¬ 
dent support wires are used, they shall be distinguishable 
by color, tagging, or other effective means from those that 
are part of the fire-rated design. 

Exception: The ceiling support system shall be permitted 
to support wiring and equipment that have been tested as 
part of the fire-rated assembly. 


300.8 Installation of Conductors with Other Systems. 

Raceways or cable trays containing electrical conductors 
shall not contain any pipe, tube, or equal for steam, water, 
air, gas, drainage, or any service other than electrical. 

300.9 Raceways in Wet Locations Abovegrade. Where 
raceways are installed in wet locations abovegrade, the in¬ 
terior of these raceways shall be considered to be a wet 
location. Insulated conductors and cables installed in race¬ 
ways in wet locations abovegrade shall comply with 
310.10(C). 

300.10 Electrical Continuity of Metal Raceways and 
Enclosures. Metal raceways, cable armor, and other meta 
enclosures for conductors shall be metallically joined to 
gether into a continuous electrical conductor and shall be 
connected to all boxes, fittings, and cabinets 
vide effective electrical continuity. Unless 
mitted elsewhere in this Code, raceways ai 
blies shall be mechanically secured to 
cabinets, and other enclosures. 

Exception No. 1: Short sections.Myracewtrys usee 
vide support or protection of cable assembliestffom physi¬ 
cal damage shall not be required to be made electrically 
continuous. 

Exception No. 2: Equipment enclosu^Bto^^ isolated, as 
permitted by 250.96(B), shall not be required to be metal¬ 
lically joined to the metal raceway. 

300.11 Securing and Supporting. 



Informational Note: One method of determining fire rating 
is testing in accordance with ANSI/ASTM El 19-201 la, 
Method for Fire Tests of Building Construction and Mate¬ 
rials. [ROP 3-64] 

(2) Non-Fire-Rated Assemblies. Wiring located within 
the cavity of a non-fire-rated floor-ceiling or roof-ceiling 
assembly shall not be secured to, or supported by, the ceil¬ 
ing assembl^including the ceiling support wires. An inde¬ 
pendent meafts of secure support shall be provided and 
shall bg^fermitted to be attached to the assembly. Where 
port wires are used, they shall be distin- 
or, tagging, or other effective means. 

The ceiling support system shall be permitted 
anch-circuit wiring and associated equipment 
nstdlled > in accordance with the ceiling system 
r 7 instructions. 


Raceways Used as Means of Support. Raceways 
be used only as a means of support for other race- 
s, cables, or nonelectrical equipment under any of the 

fallowing conditions: 

(1) Where the raceway or means of support is identified as 
a means of support [ROP 3-65] 

(2) Where the raceway contains power supply conductors 
for electrically controlled equipment and is used to sup¬ 
port Class 2 circuit conductors or cables that are solely 
for the purpose of connection to the equipment control 
circuits 

(3) Where the raceway is used to support boxes or conduit 
bodies in accordance with 314.23 or to support lumi¬ 
naires in accordance with 410.36(E) 



(A) Secured in Place. Raceways, cable assemblies, boxes, 
cabinets, and fittings shall be securely fastened in place. 
Support wires that do not provide secure support shall not 
be permitted as the sole support. Support wires and associ¬ 
ated fittings that provide secure support and that are in¬ 
stalled in addition to the ceiling grid support wires shall be 
permitted as the sole support. Where independent support 
wires are used, they shall be secured at both ends. Cables 
and raceways shall not be supported by ceiling grids. 

(1) Fire-Rated Assemblies. Wiring located within the cav¬ 
ity of a fire-rated floor-ceiling or roof-ceiling assembly 
shall not be secured to, or supported by, the ceiling assem¬ 


(C) Cables Not Used as Means of Support. Cable wiring 
methods shall not be used as a means of support for other 
cables, raceways, or nonelectrical equipment. 

300.12 Mechanical Continuity — Raceways and 
Cables. Metal or nonmetallic raceways, cable armors, and 
cable sheaths shall be continuous between cabinets, boxes, 
fittings, or other enclosures or outlets. 

Exception No. 1: Short sections of raceways used to pro¬ 
vide support or protection of cable assemblies from physi¬ 
cal damage shall not be required to be mechanically 
continuous. 
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Exception No. 2: Raceways and cables installed into the 
bottom of open bottom equipment, such as switchboards, 
motor control centers, and floor or pad-mounted transform¬ 
ers, shall not be required to be mechanically secured to the 
equipment. 


(C) Protection. A box or conduit body shall not be re¬ 
quired where cables enter or exit from conduit or tubing 
that is used to provide cable support or protection against 
physical damage. A fitting shall be provided on the end(s) 
of the conduit or tubing to protect the cable from abrasion. 


300.13 Mechanical and Electrical Continuity — Con¬ 
ductors. 

(A) General. Conductors in raceways shall be continuous 
between outlets, boxes, devices, and so forth. There shall be 
no splice or tap within a raceway unless permitted by 
300.15; 368.56(A); 376.56; 378.56; 384.56; 386.56; 
388.56; or 390.7. 

(B) Device Removal. In multiwire branch circuits, the 
continuity of a grounded conductor shall not depend on 
device connections such as lampholders, receptacles, and 
so forth, where the removal of such devices would interrupt 
the continuity. 

300.14 Length of Free Conductors at Outlets, Junc¬ 
tions, and Switch Points. At least 150 mm (6 in.) of free 
conductor, measured from the point in the box where it 
emerges from its raceway or cable sheath, shall be left at 
each outlet, junction, and switch point for splices or the 
connection of luminaires or devices. Where the opening to 
an outlet, junction, or switch point is less than 200. nun 
(8 in.) in any dimension, each conductor Ahull be 
enough to extend at least 75 mm (3 in.Loutside the op* 
ing. 

Exception: Conductors that are not^Bj^edpr 
at the outlet, junction, or switchpoint snail not be required 
to comply with 300.14. 




300.15 Boxes, Conduit Bodies, or Fittings — Where Re¬ 
quired. A box shall be installed at each outlet and switch 
point for concealed knob-ani 

Fittings and connectors shall be used only with the spe¬ 
cific wiring methods for which thej^Sre designed and listed. 

Where the wiring method is conduit, tubing. Type AC 
cable, Type MC cable, Type MI cable, nonmetallic- 
sheathed cable, or other cables, a box or conduit body shall 
be installed at each conductor splice point, outlet point, 
switch point, junction point, termination point, or pull 
point, unless otherwise permitted in 300.15(A) through (L). 

(A) Wiring Methods with Interior Access. A box or con¬ 
duit body shall not be required for each splice, junction, 
switch, pull, termination, or outlet points in wiring methods 
with removable covers, such as wireways, multioutlet as¬ 
semblies, auxiliary gutters, and surface raceways. The cov¬ 
ers shall be accessible after installation. 

(B) Equipment. An integral junction box or wiring com¬ 
partment as part of approved equipment shall be permitted 
in lieu of a box. 


(D) Type MI Cable. A box or conduit body shall not be 
required where accessible fittings are used for straight- 
through splices in mineral-insulated metal-sheathed cable. 

(E) Integral Enclosure. A wiring device with integral en¬ 
closure identified for the use, having brackets that securely 
fasten the device to walls or ceilings of conventional on¬ 
site frame construction, for use with nonmetallic-sheathed 
cable, shall be permitted in lieu of a box or conduit body. 

Informationa^Note: See 334.30(C); 545.10; 550.15(1); 
SSlATtE^jplception No. 1; and 552.48(E), Exception No. 

1 . 

(F) Fitting. A1 itting identified for the use shall be permit¬ 
ted in lieu of a oox or conduit body where conductors are 

5t spliced or terminated within the fitting. The fitting shall 
be accessible after installation. 

irect-Buried Conductors. As permitted in 300.5(E), 
a box or conduit body shall not be required for splices and 
taps in direct-buried conductors and cables. 

sulated Devices. As permitted in 334.40(B), a box 
or conduit body shall not be required for insulated devices 
supplied by nonmetallic-sheathed cable. 

(I) Enclosures. A box or conduit body shall not be re¬ 
quired where a splice, switch, terminal, or pull point is in a 
cabinet or cutout box, in an enclosure for a switch or over¬ 
current device as permitted in 312.8, in a motor controller 
as permitted in 430.10(A), or in a motor control center. 

(J) Luminaires. A box or conduit body shall not be re¬ 
quired where a luminaire is used as a raceway as permitted 
in 410.64. 

(K) Embedded. A box or conduit body shall not be re¬ 
quired for splices where conductors are embedded as per¬ 
mitted in 424.40, 424.41(D), 426.22(B), 426.24(A), and 
427.19(A). 

(L) Manholes and Handhole Enclosures. A box or con¬ 
duit body shall not be required for conductors in manholes 
or handhole enclosures, except where connecting to electri¬ 
cal equipment. The installation shall comply with the pro¬ 
visions of Part V of Article 110 for manholes, and 314.30 
for handhole enclosures. 

300.16 Raceway or Cable to Open or Concealed Wir¬ 
ing. 

(A) Box, Conduit Body, or Fitting. A box, conduit body, 
or terminal fitting having a separately bushed hole for each 
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conductor shall be used wherever a change is made from 
conduit, electrical metallic tubing, electrical nonmetallic 
tubing, nonmetallic-sheathed cable. Type AC cable. Type 
MC cable, or mineral-insulated, metal-sheathed cable and 
surface raceway wiring to open wiring or to concealed 
knob-and-tube wiring. A fitting used for this purpose shall 
contain no taps or splices and shall not be used at luminaire 
outlets. A conduit body used for this purpose shall contain 
no taps or splices, unless it complies with 314.16(C)(2). 

(B) Bushing. A bushing shall be permitted in lieu of a box 
or terminal where the conductors emerge from a raceway 
and enter or terminate at equipment, such as open switch¬ 
boards, unenclosed control equipment, or similar equip¬ 
ment. The bushing shall be of the insulating type for other 
than lead-sheathed conductors. 

300.17 Number and Size of Conductors in Raceway. 

The number and size of conductors in any raceway shall 
not be more than will permit dissipation of the heat and 
ready installation or withdrawal of the conductors without 
damage to the conductors or to their insulation. 

Informational Note: See the following sections of this 
Code : intermediate metal conduit, 342.22; rigid metal con¬ 
duit, 344.22; flexible metal conduit, 348.22; liquidtight 
flexible metal conduit, 350.22; PVC conduit, 352.22; 

HDPE conduit, 353.22; RTRC, 355.22; liquidtight no_ 

tallic flexible conduit, 356.22; electrical metallic tubing, 
358.22; flexible metallic tubing, 360.22; electrical nonme¬ 
tallic tubing, 362.22; cellular concrete floor raceways 
372.11; cellular metal floor raceways, 374.5 ;mietal wire- 
ways, 376.22; nonmetallic wireways, 378(22; surface metal 
raceways, 386.22; surface nonmetallic raceways, ^^^2; 
underfloor raceways, 390.6; fixlur^wvire, 4ul^^thean 
520.6; signs, 600.31(C); elevatoK, 620.33; audio signa 
processing, amplification, and reteoduction equipment, 
640.23(A) and 640.24; Class 1, Class £ and Class 3 cir¬ 
cuits, Article 725; fire alarm circuits, Articde 7(Brand opti¬ 
cal fiber cables and raceways, Article 770. 


300.18 Raceway Installations. 

(A) Complete Runs. Raceways, other than busways or ex¬ 
posed raceways having hinged or removable covers, shall 
be installed complete between outlet, junction, or splicing 
points prior to the installation of conductors. Where re¬ 
quired to facilitate the installation of utilization equipment, 
the raceway shall be permitted to be initially installed with¬ 
out a terminating connection at the equipment. Prewired 
raceway assemblies shall be permitted only where specifi¬ 
cally permitted in this Code for the applicable wiring 
method. 

Exception: Short sections of raceways used to contain 
conductors or cable assemblies for protection from physi¬ 
cal damage shall nojJye required to be installed complete 
between outlet, junction, or splicing points. 

(B) Welding. Metal raceways shall not be supported, ter¬ 
minated, m Connected by welding to the raceway unless 
specifically designed to be or otherwise specifically permit¬ 
ted to be in this Code. 

300.19 Supporting Conductors in Vertical Raceways. 

itervals — Maximum. Conductors in ver- 
shall be supported if the vertical rise exceeds 
Table 300.19(A). One cable support shall be 
Fovided at the top of the vertical raceway or as close to the 
as practical. Intermediate supports shall be provided as 
Eessary to limit supported conductor lengths to not 
greater than those values specified in Table 300.19(A). 

Exception: Steel wire armor cable shall be supported at 
the top of the riser with a cable support that clamps the 
steel wire armor. A safety device shall be permitted at the 
lower end of the riser to hold the cable in the event there is 
slippage of the cable in the wire-armored cable support. 
Additional wedge-type supports shall be permitted to re- 


Table 300.19(A) Spacings for Conductor Supports 


Conductors 


Conductor Size 

Support of 
Conductors in 

Aluminum or 
Copper-Clad 

Aluminum 

Copper 

Raceways 

m 

ft 

m 

ft 

18 AWG through 8 AWG 

Not greater than 

30 

100 

30 

100 

6 AWG through 1/0 AWG 

Not greater than 

60 

200 

30 

100 

2/0 AWG through 4/0 AWG 

Not greater than 

55 

180 

25 

80 

Over 4/0 AWG through 350 kemil 

Not greater than 

41 

135 

18 

60 

Over 350 kemil through 500 kemil 

Not greater than 

36 

120 

15 

50 

Over 500 kemil through 750 kemil 

Not greater than 

28 

95 

12 

40 

Over 750 kemil 

Not greater than 

26 

85 

11 

35 
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//eve the strain on the equipment terminals caused by ex¬ 
pansion of the cable under load. 


all the conductors in the circuit through an insulating wall 
sufficiently large for all of the conductors of the circuit. 


(B) Fire-Rated Cables and Conductors. Support meth¬ 
ods and spacing intervals for fire-rated cables and conduc¬ 
tors shall comply with any restrictions provided in the list¬ 
ing of the electrical circuit protective system used and in no 
case shall exceed the values in Table 300.19(A). 


Exception: In the case of circuits supplying vacuum or 
electric-discharge lighting systems or signs or X-ray appa¬ 
ratus, the currents carried by the conductors are so small 
that the inductive heating effect can be ignored where these 
conductors are placed in metal enclosures or pass through 
metal. 


(C) Support Methods. One of the following methods of 
support shall be used: 

(1) By clamping devices constructed of or employing insu¬ 
lating wedges inserted in the ends of the raceways. 
Where clamping of insulation does not adequately sup¬ 
port the cable, the conductor also shall be clamped. 


Informational Note: Because aluminum is not a magnetic 
metal, there will be no heating due to hysteresis; however, 
induced currents will be present. They will not be of suffi¬ 
cient magnitude to require grouping of conductors or spe¬ 
cial treatment in passing conductors through aluminum 
wall sections. 


(2) By inserting boxes at the required intervals in which 
insulating supports are installed and secured in a satis¬ 
factory manner to withstand the weight of the conduc¬ 
tors attached thereto, the boxes being provided with 
covers. 

(3) In junction boxes, by deflecting the cables not less than 
90 degrees and carrying them horizontally to a distance 
not less than twice the diameter of the cable, the cables 
being carried on two or more insulating support^ and 
additionally secured thereto by tie wires if 
Where this method is used, cables shall be supported at 
intervals not greater than 20 percent of thos_e mentioned 
in the preceding tabulation. 

(4) By a method of equal effectivene 




300.20 Induced Currents in Ferroui 
or Ferrous Metal Raceways, — 

(A) Conductors Grouped Togethe rfl^'hendudors 
carrying alternating current are installed in ferrous metal 
enclosures or ferrous metal raceways,. they shall be ar¬ 
ranged so as to avoid heating the surrounding ferrous metal 
by induction. To accomplish this; all phase conductors and, 
where used, the grounded conduoor and all equipment 
grounding conductors shall be grouped together. 

Exception No. 1: Equipment grounding conductors for 
certain existing installations shall be permitted to be in¬ 
stalled separate from their associated circuit conductors 
where run in accordance with the provisions of250.130(C). 


300.21 Spread of Fire or Products of Combustion. Elec¬ 
trical ins^ffltions in hollow spaces, vertical shafts, and 
ventilation or air-handling ducts shall be made so that the 
possible spread of fire or products of combustion will not 

bstantially increased. Openings around electrical pen- 
rations into or through fire-resistant-rated walls, parti¬ 
tions, Hoc is, or ceilings shall be firestopped using approved 
us to maintain the fire resistance rating. 

mational Note: Directories of electrical construction 
matafals published by qualified testing laboratories contain 
mylisting installation restrictions necessary to maintain 
fire-resistive rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire- 
resistance-rated wall assembly. An example is the 600-mm 
(24-in.) minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. As¬ 
sistance in complying with 300.21 can be found in building 
codes, fire resistance directories, and product listings. 

300.22 Wiring in Ducts Not Used for Air Handling, 
Fabricated Ducts for Environmental Air, and Other 
Spaces for Environmental Air (Plenums). The provisions 
of this section shall apply to the installation and uses of 
electrical wiring and equipment in ducts used for dust, 
loose stock, or vapor removal; ducts specifically fabricated 
for environmental air; and other spaces used for environ¬ 
mental air (plenums). 

Informational Note: See Article 424, Part VI, for duct 
heaters. 


Exception No. 2: A single conductor shall be permitted to 
be installed in a ferromagnetic enclosure and used for skin- 
effect heating in accordance with the provisions of 426.42 
and 427.47. 

(B) Individual Conductors. Where a single conductor 
carrying alternating current passes through metal with mag¬ 
netic properties, the inductive effect shall be minimized by 
(1) cutting slots in the metal between the individual holes 
through which the individual conductors pass or (2) passing 


(A) Ducts for Dust, Loose Stock, or Vapor Removal. No 

wiring systems of any type shall be installed in ducts used 
to transport dust, loose stock, or flammable vapors. No 
wiring system of any type shall be installed in any duct, or 
shaft containing only such ducts, used for vapor removal or 
for ventilation of commercial-type cooking equipment. 

(B) Ducts Specifically Fabricated for Environmental 
Air. Equipment, devices, and the wiring methods specified 
in this section shall be permitted within such ducts only if 
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necessary for the direct action upon, or sensing of, the 
contained air. Where equipment or devices are installed and 
illumination is necessary to facilitate maintenance and re¬ 
pair, enclosed gasketed-type luminaires shall be permitted. 

[ROP 3-81] 

Only wiring methods consisting of Type MI cable with¬ 
out an overall nonmetallic covering. Type MC cable em¬ 
ploying a smooth or corrugated impervious metal sheath 
without an overall nonmetallic covering, electrical metallic 
tubing, flexible metallic tubing, intermediate metal conduit, 
or rigid metal conduit without an overall nonmetallic cov¬ 
ering shall be installed in ducts specifically fabricated to 
transport environmental air. Flexible metal conduit shall be 
permitted, in lengths not to exceed 1.2 m (4 ft), to connect 
physically adjustable equipment and devices permitted to 
be in these fabricated ducts. The connectors used with flex¬ 
ible metal conduit shall effectively close any openings in 
the connection. [ROP 3-83] 

(C) Other Spaces Used for Environmental Air (Ple¬ 
nums). This section shall apply to spaces not specifically 
fabricated for environmental air-handling purposes but used 
for air-handling purposes as a plenum. This section shall 
not apply to habitable rooms or areas of buildings, the 
prime purpose of which is not air handling. 

Informational Note No. 1: The space over a hung ceiling 
used for environmental air-handling purposes is an example 
of the type of other space to which this section 

Informational Note No. 2: The phrase “Other 
for Environmental Air (Plenum)” as used 
correlates with the use of the term "plenum” 

2009, Standard for the Installation of Air-Corn 
Ventilating Systems , and other mechanifliifiedes 
plenum is used for return air pug 
other air-handling spaces. 

Exception: This section shall not apply to the joist or stud 
spaces of dwelling units where the VtjHing passes through 
such spaces perpendicular to the long dimension of such 
spaces. 

(1) Wiring Methods. The wiring methods for such other 
space shall be limited to totally enclosed, nonventilated, 
insulated busway having no provisions for plug-in connec¬ 
tions, Type MI cable without an overall nonmetallic cover¬ 
ing, Type MC cable without an overall nonmetallic cover¬ 
ing, Type AC cable, or other factory-assembled 
multiconductor control or power cable that is specifically 
listed for use within an air-handling space, or listed prefab¬ 
ricated cable assemblies of metallic manufactured wiring 
systems without nonmetallic sheath. Other types of cables, 
conductors, and raceways shall be permitted to be installed 
in electrical metallic tubing, flexible metallic tubing, inter¬ 
mediate metal conduit, rigid metal conduit without an over¬ 
all nonmetallic covering, flexible metal conduit, or, where 
accessible, surface metal raceway or metal wireway with 
metal covers. [ROP 3-84] 



Cable ties used to secure cables shall be listed as having 
adequate fire resistant and low smoke producing character¬ 
istics. [ROP 3-86] 

Informational Note: One method of defining adequate 
fire-resistant and low-smoke producing characteristics is in 
ANSI/UL 2043-2008, Fire Test for Heat and Visible Smoke 
Release for Discrete Products and Their Accessories In¬ 
stalled in Air-Handling Spaces. [ROP 3-86] 

(2) Cable Tray Systems. The provisions in (a) or (b) shall 
apply to the use of metallic cable tray systems in other 
spaces used for environmental air (plenums), where acces¬ 
sible, as follows: 

(a) Metal Cable Tray Systems. Metal cable tray sys¬ 
tems shall be permitted to support the wiring methods in 
300.22(C)(1). 

(b) Solid Sidefand Bottom Metal Cable Tray Systems. 
Solid side and bottoni metal cable tray systems with solid 
metal covers shall be permitted to enclose wiring methods 
and cables^ not already covered in 300.22(C)(1), in accor- 
dancllfcith 39^. 10(A) and'w)- 

nt. Electrical equipment with a metal enclo- 
ctrical equipment with a nonmetallic enclosure 
e ^ithin an air-handling space and having ad- 
ant and low-smoke-producing characteris- 
ciated wiring material suitable for the ambient 
perature shall be permitted to be installed in such other 
unless prohibited elsewhere in this Code. 

Informational Note: One method of defining adequate 
fire-resistant and low-smoke producing characteristics for 
electrical equipment with a nonmetallic enclosure is in 
ANSI/UL 2043-2008, Fire Test for Heat and Visible Smoke 
Release for Discrete Products and Their Accessories In¬ 
stalled in Air-Handling Spaces. 

Exception: Integral fan systems shall be permitted where 
specifically identified for use within an air-handling space. 

(D) Information Technology Equipment. Electrical wir¬ 
ing in air-handling areas beneath raised floors for informa¬ 
tion technology equipment shall be permitted in accordance 
with Article 645. 

300.23 Panels Designed to Allow Access. Cables, race¬ 
ways, and equipment installed behind panels designed to 
allow access, including suspended ceiling panels, shall be 
arranged and secured so as to allow the removal of panels 
and access to the equipment. 


II. Requirements for over 1000 Volts, Nominal 
[ROP 3-89] 

300.31 Covers Required. Suitable covers shall be in¬ 
stalled on all boxes, fittings, and similar enclosures to pre- 
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vent accidental contact with energized parts or physical 
damage to parts or insulation. 

300.32 Conductors of Different Systems. See 

300.3(C)(2). 

300.34 Conductor Bending Radius. The conductor shall 
not be bent to a radius less than 8 times the overall diameter 
for nonshielded conductors or 12 times the overall diameter 
for shielded or lead-covered conductors during or after in¬ 
stallation. For multiconductor or multiplexed single¬ 
conductor cables having individually shielded conductors, 
the minimum bending radius is 12 times the diameter of the 
individually shielded conductors or 7 times the overall di¬ 
ameter, whichever is greater. 

300.35 Protection Against Induction Heating. Metallic 
raceways and associated conductors shall be arranged so as 
to avoid heating of the raceway in accordance with the 
applicable provisions of 300.20. 

300.37 Aboveground Wiring Methods. Aboveground 
conductors shall be installed in rigid metal conduit, in in¬ 
termediate metal conduit, in electrical metallic tubing, in 
RTRC and PVC conduit, in cable trays, in auxiliary 
as busways, as cablebus, in other identified raceways' 
exposed runs of metal-clad cable suitable for the use^ 
purpose. In locations accessible to qualified persons o 
exposed runs of Type MV cables, bare conductors, and 
busbars shall also be permitted. Busbars / shall bgjsermittei 
to be either copper or aluminum. 

300.39 Braid-Covered Insulated Conductors — Ex¬ 
posed Installation. Exposed runs on braid-covered insu¬ 
lated conductors shall have x a flame-retardant braid. If the 
conductors used do not have this protection, a flame- 
retardant saturant shall be to the braid covering 

after installation. This treated braid covering shall be 
stripped back a safe distance at inductor terminals, ac¬ 
cording to the operating voltage. Where practicable, this 
distance shall not be less than 25 mm (1 in.) for each 
kilovolt of the conductor-to-ground voltage of the circuit. 



metal sheath and where protection against moisture or 
physical damage is necessary, the insulation of the conduc¬ 
tors shall be protected by a cable sheath terminating device. 

300.50 Underground Installations. 

(A) General. Underground conductors shall be identified 
for the voltage and conditions under which they are in¬ 
stalled. Direct-burial cables shall comply with the provi¬ 
sions of 310.10(F). Underground cables shall be installed in 
accordance with 300.50(A)(1), (A)(2), or (A)(3) and the 
installation shall meet the depth requirements of Table 
300.50. [ROP 3-96] 

(1) Shielded Cables and Nonshielded Cables in Metal- 
Sheathed Cable Assemblies. Underground cables, includ¬ 
ing nonsh^flred, Type MC and moisture-impervious metal 
sheath cables, shall have those sheaths grounded through an 
effective grounding path meeting the requirements of 
250.4(A)(5) or (B)0). They shall be direct buried or in- 
in raceways identified for the use. 

ustrial Establishments. In industrial establish- 
where conditions of maintenance and supervision 
that only qualified persons service the installed 
shielded single-conductor cables with insulations 
p to 2000 volts that are listed for direct burial shall 
be permitted to be directly buried. [ROP 3-96] 

(3) Other Nonshielded Cables. Other nonshielded cables 
not covered in 300.50(A)(1) or (A)(2) shall be installed in 
rigid metal conduit, intermediate metal conduit, or rigid 
nonmetallic conduit encased in not less than 75 mm (3 in.) 
of concrete. [ROP 3-96] 

(B) Wet Locations. The interior of enclosures or raceways 
installed underground shall be considered to be a wet loca¬ 
tion. Insulated conductors and cables installed in these en¬ 
closures or raceways in underground installations shall be 
listed for use in wet locations and shall comply with 
310.10(C). Any connections or splices in an underground 
installation shall be approved for wet locations. 


300.40 Insulation Shielding. Metallic and semiconducting 
insulation shielding components of shielded cables shall be 
removed for a distance dependent on the circuit voltage and 
insulation. Stress reduction means shall be provided at all 
terminations of factory-applied shielding. 

Metallic shielding components such as tapes, wires, or 
braids, or combinations thereof, shall be connected to a 
grounding conductor, grounding busbar, or a grounding 
electrode. 

300.42 Moisture or Mechanical Protection for Metal- 
Sheathed Cables. Where cable conductors emerge from a 


(C) Protection from Damage. Conductors emerging from 
the ground shall be enclosed in listed raceways. Raceways 
installed on poles shall be of rigid metal conduit, interme¬ 
diate metal conduit, RTRC-XW, Schedule 80 PVC conduit, 
or equivalent, extending from the minimum cover depth 
specified in Table 300.50 to a point 2.5 m (8 ft) above 
finished grade. Conductors entering a building shall be pro¬ 
tected by an approved enclosure or raceway from the mini¬ 
mum cover depth to the point of entrance. Where direct- 
buried conductors, raceways, or cables are subject to 
movement by settlement or frost, they shall be installed to 
prevent damage to the enclosed conductors or to the equip- 
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Table 300.50 Minimum Cover 3 Requirements 



General Conditions (not otherwise specified) 

Special Conditions (use if applicable) 


Column 1 

Column 2 

Column 3 

Column 4 

Column 5 

Column 6 


Direct-Buried 

Cables' 1 

RTRC, PVC, 
and HDPE 
Conduit 1 * 

Rigid Metal 
Conduit and 
Intermediate 
Metal Conduit 

Raceways 
Under 
Buildings or 
Exterior 
Concrete 
Slabs, 100 mm 
(4 in.) 
Minimum 
Thickness' 

Cables in 
Airport 
Runways or 
Adjacent 
Areas Where 
Trespass Is 
Prohibited 

Areas Subject to 
Vehicular Traffic, 
Such as 

Thoroughfares and 
Commercial Parking 
Areas 

Circuit Voltage 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

Over 600 V 
through 22 kV 

750 

30 

450 

18 

150 

6 

100 

/ 

450 

18 

600 

24 

Over 22 kV 
through 40 kV 

900 

36 

600 

24 

150 

6 

y 

V 

4^ 

h450 

18 

600 

24 

Over 40 kV 

1000 

42 

750 

30 

150 


^100^ 

4 

450 

► 18 

600 

24 


General Notes: 

1. Lesser depths shall be permitted where cables and conductors rise for terminations or splices or where access is otherwise required. 

2. Where solid rock prevents compliance with the cover depths specified in.this table, the wiring shall be installed in a metal or nonmetallic raceway 



permitted for direct burial. The raceways shall be covered by a mini: 

3. In industrial establishments, where conditions of maintenance and 
minimum cover requirements, for other than rigid metal conduit and ii 
for each 50 mm (2 in.) of concrete or equivalent placed entirely ..within 
Specific Footnotes: 

a Cover is defined as the shortest distance in millimetjer^fmches) pleasured b 
conduit, or other raceway and the top surface of finished grade, concrete, or 
b Listed by a qualified testing agency as suitable for direct burial withoi 
of concrete or equivalent above conduit ' n t0 taple depth. 

0 The slab shall extend a minimum of 150 mm (6 in.)-beyond the underground installation, and a warning ribbon or other effective means suitable 
for the conditions shall be placed abojMne underground installation. 

d Underground direct-buried cables ^hat are not encased or protKted by concrete and are buried 750 mm (30 in.) or more below grade shall have 
their location identified by a warning'tibbqn that is placed in the trench at least 300 mm (12 in.) above the cables. 


mm (2 ml^^concrete extending down to rock. 

e that qualified persons will service the installation, the 
duit, shall be permitted to be reduced 150 mm (6 in.) 
over the underground installation. 

a point on the top surface of any direct-buried conductor, cable, 
ilar cover. 

ncasement. All other nonmetallic systems shall require 50 mm (2 in.) 


ment connected to the raceways. Metalli 
be grounded. 



osures shall 


(D) Splices. Direct burial cables shall be permitted to be 
spliced or tapped without the use of splice boxes, provided 
they are installed using materials suitable for the applica¬ 
tion. The taps and splices shall be watertight and protected 
from mechanical damage. Where cables are shielded, the 
shielding shall be continuous across the splice or tap. 

Exception: At splices of an engineered cabling system, 
metallic shields of direct-buried single-conductor cables 
with maintained spacing between phases shall be permitted 
to be interrupted and overlapped. Where shields are inter¬ 
rupted and overlapped, each shield section shall be 
grounded at one point. 

(E) Backfill. Backfill containing large rocks, paving mate¬ 
rials, cinders, large or sharply angular substances, or corro¬ 


sive materials shall not be placed in an excavation where 
materials can damage or contribute to the corrosion of race¬ 
ways, cables, or other substructures or where it may pre¬ 
vent adequate compaction of fill. 

Protection in the form of granular or selected material 
or suitable sleeves shall be provided to prevent physical 
damage to the raceway or cable. 

(F) Raceway Seal. Where a raceway enters from an under¬ 
ground system, the end within the building shall be sealed 
with an identified compound so as to prevent the entrance 
of moisture or gases, or it shall be so arranged to prevent 
moisture from contacting live parts. 
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ARTICLE 310 

Conductors for General Wiring 


I. General 

310.1 Scope. This article covers general requirements for 
conductors and their type designations, insulations, mark¬ 
ings, mechanical strengths, ampacity ratings, and uses. 
These requirements do not apply to conductors that form an 
integral part of equipment, such as motors, motor control¬ 
lers, and similar equipment, or to conductors specifically 
provided for elsewhere in this Code. 

Informational Note: For flexible cords and cables, see Ar¬ 
ticle 400. For fixture wires, see Article 402. 

310.2 Definitions. 

Electrical Ducts. Electrical conduits, or other raceways 
round in cross section, that are suitable for use underground 
or embedded in concrete. 

Thermal Resistivity. As used in this Code, the heat trans¬ 
fer capability through a substance by conduction. 

Informational Note: Thermal resistivity is the recipfl 
of thermal conductivity and is designated Rho, whicfl 
expressed in the units “C-cmAV. [ROP 6-5] 


II. Installation 

310.10 Uses Permitted. The conmu 
310.104 shall be permitted for use m 
methods covered in Chapter 3 ai 
respective tables or as permitted else 

[ROP 6-8] 

(A) Dry Locations. Insulated conduct* 
in dry locations shall be any of the t 
Code. 


; and cables used 
identified in this 


(B) Dry and Damp Locations. Insulated conductors and 
cables used in dry and damp locations shall be Types FEP, 
FEPB, MTW, PFA, RHH, RHW, RHW-2, SA, THHN, 
THW, THW-2, THHW, THWN, THWN-2, TW, XHH, 
XHHW, XHHW-2, Z, or ZW. 

(C) Wet Locations. Insulated conductors and cables used 
in wet locations shall comply with one of the following: 

(1) Be moisture-impervious metal-sheathed 

(2) Be types MTW, RHW, RHW-2, TW, THW, THW-2, 
THHW, THWN, THWN-2, XHHW, XHHW-2, ZW 

(3) Be of a type listed for use in wet locations 

(D) Locations Exposed to Direct Sunlight. Insulated con¬ 
ductors or cables used where exposed to direct rays of the 
sun shall comply with (D)(1) or (D)(2): 


(1) Conductors and cables shall be listed, or listed and 
marked, as being sunlight resistant 

(2) Conductors and cables shall be covered with insulating 
material, such as tape or sleeving, that is listed, or 
listed and marked, as being sunlight resistant 

(E) Shielding. Non-shielded, ozone-resistant insulated 
conductors with a maximum phase-to-phase voltage of 
5000 volts shall be permitted in Type MC cables in indus¬ 
trial establishments where the conditions of maintenance 
and supervision ensure that only qualified persons service 
the installation. For other establishments, solid dielectric 
insulated conductors operated above 2000 volts in perma¬ 
nent installations shall have ozone-resistant insulation and 
shall be shielded. All metallic insulation shields shall be 
connected to a grounding electrode conductor, a grounding 
busbar, an^quipment grounding conductor, or a grounding 
electron 




ormational Note: The primary purposes of shielding are 
6 confine the voltage stresses to the insulation, dissipate 
insulation leakage current, drain off the capacitive charging 
cuijmf, and carry ground-fault current to facilitate opera- 
of ground-fault protective devices in the event of an 
Metrical cable fault. 

Exc eption No. 1: Nonshielded insulated conductors listed 
ified testing laboratory shall be permitted for use 
'2400 volts under the following conditions: 

(a) Conductors shall have insulation resistant to elec¬ 
tric discharge and surface tracking, or the insulated con¬ 
ductors) shall be covered with a material resistant to 
ozone, electric discharge, and surface tracking. 

(b) Where used in wet locations, the insulated conduc¬ 
tors) shall have an overall nonmetallic jacket or a continu¬ 
ous metallic sheath, 

(c) Insulation and jacket thicknesses shall be in accor¬ 
dance with Table 310.104(D). 

Exception No. 2: Nonshielded insulated conductors listed 
by a qualified testing laboratory shall be permitted for use 
up to 5000 volts to replace existing nonshielded conduc¬ 
tors, on existing equipment in industrial establishments 
only, under the following conditions: 

(a) Where the condition of maintenance and supervi¬ 
sion ensures that only qualified personnel install and ser¬ 
vice the installation. 

(b) Conductors shall have insulation resistant to elec¬ 
tric discharge and surface tracking, or the insulated con¬ 
ductors) shall be covered with a material resistant to 
ozone, electric discharge, and surface tracking. 

(c) Where used in wet locations, the insulated conduc¬ 
tor) s) shall have an overall nonmetallic jacket or a continu¬ 
ous metallic sheath. 

(d) Insulation and jacket thicknesses shall be in accor¬ 
dance with Table 310.104(D). 
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Informational Note: Relocation or replacement of equip¬ 
ment may not comply with the term existing as related to 
this exception. 

Exception No. 3: Where permitted in 310.10(F), Exception 
No. 2. 

(F) Direct-Burial Conductors. Conductors used for 
direct-burial applications shall be of a type identified for 
such use. 

Cables rated above 2000 volts shall be shielded. 

Exception No. 1: Nonshielded multiconductor cables rated 
2001-2400 volts shall be permitted if the cable has an 
overall metallic sheath or armor. 

The metallic shield, sheath, or armor shall be connected 
to a grounding electrode conductor, grounding busbar, or a 
grounding electrode. 

Exception No. 2: Airfield lighting cable used in series cir¬ 
cuits that are rated up to 5000 volts and are powered by 
regulators shall be permitted to be nonshielded. 

Informational Note to Exception No. 2: Federal Aviation Ad¬ 
ministration (FAA) Advisory Circulars (ACs) provide addi¬ 
tional practices and methods for airport lighting. 

Informational Note No. 1: See 300.5 for installation re¬ 
quirements for conductors rated 1000 volts or less. [ROP 
6-14] 

Informational Note No. 2: See 300.50 for installation re¬ 
quirements for conductors rated over 1000 volts. 

6-14] 


or more of the parallel conductors become inadvertently 
disconnected. 

Exception No. 2: Under engineering supervision, 2 AWG 
and 1 AWG grounded neutral conductors shall be permitted 
to be installed in parallel for existing installations. 

Informational Note to Exception No. 2: Exception No. 2 can 
be used to alleviate overheating of neutral conductors in exist¬ 
ing installations due to high content of triplen harmonic 
currents. 

(2) Conductor and Installation Characteristics. The par¬ 
alleled conductors in each phase, polarity, neutral, 
grounded circuit conductor, equipment grounding conduc¬ 
tor, or equipment bonding jumper shall comply with all of 
the following: [ROP 6-15] 


Be the same len: 
Consist of thi 
Be the sa: 

Have ti 


(G) Corrosive Conditions. Conductors deposed to 
greases, vapors, gases, fumes, liquids, or other subst nces 
having a deleterious effect on the conductor or in§u ition 
shall be of a type suitable for the applicatic 

(H) Conductors in Parallel. 

(I) General. Aluminum, copper-clad aluminum, or copper 
conductors, for each phase, polarity, neutral, 'or grounded 
circuit shall be permitted to be connecteduTi parallel (elec¬ 
trically joined at both ends) only in sizes 1/0 AWG and 
larger where installed in accordance with 310.10(H)(2) 
through (H)(6). 

Exception No. 1: Conductors in sizes smaller than 1/0 
AWG shall be permitted to be run in parallel to supply 
control power to indicating instruments, contactors, relays, 
solenoids, and similar control devices, or for frequencies of 
360 Hz and higher, provided all of the following apply: 




e conductor material 
in circular mil area 
suiation type 

inated in tf^pame manner 

lleled in ferrous metal enclosures or race- 
ctors shall be grouped to prevent inductive 

ROP 6-15] 

Informational Note: Where conductors are paralleled in 
ous rrSfi|>enclosures or raceways, failure to group one 
inductor from each phase in each raceway or grouping 
thin'MS^iring method may result in overheating and cur- 
ent imbalance. [ROP 6-15] 


(3) Separate Cables or Raceways. Where run in separate 
les or raceways, the cables or raceways with conductors 

shall have the same number of conductors and shall have 
the same electrical characteristics. Conductors of one 
phase, polarity, neutral, grounded circuit conductor, or 
equipment bonding conductor shall not be required to have 
the same physical characteristics as those of another phase, 
polarity, neutral, grounded circuit conductor, or equipment 
grounding conductor. [ROP 6-13] 

(4) Ampacity Adjustment. Conductors installed in paral¬ 
lel shall comply with the provisions of 310.15(B)(3)(a). 

(5) Equipment Bonding Conductors. Where parallel 
equipment bonding conductors are used, they shall be sized 
in accordance with 250.122. Sectioned equipment bonding 
conductors smaller than 1/0 AWG shall be permitted in 
multiconductor cables provided the combined circular mil 
area of the sectioned equipment bonding conductors in each 
cable complies with 250.122. [ROP 6-13, ROP 6-16a] 


(a) They are contained within the same raceway or 
cable. 

(b) The ampacity of each individual conductor is suf¬ 
ficient to carry the entire load current shared by the paral¬ 
lel conductors. 

(c) The overcurrent protection is such that the ampac¬ 
ity of each individual conductor will not be exceeded if one 


(6) Bonding Jumpers. Where parallel equipment bonding 
jumpers or supply side bonding jumpers are installed in 
raceways, they shall be sized and installed in accordance 

with 250.102. [ROP 6-17] 

310.15 Ampacities for Conductors Rated 0-2000 Volts. 
(A) General. 
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(1) Tables or Engineering Supervision. Ampacities for 
conductors shall be permitted to be determined by tables as 
provided in 310.15(B) or under engineering supervision, as 
provided in 310.15(C). 

Informational Note No. 1: Ampacities provided by this 
section do not take voltage drop into consideration. See 
210.19(A), Informational Note No. 4, for branch circuits 
and 215.2(A), Informational Note No. 2, for feeders. 

Informational Note No. 2: For the allowable ampacities of 
Type MTW wire, see Table 13.5.1 in NFPA 79-2007, Elec¬ 
trical Standard for Industrial Machinery. 


(B) Tables. Ampacities for conductors rated 0 to 2000 
volts shall be as specified in the Allowable Ampacity Table 
310.15(B)(16) through Table 310.15(B)(19), and Ampacity 
Table 310.15(B)(20) and Table 310.15(B)(21) as modified 
by 310.15(B)(1) through (B)(7). 

The temperature correction and adjustment factors shall 
be permitted to be applied to the ampacity for the tempera¬ 
ture rating of the conductor, if the corrected and adjusted 
ampacity does not exceed the ampacity for the temperature 
rating of the termination in accordance with the provisions 
of 110.14(C). 


(2) Selection of Ampacity. Where more than one ampacity 
applies for a given circuit length, the lowest value shall be 
used. 

Exception: Where two different ampacities apply to adja¬ 
cent portions of a circuit, the higher ampacity shall be 
permitted to be used beyond the point of transition, a dis¬ 
tance equal to 3.0 m (10 ft) or 10 percent of the circuit 
length figured at the higher ampacity, whichever is less. 

Informational Note: See 110.14(C) for conductor tempera¬ 
ture limitations due to termination provisions. 


(3) Temperature Limitation of Conductors. No o 

tor shall be used in such a manner that its operating tem¬ 
perature exceeds that designated for the type of insulated 
conductor involved. In no case shall conductors be ass 
ated together in such a way, with respect to type of circu' 
the wiring method employed, or the number of conductors, 
that the limiting temperature of any conductor is e: 

Informational Note No. 1: The temperature rating of a 
conductor [see Table 310J^^A) and Table 310.104(C)] is 
the maximum temperature, m any location along its length, 
that the conductor can Avithstand over a prolonged time 
period without serious degradation. The allowable ampacity 
tables, the ampacity tables of Article 3 UJ and the ampacity 
tables of Informative Annex Bjthe ambient temperature 
correction factors in 310.15(B)(2^nnd the notes to the 
tables provide guidance for coordinating conductor sizes, 
types, allowable ampacities, ampacities, ambient tempera¬ 
tures, and number of associated conductors. The principal 
determinants of operating temperature are as follows: 

(1) Ambient temperature — ambient temperature may vary 
along the conductor length as well as from time to 
time. 

(2) Heat generated internally in the conductor as the result 
of load current flow, including fundamental and har¬ 
monic currents. 

(3) The rate at which generated heat dissipates into the 
ambient medium. Thermal insulation that covers or sur¬ 
rounds conductors affects the rate of heat dissipation. 

(4) Adjacent load-carrying conductors — adjacent conduc¬ 
tors have the dual effect of raising the ambient tempera¬ 
ture and impeding heat dissipation. 

Informational Note No. 2: Refer to 110.14(C) for the tem¬ 
perature limitation of terminations. 



Informational Note: Table 310.15(B)(16) through Table 
310.15(B)( 19) are application tables for use in determining 
conductor sizes on loads calculated in accordance with Ar¬ 
ticle 220. Allowable ampacities result from consideration of 
one or more of the following: 

(1) Temperature compatibility with connected equipment, 
specially the connection points, 
oordination with circuit and system overcurrent pro¬ 
tection. 

I [3) Compliance 'With the requirements of product listings 
ertificationslTSee 110.3(B). 

(preservation of the safety benefits of established indus¬ 
try practices and standardized procedures. 


eral. For explanation of type letters used in tables 
d for recognized sizes of conductors for the various con¬ 
dor insulations, see Table 310.104(A) and Table 
310.104(B). For installation requirements, see 310.1 
through 310.15(A)(3) and the various articles of this Code. 
For flexible cords, see Table 400.4, Table 400.5(A)(1), and 
Table 400.5(A)(2). 

(2) Ambient Temperature Correction Factors. Ampaci¬ 
ties for ambient temperatures other than those shown in the 
ampacity tables shall be corrected in accordance with Table 
310.15(B)(2)(a) or Table 310.15(B)(2)(b) , or shall be per¬ 
mitted to be calculated using the following equation: 


/' = / 


T e -T a 

T-T 


where: 

I' = ampacity corrected for ambient temperature 
I = ampacity shown in the tables 
T c = temperature rating of conductor (°C) 

T a ' = new ambient temperature (°C) 

T a = ambient temperature used in the table (°C) 

(3) Adjustment Factors. 

(a) More Than Three Current-Carrying Conductors in a 
Raceway or Cable. Where the number of current-carrying 
conductors in a raceway or cable exceeds three, or where 
single conductors or multiconductor cables are installed 
without maintaining spacing for a continuous length longer 
than 600 mm (24 in.) and are not installed in raceways, the 
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Table 310.15(B)(2)(a) Ambient Temperature Correction Factors Based on 30°C (86°F) 


For ambient temperatures other than 30°C (86°F), multiply the allowable ampacities specified in the ampacity tables by the appropriate 

correction factor shown below. 


Ambient Temperature 

(°C) 

Temperature Rating of Conductor 

Ambient Temperature 

(°F) 

60°C 

75°C 

90°C 

10 or less 

1.29 

1.20 

1.15 

50 or less 

11-15 

1.22 

1.15 

1.12 

51-59 

16-20 

1.15 

1.11 

1.08 

60-68 

21-25 

1.08 

1.05 

1.04 

69-77 

26-30 

1.00 

1.00 

1.00 

78-86 

31-35 

0.91 

0.94 

0.96 

87-95 

36^10 

0.82 

0.88 

0J1 

96-104 

41^15 

0.71 

0.82 

0,87\ 

105-113 

46-50 

0.58 

0.75 


114-122 

51-55 

0.41 

o.« A 

0.76 

, 123-131 

56-60 

— 

0.58 

S 01 ' 

132-140 

61-65 

— 

0.47 

0.65 

141-149 

66-70 

— 


0.58 

150-158 

71-75 

— 

V> 

0.50 

159-167 

76-80 

— //j 

% Y 

0.41 

168-176 

81-85 

— 

JL-X 

0.29 

177-185 


allowable ampacity of each conductor shall be reduced as 
shown in Table 310.15(B)(3)(a). current-carrying con¬ 
ductor of a paralleled set of conductors shall be Counted as 
a current-carrying conductor. 

Where conductors of different systems, a^provided in 
300.3, are installed in a common raceway or cable, the 
adjustment factors shown in Table 310.r5(B)(3)(a) shall 
apply only to the number of power and lighting conductors 
(Articles 210, 215, 220, and 230). 

Informational Note No. 1: See Annex B, Table 
B.310.15(B)(2)(H), for adjustment factors for more than 
three current-carrying conductors in a raceway or cable 
with load diversity. 

Informational Note No. 2: See 366.23(A) for adjustment 
factors for conductors in sheet metal auxiliary gutters and 
376.22(B) for adjustment factors for conductors in metal 
wireways. 

(1) Where conductors are installed in cable trays, the 
provisions of 392.80 shall apply. [ROP 6-47] 

(2) Adjustment factors shall not apply to conductors in 
raceways having a length not exceeding 600 mm (24 in.). 

[ROP 6-47] 


(3) Adjustment factors shall not apply to underground 
conductors entering or leaving an outdoor trench if those 
conductors have physical protection in the form of rigid 
metal conduit, intermediate metal conduit, rigid polyvinyl 
chloride conduit (PVC), or reinforced thermosetting resin 
conduit (RTRC) having a length not exceeding 3.05 m 
(10 ft), and if the number of conductors does not exceed 
four. [ROP 6-47] 

(4) Adjustment factors shall not apply to Type AC cable 
or to Type MC cable under the following conditions: [ROP 
6-47] 

a. The cables do not have an overall outer jacket. [ROP 
6-47] 

b. Each cable has not more than three current-carrying 
conductors. [ROP 6-47] 

c. The conductors are 12 AWG copper. [ROP 6-47] 

d. Not more than 20 current-carrying conductors are 
installed without maintaining spacing, are stacked, or are 
supported on“bridle rings.” [ROP 6-47] 

(5) An adjustment factor of 60 percent shall be applied 
to Type AC cable or Type MC cable under the following 
conditions: [ROP 6-47] 
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Table 310.15(B)(2)(b) Ambient Temperature Correction Factors Based on 40°C (104°F) 


For ambient temperatures other than 40°C (104°F), multiply the allowable ampacities specified in the ampacity tables by the appropriate 

correction factor shown below. 


Ambient 

Temperature 

(°C) 

Temperature Rating of Conductor 

Ambient 

Temperature 

(°F) 

60°C 

75°C 

90°C 

150°C 

200° C 

250°C 

10 or less 

1.58 

1.36 

1.26 

1.13 

1.09 

1.07 

50 or less 

11-15 

1.50 

1.31 

1.22 

1.11 

1.08 

1.06 

51-59 

16-20 

1.41 

1.25 

1.18 

1.09 

1.06 

1.05 

60-68 

21-25 

1.32 

1.2 

1.14 

1.07 

1.05 

1.04 

69-77 

26-30 

1.22 

1.13 

1.10 

1.04 

1.03 

1.02 

78-86 

31-35 

1.12 

1.07 

1.05 

1.02 

1.02 

1.01 

87-95 

36^40 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

96-104 

41—45 

0.87 

0.93 

0.95 

0.98 ^ 

^^0.98 

0.99 

105-113 

46-50 

0.71 

0.85 

0.89 

ojj^ 

K 

0.98 

114-122 

51-55 

0.50 

0.76 

0.84 


0.9?O\ 

0.96 

123-131 

56-60 

— 

0.65 

0.77 

^^0.90^^ 

0.94 

0.95 

132-140 

61-65 

— 

0.53 

0.71 

0.88 

0.92 

0.94 

141-149 

66-70 

— 

0.38 


^ 0.8l^^ 

0.90 

0.93 

150-158 

71-75 

— 

— 

ol^^ 

0.83 

0.88 

0.91 

159-167 

76-80 

— 

A ^ 

\ 0A \ 

0.80 

0.87 

0.90 

168-176 

81-90 

— 

/ 

y 

y 0.74 

0.83 

0.87 

177-194 

91-100 

— 



0.67 

0.79 

0.85 

195-212 

101-110 

— ^0 

y 


0.60 

0.75 

0.82 

213-230 

111-120 



^ - 

0.52 

0.71 

0.79 

231-248 

121-130 



— 

0.43 

0.66 

0.76 

249-266 

131-140 

— ^ 


— 

0.30 

0.61 

0.72 

267-284 

141-160 

— 

af — 

— 

— 

0.50 

0.65 

285-320 

161-180 

— 

— 

— 

— 

0.35 

0.58 

321-356 

181-200 

— 

— 

— 

— 

— 

0.49 

357-392 

201-225 

— 

— 

— 

— 

— 

0.35 

393^137 


a. The cables do not have an overall outer jacket. [ROP 
6-47] 

b. The number of current carrying conductors exceeds 

20. [ROP 6-47] 

c. The cables are stacked or bundled longer that 
600 mm (24 in) without spacing being maintained. [ROP 
6-47] 

(b) More Than One Conduit, Tube, or Raceway. Spac¬ 
ing between conduits, tubing, or raceways shall be main¬ 
tained. 


(c) Raceways and Cables Exposed to Sunlight on Roof¬ 
tops. Where raceways or cables are exposed to direct sun¬ 
light on or above rooftops, the adjustments shown in Table 
310.15(B)(3)(c) shall be added to the outdoor temperature 
to determine the applicable ambient temperature for appli¬ 
cation of the correction factors in Table 310.15(B)(2)(a) or 
Table 310.15(B)(2)(b). [ROP 6-31] 

Informational Note: One source for the ambient tempera¬ 
tures in various locations is the ASHRAE Handbook — 
Fundamentals. [ROP 6-45] 
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Table 310.15(B)(3)(a) Adjustment Factors for More Than 
Three Current-Carrying Conductors in a Raceway or Cable 


Number of 
Conductors 1 

Percent of Values in Table 
310.15(B)(16) through Table 
310.15(B)(19) as Adjusted for 
Ambient Temperature if 
Necessary 

4-6 

80 

7-9 

70 

10-20 

50 

21-30 

45 

31^10 

40 

41 and above 

35 


shall not be required to be counted when applying the pro¬ 
visions of 310.15(B)(3)(a). 

(b) In a 3-wire circuit consisting of two phase conduc¬ 
tors and the neutral conductor of a 4-wire, 3-phase, wye- 
connected system, a common conductor carries approxi¬ 
mately the same current as the line-to-neutral load currents 
of the other conductors and shall be counted when applying 
the provisions of 310.15(B)(3)(a). 

(c) On a 4-wire, 3-phase wye circuit where the major 
portion of the load consists of nonlinear loads, harmonic 
currents are present in the neutral conductor; the neutral 
conductor shall therefore be considered a current-carrying 
conductor. 


Number of conductors is the total number of conductors in the race¬ 
way or cable, including spare conductors. The count shall be adjusted 
in accordance with 310.15(B)(5) and (6), and shall not include con¬ 
ductors that are connected to electrical components but that cannot be 
simultaneously energized. [ROP 6-40] 

Table 310.15(B)(3)(c) Ambient Temperature Adjustment for 
Raceways or Cables Exposed to Sunlight on or Above 


Rooftops [ROP 6-29, ROP 6-31] 


Distance Above Roof to Bottom of 
Raceway or Cable 

Temperature Adder 

°C °F 


0-13 mm (Vi in.) 

Greater than 13 mm (Vi in.)-90 mm 
(3Vi in.) 


Greater than 300 mm (12 in.)-900 mm 
(36 in.) 


Informational Note to Table 310.15(B)(3)(c): T temperature 
adders in Table 310.15(B)(3)(c) a^^ased on he measured 
temperature rise above the local climatic ambjgj temperatures 
due to sunlight heating. [ROP 6-46] 



(6) Grounding or Bonding Conductor. A grounding or 
bonding conductor skill not be counted when applying the 
provisions of 310.15(B)(3)(a). 

(7) 120/240 Volt, Jingle-Phase Dwelling Services and 
Feeders. Fd^service and feeder conductors of 120/240- 
volt, single-phase, individual dwelling unit one-family, 
two-family, and multifamily service ratings from 100 am¬ 
peres througl^BO amperes, an adjustment factor of 0.83 of 
the service: ampere rating shall be permitted to be used to 
determine the size of the ungrounded conductors. The 

ounded conductor shall be permitted to be smaller than 
ungrounded conductors, provided that the requirements 
ouso:m.li0.61, and 230.42 are met. [ROP 6-49a] 

Informational Note No. 1: The conductor ampacity may 
require other correction or adjustment factors applicable to 
he conductor installation. [ROP 6-49a] 

Informational Note No. 2: See example DXXX in Annex 

D. [ROP 6-49a] 

(C) Engineering Supervision. Under engineering supervi¬ 
sion, conductor ampacities shall be permitted to be calcu¬ 
lated by means of the following general equation: 


/ = 


T-T 


KJ' + Y C )R C 


- xlO 3 amperes 


(4) Bare or Covered Conductors. Where bare or covered 
conductors are installed with insulated conductors, the tem¬ 
perature rating of the bare or covered conductor shall be 
equal to the lowest temperature rating of the insulated con¬ 
ductors for the purpose of determining ampacity. 

(5) Neutral Conductor. 

(a) A neutral conductor that carries only the unbal¬ 
anced current from other conductors of the same circuit 


where: 

T c = conductor temperature in degrees Celsius (°C) 
T a = ambient temperature in degrees Celsius (°C) 
R dc = dc resistance of conductor at temperature T c 
Y c = component ac resistance resulting from skin 
effect and proximity effect 

R ca = effective thermal resistance between conductor 
and surrounding ambient 
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310.15 


Table 310.15(B)(16) (formerly Table 310.16) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 
Volts, 60°C Through 90°C (140°F Through 194°F), Not More Than Three Current-Carrying Conductors in Raceway, Cable, or 
Earth (Directly Buried), Based on Ambient Temperature of 30°C (86°F)* 


Size AWG or 
kcmil 


Temperature Rating of Conductor [See Table 310.104(A).] 


60°C (140°F) 


Types TW, UF 


75°C (167°F) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE, ZW 


90°C (194°F) 


Types TBS, SA, 
SIS, FEP, 
FEPB, MI, 
RHH, RHW-2, 
THHN, THHW, 
THW-2, 
THWN-2, 
USE-2, XHH, 
XHHW, 

XHHW-2, ZW-2 


COPPER 


60°C 

(140°F) 


Types TW, 
UF 


75°C (167°F) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


90°C (194°F) 


Types TBS, SA, 
SIS. THHN, 
THHW, THW-2, 
THWN-2, RHH, 
RHW-2, USE-2, 
XHH, XHHW, 
XHHW-2, ZW-2 


ALUMINUM OR COPPER-CLAD 


18** 

16** 

14** 

12** 

10** 

8 

15 

20 

30 

40 

20 

25 

35 

50 

14 

18 

25 

30 

40 

55 


* 40 

^ 35 

45 

22** 

10** 

8 

6 

4 

3 

2 

1 

55 

70 

85 

95 

110 

65 

85 

100 

115 

130 

75 

95 

5» 

65 N 
75 

r 50 

65 

W 5 

▼ 100 

55 

75 

85 

100 

115 

6 

4 

3 

2 

1 

1/0 

125 

150 

- 170 

^!S 

120 

135 

1/0 

2/0 

145 

175 ^ 

1^^195 

115 

135 

150 

2/0 

3/0 

165 

200 

f3225 

. 130 

155 

175 

3/0 

4/0 

195 


260 1 

L 150 

180 

205 

4/0 

250 

215 


A 290 

f 

170 

205 

230 

250 

300 

240 

285 

Y 320^ 

195 

230 

260 

300 

350 

260 

^■310 ^ 

350 

210 

250 

280 

350 

400 

280 A 

^335 N 

^ 380 

225 

270 

305 

400 

500 

320 

380k 

^^.430 

260 

310 

350 

500 

600 

350 

420 ^ 

475 

285 

340 

385 

600 

700 

385 ^ 

460 ■ 

520 

315 

375 

425 

700 

750 

400 

^ 475 M 

535 

320 

385 

435 

750 

800 

410 

490y 

555 

330 

395 

445 

800 

900 

435 

^520 

585 

355 

425 

480 

900 



^F 






1000 

455 

545 

615 

375 

445 

500 

1000 

1250 

495 

590 

665 

405 

485 

545 

1250 

1500 

525 

625 

705 

435 

520 

585 

1500 

1750 

545 

650 

735 

455 

545 

615 

1750 

2000 

555 

665 

750 

470 

560 

630 

2000 


Size AWG or kcmil 


*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F). 

**Refer to 240.4(D) for conductor overcurrent protection limitations. 
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310.15 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.15(B)(17) (formerly Table 310.17) Allowable Ampacities of Single-Insulated Conductors Rated Up to and Including 
2000 Volts in Free Air, Based on Ambient Temperature of 30°C (86°F)* 


Size AWG or 
kcmil 

Temperature Rating of Conductor [See Table 310.104(A).] 

Size AWG or 
kcmil 

60°C (140°F) 

75°C (167°F) 

90°C (194°F) 

60°C (140°F) 

75°C (167°F) 

90°C (194°F) 

Types TW, UF 

Types RHW, 
THHW, THW, 
THWN, 
XHHW, ZW 

Types TBS, SA, SIS, 
FEP, FEPB, MI, RHH, 
RHW-2, THHN, THHW, 
THW-2, THWN-2, 
USE-2, XHH, XHHW, 
XHHW-2, ZW-2 

Types TW, UF 

Types RHW, 
THHW, THW, 
THWN, 
XHHW 

Types TBS, SA, SIS, 
THHN, THHW, 
THW-2, THWN-2, 
RHH, RHW-2, USE-2, 
XHH, XHHW, 
XHHW-2, ZW-2 

COPPER 

ALUMINUM OR COPPER-CLAD ALUMINUM 

18 

16 

14* ** 

12** 

io** 

8 

25 

30 

40 

60 

30 

35 

50 

70 

18 

24 

35 

40 

55 

80 

25 

35 

45 

30 

A 

35 

45 

60 

J9** 

10** 

8 

6 

80 

95 

105 

60 

Ak 

85 

6 

4 

105 

125 

140 

80 

f look 

115 

4 

3 

120 

145 

165 

95 A 

▼ 115^^ 

130 

3 

2 

140 

170 

190 

no A 

► 135 ^ 

k 150 

2 

1 

165 

195 

220 

130 

155 

^ 175 

1 







▼ 


1/0 

195 

230 

260 

150 


205 

1/0 

2/0 

225 

265 

300 

I7 -m, a 

r 210 

235 

2/0 

3/0 

260 

310 

350 

200 ^ 

r 240 

270 

3/0 

4/0 

300 

360 

405 

235 

280 

315 

4/0 

250 

340 

405 

455 


315 

355 

250 

300 

375 

445 

500 

290 ^ 

7 350 

395 

300 

350 

420 

505 

570 

330 

fc- 395 

445 

350 

400 

455 

545 

6JUL. 


425 

480 

400 

500 

515 

620 

A 700 k 

lr^OS 

485 

545 

500 

600 

575 

690 

780 M 

V 

545 

615 

600 

700 

630 

755 

850^^^^ 

500 

595 

670 

700 

750 

655 

785 


^■515 

620 

700 

750 

800 

680 

815 

^ 920 

535 

645 

725 

800 

900 

730 

870 ^ 

980 

580 

700 

790 

900 

1000 

780 


Ik 10^ 

625 

750 

845 

1000 

1250 

890 

Jj065 

^kl200 ▼ 

710 

855 

965 

1250 

1500 

980 

1175 

1 1325 

795 

950 

1070 

1500 

1750 

1070 

1280 k 

(445 

875 

1050 

1185 

1750 

2000 

1155 

1385^k 

Jl560 

960 

1150 

1295 

2000 


*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 30°C (86°F). 

**Refer to 240.4(D) for conductor overcurrent protection limitations. 
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310.15 


Table 310.15(B)(18) (formerly Table 310.18) Allowable Ampacities of Insulated Conductors Rated Up to and Including 2000 
Volts, 150°C Through 250°C (302°F Through 482°F). Not More Than Three Current-Carrying Conductors in Raceway or 
Cable, Based on Ambient Air Temperature of 40°C (104°F)* 



Temperature Rating of Conductor [See Table 310.104(A).] 



150°C (302°F) 

200°C (392°F) 

250°C (482°F) 

150°C (302°F) 




Types FEP, FEPB, 





Type Z 

PFA, SA 

Types PFAH, TFE 

Type Z 





NICKEL OR 

ALUMINUM OR 





NICKEL-COATED 

COPPER-CLAD 


Size AWG or kcmil 

COPPER 

COPPER 

ALUMINUM 

Size AWG or kcmil 

14 

34 

36 

39 


14 

12 

43 

45 

54 

30 

12 

10 

55 

60 

73 

44 

10 

8 

76 

83 

93 

57 

8 

6 

96 

110 

117 ▲ 

75 

6 

4 

120 

125 

148 

94 

4 

3 

143 

152 

166 M 

109 

3 

2 

1 

160 

186 

171 

197 


124 

145 

2 

1 

1/0 

215 

229 

^#244 

^ 169 

1/0 

2/0 

251 

260 

273 

198 

2/0 

3/0 

288 

297 


▼ 227 

3/0 

4/0 

332 

346 ^ 

L # 

260 

4/0 


*Refer to 310.15(B)(2) for the ampacity correction factors where the ambii 



perature is other than 40°C (104°F). 


Table 310.15(B)(19) (formerly Table 310.19) Allowable Ampacities of Single-Insulated Conductors, Rated Up to and Including 
2000 Volts, 150°C Through 2^r C (302°F Through 482°F), in Free Air, Based on Ambient Air Temperature of 40°C (104°F)* 


Size AWG or kcmil 

Temperature Rating of Conductor [See Table 310.104(A).] 

Size AWG or kcmil 

150°C (302°F) 

20ft#'(392°F) 

250°C (482°F) 

150°C (302°F) 

Type Z 

^^pes FEP, 
FEPB, PFA, SA 

Types PFAH, TFE 

Type Z 

COPPER 

NICKEL, OR 

NICKEL-COATED COPPER 

ALUMINUM OR 
COPPER-CLAD 
ALUMINUM 

14 

46 

54 

59 


14 

12 

60 

68 

78 

47 

12 

10 

80 

90 

107 

63 

10 

8 

106 

124 

142 

83 

8 

6 

155 

165 

205 

112 

6 

4 

190 

220 

278 

148 

4 

3 

214 

252 

327 

170 

3 

2 

255 

293 

381 

198 

2 

1 

293 

344 

440 

228 

1 

1/0 

339 

399 

532 

263 

1/0 

2/0 

390 

467 

591 

305 

2/0 

3/0 

451 

546 

708 

351 

3/0 

4/0 

529 

629 

830 

411 

4/0 


*Refer to 310.15(B)(2) for the ampacity correction factors where the ambient temperature is other than 40°C (104°F). 
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310.60 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.15(B)(20) (formerly Table 310.20) Ampacities of Not More Than Three Single Insulated Conductors, Rated Up to and 
Including 2000 Volts, Supported on a Messenger, Based on Ambient Air Temperature of 40°C (104°F)* 



Temperature Rating of Conductor [See Table 310.104(A).] 



75°C (167°F) 

90°C (194°F) 

75°C (167°F) 

90°C (194°F) 




Types MI, THHN, 
THHW, THW-2, 
THWN-2, RHH, 


Types THHN, THHW, 



Types RHW, THHW, 

RHW-2, USE-2, 

Types RHW, THW, 

RHH, XHHW, RHW-2, 



THW, THWN, 

XHHW, XHHW-2, 

THWN, THHW, 

XHHW-2, THW-2, 



XHHW, ZW 

ZW-2 

XHHW 

THWN-2, USE-2, ZW-2 


Size AWG or kcmil 

COPPER 

ALUMINUM OR COPPER-CLAD ALUMINUM 

Size AWG or kemil 

8 

57 

66 

44 

51 

8 

6 

76 

89 

59 

69 

6 

4 

101 

117 

78 

91 

4 

3 

118 

138 

92 

107 

3 

2 

135 

158 

106 

> IS 

2 

1 

158 

185 

123 

1 

1/0 

183 

214 

143 A 

C 

1/0 

2/0 

212 

247 

165 ^ 

193 

2/0 

3/0 

245 

287 

192 A ' 

224 

3/0 

4/0 

287 

335 

224 ^ 

^^62 

4/0 

250 

320 

374 

jf . 


250 

300 

359 

419 

4 282 A 

328 

300 

350 

397 

464 

312 W 

364 

350 

400 

430 

503 

339 

395 

400 

500 

496 

580 

39^^: 

458 

500 

600 

553 

647 


514 

600 

700 

610 

714 

^^488 “ 

570 

700 

750 

638 

747 

m 512 ► 

598 

750 

800 

660 

77^ 

m.^^ 32 ^ 

622 

800 

900 

1000 

704 

748 


572 

612 

669 

716 

900 

1000 


*Refer to 310.15(B)(2) for the ampacity correction factors 


lient temperature is other than 40°C (104°F). 


310.60 Conductors Rated 2001 
6-5, ROP 6-67a] 


(OP 


(A) Ampacities of Conductors Rated 200L|1[> 35,000 
Volts. Ampacities for solid dielectric-insulated conductors 
shall be permitted to be determined by tables or under en¬ 
gineering supervision, as provided in 31 (Lo0( B) and (D). 

(1) Selection of Ampacity. Where more than one calcu¬ 
lated or tabulated ampacity could apply for a given circuit 
length, the lowest value shall be used. 


peratures other than those specified in the ampacity tables 
shall be corrected in accordance with 310.60(B)(4). 

Informational Note No. 1: For ampacities calculated in 
accordance with 310.60(A), reference IEEE 835-1994 (IP- 
CEA Pub. No. P-46-426), Standard Power Cable Ampacity 
Tables, and the references therein for availability of all fac¬ 
tors and constants. 

Informational Note No. 2: Ampacities provided by this 
section do not take voltage drop into consideration. See 
210.19(A), Informational Note No. 4, for branch circuits 
and 215.2(A), Informational Note No. 2, for feeders. 


Exception: Where two different ampacities apply to adja¬ 
cent portions of a circuit, the higher ampacity shall be 
permitted to be used beyond the point of transition, a dis¬ 
tance equal to 3.0 m (10 ft) or 10 percent of the circuit 
length calculated at the higher ampacity, whichever is less. 

Informational Note: See 110.40 for conductor temperature 
limitations due to termination provisions. 


(1) Grounded Shields. Ampacities shown are for shields 
grounded at multiple points except that ampacities in Table 
310.60(C)(69), Table 310.60(C)(70), Table 310.60(C)(81), 
and Table 310.60(C)(82) are for cable with shields 
grounded at one point only. Where shields for those cables 
are grounded at more than one point, ampacities shall be 
adjusted to take into consideration the heating due to shield 
currents. [ROP 6-68] 


(B) Tables. Ampacities for conductors rated 2001 to 
35,000 volts shall be as specified in Table 310.60(C)(67) 
through Table 310.60(C)(86). Ampacities for ambient tem- 


(2) Burial Depth of Underground Circuits. Where the 
burial depth of direct burial or electrical duct bank circuits 
is modified from the values shown in a figure or table, 
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310.60 


Table 310.15(B)(21) (formerly Table 310.21) Ampacities of Bare or Covered Conductors in Free Air, Based on 40°C (104°F) 
Ambient, 80°C (176°F) Total Conductor Temperature, 610 mm/sec (2 ft/sec) Wind Velocity 


Copper Conductors 



AAC Aluminum Conductors 



Bare 


Covered 


Bare 

Covered 

AWG or 


AWG or 

AWG or 


AWG or 


kcmil 

Amperes 

kcmil 

Amperes 

kcmil 

Amperes 

kcmil 

Amperes 

8 

98 

8 

103 

8 

76 

8 

80 

6 

124 

6 

130 

6 

96 

6 

101 

4 

155 

4 

163 

4 

121 

4 

127 

2 

209 

2 

219 

2 

163 

2 

171 

1/0 

282 

1/0 

297 

1/0 

220 

1/0 

231 

2/0 

329 

2/0 

344 

2/0 

255 

2/0 

268 

3/0 

382 

3/0 

401 

3/0 

297 

3/0 

312 

4/0 

444 

4/0 

466 

4/0 

* 346 

4/0 

364 

250 

494 

250 

519 

266.8 

403 

266.8 

423 

300 

556 

300 

584 

336.4 

468 

336.4 

492 

500 

773 

500 

812 

397 . 5 ^ 

522 

397.5 

548 

750 

1000 

750 

1050 

477.0 

^^588 

477.0 

617 

1000 

1193 

1000 

1253 

556.5 

^ 650 

556.5 

682 

— 

— 

— 

- A 

636.0 


636.0 

744 

— 

— 

— 


795.0 * 

8 i ^ 

795.0 

860 

— 

— 

— 


954.0 

920 

— 

— 

— 

— 

— 



968 

1033.5 

1017 

— 

— 

— 

— ^ 

1272 

1103 

1272 

1201 




-^^^ 20 ^ 

1267 

1454 

1590 

2000 

1381 

1527 


ampacities shall be permitted to be modifiei 
(C)(2)(a) and (C)(2)(b). 

(a) Where burial depths are increased n 
electrical duct run, no decrease in ampacity 
tors is needed, provided the 
run increased in depth is k 
run length. 

(b) Where burial di 
specific underground am pal 
derating factor of 6 percent 
depth for all values of rho shall 




an shown in a 
re, an ampacity 
ft) increase in 
knitted. 


where: 

/' = ampacity corrected for ambient temperature 
I = ampacity shown in the table for T c and T a 
T c = temperature rating of conductor (°C) 

T a ' = new ambient temperature (°C) 

T a = ambient temperature used in the table (°C) 

(C) Engineering Supervision. Under engineering supervi¬ 
sion, conductor ampacities shall be permitted to be calcu¬ 
lated by using the following general equation: 


No rating change is needed where the burial depth is 
decreased. 

(3) Electrical Ducts in Figure 310.60. At locations where 
electrical ducts enter equipment enclosures from under 
ground, spacing between such ducts, as shown in Figure 
310.60, shall be permitted to be reduced without requiring 
the ampacity of conductors therein to be reduced. 

(4) Ambient Temperature Correction. Ampacities for 
ambient temperatures other than those specified in the am¬ 
pacity tables shall be corrected in accordance with Table 
310.60(C)(4) or shall be permitted to be calculated using 
the following equation: [ROP 6-68a] 


It —(t + at.) , 

I = } a —-—— x 10 amperes 

M' + nR, 


where: 
T = 

x C 

T a = 
A T d = 

Rdc = 
Y„ = 


I’ = I. 


T c ~T a 

\T C -T a 


conductor temperature (°C) 
ambient temperature (°C) 
dielectric loss temperature rise 
dc resistance of conductor at temperature T c 
component ac resistance resulting from skin 
effect and proximity effect 

R ca = effective thermal resistance between conductor 
and surrounding ambient 

Informational Note: The dielectric loss temperature rise 
(A T d ) is negligible for single circuit extruded dielectric 
cables rated below 46 kV. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-167 


















310.60 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 




Detail 1 

290 mm x 290 mm 
(11.5 in.x 11.5 in.) 
Electrical duct bank 
One electrical duct 



190 mm (7.5 in.) 


Detail 2 

475 mm x 475 mm 
(19 in. x 19 in.) 
Electrical duct bank 
Three electrical ducts 
or 




Detail 3 

475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 
or 


190 mm 190 mm 
(7.5 in.) (7.5 in.) 

675 mm x 290 mm 
(27 in. x 11.5 in.) 
Electrical duct bank 
Three electrical ducts 


Si 

190 mm 190 mm 
(7.5 in.) (7.5 in.) 


675 mm x 475 m 
(27 in.x 19 ii 
Electrical 
Six electric 


600 mm 


Detail 5 

Buried 3 

conductor 

cable 


(24 in.) 


Detail 6 

Buried 3 

conductor 

cables 


A 

Detail 7 

Buried triplexed 
cables (1 circuit) 


190 mm 190 mm 
(7.5 in.) (7.5 in.) 


190 mm, 
(7.5 i 


Detail 9 

Buried single-conductor 
cables (1 circuit) 


Note: Minimum burial depths to top electrical ducts or i ables shall be 
in accordance with 300.50. Maximum depth to tl j top of electrical 
duct banks shall be 750 mm (30 in.) and maxirru m depth to the top 
of direct buried cables shall be 900 mm (36 In.). 




Detail 10 

^ried single-conductor 
es (2 circuits) 


Legend 


Backfill (earth or concrete) 
Electrical duct 
Cable or cables 


Figure 310.60 Cable Installation Dimensions for Use with Table 310.60(C)(77) Through Table 
310.60(0(86). 


70-168 


NATIONAL ELECTRICAL CODE 


2014 Edition 





























ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.60 


Table 310.60(C)(4) Ambient Temperature Correction Factors 

For ambient temperatures other than 40 oo C (104°F), multiply the 
allowable ampacities specified in the ampacity tables by the 
appropriate factor shown below. 


Ambient 

Temperature 

(°C) 

Temperature Rating of Conductor 

90°C 

105°C 

10 or less 

1.26 

1.21 

11-15 

1.22 

1.18 

16-20 

1.18 

1.14 

21-25 

1.14 

1.11 

26-30 

1.10 

1.07 

31-35 

1.05 

1.04 

36-40 

1.00 

1.00 

41-45 

0.95 

0.96 

46-50 

0.89 

0.92 

51-55 

0.84 

0.88 

56-60 

0.77 

0.83 

61-65 

0.71 

0.78 

66-70 

0.63 

0.73 

71-75 

0.55 

0.68 ^ 

76-80 

0.45 

0.62^^ 

81-85 

0.32 

C a 

86-90 

— 


91-95 

- J 


96-100 

-< 

0 .2^^ 


Ambient 

Temperature 

(°F) 


186-194 


204-212 


Table 310.60(0(67) Ampacities of Insulated Single Copper 
Conductor Cables Triplexed in Air Based on Conductor 
Temperatures of 90°C (194°F) and 105°C (221°F) and 
Ambient Air Temperature of 40°C (104°F)* 



Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 

5001-35,000 Volts 


Ampacity 

Ampacity 

Conductor 


105°C 


105°C 

Size 

90°C 

(221°F) 

90°C 

(221°F) 

(AWG 

(194°F) 

Type 

(194°F) 

Type 

or kcmil) 

Type MV-90 

MV-105 

Type MV-90 

MV-105 

8 

65 

74 



6 

90 

99 

100 

110 

4 

120 

130 

130 

140 

2 

160 

175 

170 

195 

1 

^185 

205 

195 

225 

1/0 jsA 

T 

240 

225 

255 

2/0 P 

ik 250 

275 

260 

295 

3/0 

^^90 

320 

300 

340 

A® 

^ 335 

375 

345 

390 


000 


375 k 

415 

380 

430 

465 ▼ 

515 

470 

525 

580 

645 

580 

650 

750 

835 

730 

820 

880 

980 

850 

950 


).60(C)(4) for the ampacity correction factors where the 
■ temperature is other than 40°C (104°F). 

Table 310.60(0(68) Ampacities of Insulated Single 
Aluminum Conductor Cables Triplexed in Air Based on 
Conductor Temperatures of 90°C (194°F) and 105°C (221°F) 
and Ambient Air Temperature of 40°C (104°F)* 

Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 
Ampacity 


5001-35,000 Volts 
Ampacity 


Conductor 
Size 
(AWG 
or kcmil) 

90°C 
(194°F) 
Type MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C 
(194°F) 
Type MV-90 

105°C 

(221°F) 

Type 

MV-105 

8 

50 

57 



6 

70 

77 

75 

84 

4 

90 

100 

100 

110 

2 

125 

135 

130 

150 

1 

145 

160 

150 

175 

1/0 

170 

185 

175 

200 

2/0 

195 

215 

200 

230 

3/0 

225 

250 

230 

265 

4/0 

265 

290 

270 

305 

250 

295 

325 

300 

335 

350 

365 

405 

370 

415 

500 

460 

510 

460 

515 

750 

600 

665 

590 

660 

1000 

715 

800 

700 

780 


* Refer to 310.60(C)(4) for the ampacity correction factors where the 
ambient air temperature is other than 40°C (104°F). 
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310.60 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.60(0(69) Ampacities of Insulated Single Copper 
Conductor Isolated in Air Based on Conductor Temperatures 
of 90°C (194°F) and 105°C (221°F) and Ambient Air 
Temperature of 40°C (104°F)* 



Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 

5001- 

-15,000 

15,001- 

-35,000 


Ampacity 

Volts Ampacity 

Volts Ampacity 

Conductor 

90°C 

105°C 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

Type 

Type 

or kemil) 

MV-90 

MV-105 

MV-90 

MV-105 

MV-90 

MV-105 

8 

83 

93 





6 

110 

120 

110 

125 

— 

— 

4 

145 

160 

150 

165 

— 

— 

2 

190 

215 

195 

215 

— 

— 

1 

225 

250 

225 

250 

225 

250 

1/0 

260 

290 

260 

290 

260 

290 

2/0 

300 

330 

300 

335 

300 

330 

3/0 

345 

385 

345 

385 

345 

380 

4/0 

400 

445 

400 

445 

395 

445 

250 

445 

495 

445 

495 

440 

490 

350 

550 

615 

550 

610 

545 

605 

500 

695 

775 

685 

765 

680 

755 

750 

900 

1000 

885 

990 

870 

970 


1000 

1075 

1200 

1060 

1185 

1040 

1160 

1250 

1230 

1370 

1210 

1350 

1185 

1320 

1500 

1365 

1525 

1345 

1500 

1315 

1465 

1750 

1495 

1665 

1470 

1640 

1430 

1595 

2000 

1605 

1790 

1575 

1755 

1535 

1710 


•Refer to 310.60(C)(4) for the ampacity correction factors where |he 
ambient air temperature is other than 40°C (104°F) 



Table 310.60(C)(70) Ampacities of Insulated Single 
Aluminum Conductor Isolated in Air Based on Conductor 
Temperatures of 90°C (194°F) and 105°C (221°F) and 
Ambient Air Temperature of 40°C (104°F)* 


Temperature Rating of Conductor [See Table 





310.104(C).] 




2001-5000 Volts 

5001- 

-15,000 

15,001- 

-35,000 


Ampacity 

Volts Ampacity 

Volts Ampacity 

Conductor 

90°C 

105°C 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

Type 

Type 

or kemil) 

MV-90 

MV-105 

MV-90 

MV-105 

MV-90 

MV-105 

8 

64 

71 





6 

85 

95 

87 

97 

— 

— 

4 

115 

125 

115 

130 

— 

— 

2 

150 

165 

195 

150 

170 

— 

— 

1 

175 

175 

195 

175 

195 



10 1320 1475 1295 1445 1265 1410 


•Refer to 310.60(C)(4) for the ampacity correction factors where the 
^■bient air temperature is other than 40°C (104°F). 

Table 310.60(C)(71) Ampacities of an Insulated 
Three-Conductor Copper Cable Isolated in Air Based on 
Conductor Temperatures of 90°C (194°F) and 105°C (221°F) 
and Ambient Air Temperature of 40°C (104°F)* 


Temperature Rating of Conductor [See Table 
310.104(C).] 


Conductor 
Size 
(AWG 
or kemil) 

2001-5000 Volts 
Ampacity 

5001-35,000 Volts 
Ampacity 

90°C 
(194°F) 
Type MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C (194°F) 
Type MV-90 

105°C 

(221°F) 

Type 

MV-105 

8 

59 

66 



6 

79 

88 

93 

105 

4 

105 

115 

120 

135 

2 

140 

154 

165 

185 

1 

160 

180 

185 

210 

1/0 

185 

205 

215 

240 

2/0 

215 

240 

245 

275 

3/0 

250 

280 

285 

315 

4/0 

285 

320 

325 

360 

250 

320 

355 

360 

400 

350 

395 

440 

435 

490 

500 

485 

545 

535 

600 

750 

615 

685 

670 

745 

1000 

705 

790 

770 

860 


•Refer to 310.60(C)(4) for the ampacity correction factors where the 
ambient air temperature is other than 40°C (104°F). 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.60 


Table 310.60(C)(72) Ampacities of an Insulated 
Three-Conductor Aluminum Cable Isolated in Air Based on 
Conductor Temperatures of 90°C (194°F) and 105°C (221°F) 
and Ambient Air Temperature of 40°C (104°F)* 

Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts Ampacity 


5001-35,000 Volts 
Ampacity 


Conductor 
Size 
(AWG 
or kcmil) 

90°C 
(194°F) 
Type MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C 
(194°F) 
Type MV-90 

105°C 
(221°F) 
Type 
MV-105 

8 

46 

51 



6 

61 

68 

72 

80 

4 

81 

90 

95 

105 

2 

110 

120 

125 

145 

1 

125 

140 

145 

165 

1/0 

145 

160 

170 

185 

2/0 

170 

185 

190 

215 

3/0 

195 

215 

220 

245 

4/0 

225 

250 

255 

285 

250 

250 

280 

280 

315 

350 

310 

345 

345 

385 

500 

385 

430 

425 

475 

750 

495 

550 

540 

600 

1000 

585 

650 

635 



*Refer to 310.60(C)(4) for the ampacity correction factors whl 
ambient air temperature is other than 40°C (104°F). 


Table 310.60(C)(73) Ampacities of an Insulated Triplexed 
Three Single-Conductor Copper Cables in Isolated Conduit" 
in Air Based on Conductor Temperatures of 90°C (1 94°F) 
and 105°C (221°F) and Ambient Air Temperature of 40°C 
(104°F)* 


Temperaturi 



ing of Conduct 


:e Table 



2001- 

-5000 Volts 

5001- 

35,000 Volts 


Ampacity \ 

J Ampacity 

Conductor 

90°C 

y9o°c 


Size 

(194°F) 

105°C 


105°C 

(AWG 

Type 

(221°F) Type 

Type 

(221°F) Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 

8 

55 

61 



6 

75 

84 

83 

93 

4 

97 

110 

110 

120 

2 

130 

145 

150 

165 

1 

155 

175 

170 

190 

1/0 

180 

200 

195 

215 

2/0 

205 

225 

225 

255 

3/0 

240 

270 

260 

290 

4/0 

280 

305 

295 

330 

250 

315 

355 

330 

365 

350 

385 

430 

395 

440 

500 

475 

530 

480 

535 

750 

600 

665 

585 

655 

1000 

690 

770 

675 

755 


*Refer to 310.60(C)(4) for the ampacity correction factors where the 
ambient air temperature is other than 40°C (104°F). 


Table 310.60(0(74) Ampacities of an Insulated Triplexed or 
Three Single-Conductor Aluminum Cables in Isolated 
Conduit in Air Based on Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) and Ambient Air Temperature of 
40°C (104°F)* 

Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 
Ampacity 


5001-35,000 Volts 
Ampacity 


Conductor 90°C 
Size (AWG (194°F) 

or kcmil) Type MV-90 


105°C 

(221°F) 

Type 

MV-105 


90°C 
(194°F) 
Type MV-90 


105°C 

(221°F) 

Type 

MV-105 


8 

43 

48 



6 

58 

65 

65 

72 

4 

▲ 76 

85 

84 

94 

2 

100 

115 

115 

130 

1 A 

Y 120 

135 

130 

150 



►3/0 

4/0 


155 

150 

170 

175 

175 

200 

210 

200 

225 

240 

230 

260 




250^ 

280 

255 

290 


305 

340 

310 

350 

L. 500 

380 

425 

385 

430 

^^750 

490 

545 

485 

540 

1000 

580 

645 

565 

640 


o 310.60(C)(4) for the ampacity correction factors where the 
air temperature is other than 40°C (104°F). 


Table 310.60(0(75) Ampacities of an Insulated 
Three-Conductor Copper Cable in Isolated Conduit in Air 
Based on Conductor Temperatures of 90°C (194°F) and 
105°C (221°F) and Ambient Air Temperature of 40°C 
(104°F)* 



Temperature Rating of Conductor [See Table 
310.104(C).] 




5001-35,000 Volts 


2001-5000 Volts Ampacity 

Ampacity 

Conductor 


105°C 


105°C 

Size 

90°C 

(221°F) 

90°C 

(221°F) 

(AWG 

(194°F) 

Type 

(194°F) 

Type 

or kcmil) 

Type MV-90 

MV-105 

Type MV-90 

MV-105 

8 

52 

58 



6 

69 

77 

83 

92 

4 

91 

100 

105 

120 

2 

125 

135 

145 

165 

1 

140 

155 

165 

185 

1/0 

165 

185 

195 

215 

2/0 

190 

210 

220 

245 

3/0 

220 

245 

250 

280 

4/0 

255 

285 

290 

320 

250 

280 

315 

315 

350 

350 

350 

390 

385 

430 

500 

425 

475 

470 

525 

750 

525 

585 

570 

635 

1000 

590 

660 

650 

725 


*Refer to 310.60(C)(4) for the ampacity correction factors where the 
ambient air temperature is other than 40°C (104°F). 
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310.60 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.60(0(76) Ampacities of an Insulated 
Three-Conductor Aluminum Cable in Isolated Conduit in 
Air Based on Conductor Temperatures of 90°C (194°F) and 
105°C (221°F) and Ambient Air Temperature of 40°C 
(104°F)* 



Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 

5001-35,000 Volts 


Ampacity 

Ampacity 

Conductor 


105°C 


105°C 

Size 

90° C 

(221°F) 

90°C 

(221°F) 

(AWG 

(194°F) 

Type 

(194°F) 

Type 

or kcmil) 

Type MV-90 

MV-105 

Type MV-90 

MV-105 

8 

41 

46 



6 

53 

59 

64 

71 

4 

71 

79 

84 

94 

2 

96 

105 

115 

125 

1 

110 

125 

130 

145 

1/0 

130 

145 

150 

170 

2/0 

150 

165 

170 

190 

3/0 

170 

190 

195 

220 

4/0 

200 

225 

225 

255 

250 

220 

245 

250 

280 

350 

275 

305 

305 

340 

500 

340 

380 

380 

425 

750 

430 

480 

470 

520 

1000 

505 

560 

550 

615 a 


*Refer to 310.60(C)(4) for the ampacity correction factors where the 
ambient air temperature is other than 40°C (104°F). 


Table 310.60(C)(77) Ampacities of Three Single-Insulated 
Copper Conductors in Underground Electrical Ducts (Three 
Conductors per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement in 
Accordance with Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
of 90°C (194°F) and 105°C (221°F) 


Conductor 
Size 
(AWG 
or kcmil) 

Temperature Rating of Conductor [See Table 
310.104(C).] 

2001-5000 Volts 
Ampacity 

5001-35,000 Volts 
Ampacity 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

One Circuit (See Figur^^ 

310.60, Detail 1.) / 

8 A 

^^^64 

69 



6 A 


92 

90 

97 


110 c 

120 

115 

125 


145^k 

. 155 

155 

165 


170 ^ 

180 

175 

185 






l/o ^ 

195 

210 

200 

215 


220 

235 

230 

245 


250 

270 

260 

275 


290 

310 

295 

315 

250 

k 320 

345 

325 

345 


385 

415 

390 

415 


470 

505 

465 

500 

750 

585 

630 

565 

610 

Y 1000 

670 

720 

640 

690 

Three Circuits (See Figure 




310.60, Detail 2.) 




' r 

56 

60 



6 

73 

79 

77 

83 

4 

95 

100 

99 

105 

2 

125 

130 

130 

135 

1 

140 

150 

145 

155 

1/0 

160 

175 

165 

175 

2/0 

185 

195 

185 

200 

3/0 

210 

225 

210 

225 

4/0 

235 

255 

240 

255 

250 

260 

280 

260 

280 

350 

315 

335 

310 

330 

500 

375 

405 

370 

395 

750 

460 

495 

440 

475 

1000 

525 

565 

495 

535 

Six Circuits (See Figure 




310.60, Detail 3.) 




8 

48 

52 



6 

62 

67 

64 

68 

4 

80 

86 

82 

88 

2 

105 

110 

105 

115 

1 

115 

125 

120 

125 

1/0 

135 

145 

135 

145 

2/0 

150 

160 

150 

165 

3/0 

170 

185 

170 

185 

4/0 

195 

210 

190 

205 

250 

210 

225 

210 

225 

350 

250 

270 

245 

265 

500 

300 

325 

290 

310 

750 

365 

395 

350 

375 

1000 

410 

445 

390 

415 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.60 


Table 310.60(C)(78) Ampacities of Three Single-Insulated 
Aluminum Conductors in Underground Electrical Ducts 
(Three Conductors per Electrical Duct) Based on Ambient 
Earth Temperature of 20°C (68°F), Electrical Duct 
Arrangement in Accordance with Figure 310.60, 100 Percent 
Load Factor, Thermal Resistance (RHO) of 90, Conductor 
Temperatures of 90°C (194°F) and 105°C (221°F) 


Table 310.60(0(79) Ampacities of Three Insulated Copper 
Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable) in Underground Electrical Ducts 
(One Cable per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement in 
Accordance with Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 


Conductor 
Size 
(AWG 
or kcmil) 

Temperature Rating of Conductor [See Table 
310.104(C).] 

2001-5000 Volts 
Ampacity 

5001-35,000 Volts 
Ampacity 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

One Circuit (See Figure 




310.60, Detail 1.) 




8 

50 

54 



6 

66 

71 

70 

75 

4 

86 

93 

91 

98 

2 

115 

125 

120 

130 

1 

130 

140 

135 

145 


of 90°C (194°F) and 105°C (221°C) 


Temperature Rating of Conductor [See Table 
310.104(C).] 


1/0 

2/0 

3/0 

4/0 


Conductor 
Size 
(AWG 
or kcmil) 


2001-5000 Volts 
Ampacity 

90°C 105°C 

(194°F) (221°F) 

Type Type 

MV-90 MV-105 



64 

84 

110 

145 


.4/0 


265 


285 


250 

250 

270 

250 

270 

350 

305 

325 

305 

330 

500 

370 

400 

370 

400 

750 

470 

505 

455 

490 

1000 

545 

590 


565^4 

Three Circuits (See Figure 


S' 

| 1 

310.60, Detail 2.) 





8 

44 

47 

\J 


6 

57 

61 

^60 

65 

4 

74 

80 

^ 77 k 

83 

2 

96 



105 

1 

110 

A20 


t no 


290 

355 

430 

530 

600 


315 

380 

460 

570 

645 


: Circuits (See Figure 
60, Detail 2.) 



53 

69 

89 

115 

135 


57 

74 

96 

125 

145 


140 

155 

175 

200 


250 

205 

220 

^r 

200 

220 

350 

245 

265 


245 

260 

500 

295 

320 


290 

315 

750 

370 

395 


355 

385 

1000 

425 

460 


405 

440 


1/0 

2/0 

3/0 

4/0 


150 

170 

195 

225 


165 

185 

210 

240 


250 

350 

500 

750 

1000 


245 

295 

355 

430 

485 


265 

315 

380 

465 

520 


5001-35,000 Volts 
Ampacity 


90°C 

(194°F) 

Type 

MV-90 


88 

115 

150 


285 


75 

97 

125 

140 


160 

185 

205 

230 


255 

305 

360 

430 

485 


105°C 

(221°F) 

Type 

MV-105 


95 

125 

160 







1 

155, 

165 

170 

185 

1/0 

150 

160 

155 

165 






2/0 

170 

185 

175 

190 

d 1/n 

175 

190 

195 

210 

3/0 

195 

210 

200 

215 

^^^'2/0 

200 

220 

220 

235 

4/0 

225 

245 

230 

245 

3/0 

230 

250 

250 

270 


305 


310 335 
375 400 
450 485 
545 585 
615 660 


81 

105 

135 

155 


175 

195 

220 

250 


270 

325 

385 

465 

515 


Six Circuits (See Figure 
310.60, Detail 3.) 


8 

38 

41 



6 

48 

52 

50 

54 

4 

62 

67 

64 

69 

2 

80 

86 

80 

88 

1 

91 

98 

90 

99 

1/0 

105 

110 

105 

no 

2/0 

115 

125 

115 

125 

3/0 

135 

145 

130 

145 

4/0 

150 

165 

150 

160 

250 

165 

180 

165 

175 

350 

195 

210 

195 

210 

500 

240 

255 

230 

250 

750 

290 

315 

280 

305 

1000 

335 

360 

320 

345 


Six Circuits (See Figure 
310.60, Detail 3.) 


8 

46 

50 



6 

60 

65 

63 

68 

4 

77 

83 

81 

87 

2 

98 

105 

105 

no 

1 

no 

120 

115 

125 

1/0 

125 

135 

130 

145 

2/0 

145 

155 

150 

160 

3/0 

165 

175 

170 

180 

4/0 

185 

200 

190 

200 

250 

200 

220 

205 

220 

350 

240 

270 

245 

275 

500 

290 

310 

290 

305 

750 

350 

375 

340 

365 

1000 

390 

420 

380 

405 
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310.104 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.60(0(80) Ampacities of Three Insulated 
Aluminum Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable) in Underground Electrical Ducts 
(One Cable per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement in 
Accordance with Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
of 90°C (194°F) and 105°C (221°C) 


Conductor 
Size 
(AWG 
or kcmil) 

Temperature Rating of Conductor [See Table 
310.104(C).] 

2001-5000 Volts 
Ampacity 

5001-35,000 Volts 
Ampacity 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

90°C 

(194°F) 

Type 

MV-90 

105°C 

(221°F) 

Type 

MV-105 

One Circuit (See Figure 




310.60, Detail 1.) 




8 

46 

50 



6 

61 

66 

69 

74 

4 

80 

86 

89 

96 

2 

105 

110 

115 

125 

1 

120 

130 

135 

145 

1/0 

140 

150 

150 

165 

2/0 

160 

170 

170 

185 

3/0 

180 

195 

195 

210 

4/0 

205 

220 

220 

240 . 

250 

230 

245 

245 

265 ' 

350 

280 

310 

295 

315 

500 

340 

365 

355 

385 

750 

425 

460 

440 


1000 

495 

535 

510 


Three Circuits (See Figure 




310.60, Detail 2.) 




8 

41 

44 



6 

54 

58 ^ 


^k64 

4 

70 

75^^ 

'15 

^ 81 

2 

90 


100 k 


1 

105 

no 

no\2j 

120 

1/0 

120 

125^^, 

125 M 

135 

2/0 

135 

145 ^ 

k 140 

155 

3/0 

155 

165 

^k 160 ~ 

175 

4/0 

175 

185 


195 






250 

190 

205 

200 

215 

350 

230 

250 

240 

255 

500 

280 

300 

285 

305 

750 

345 

375 

350 

375 

1000 

400 

430 

400 

430 

Six Circuits (See Figure 




310.60, Detail 3.) 




8 

36 

39 



6 

46 

50 

49 

53 

4 

60 

65 

63 

68 

2 

77 

83 

80 

86 

1 

87 

94 

90 

98 

1/0 

99 

105 

105 

110 

2/0 

110 

120 

115 

125 

3/0 

130 

140 

130 

140 

4/0 

145 

155 

150 

160 

250 

160 

170 

160 

170 

350 

190 

205 

190 

205 

500 

230 

245 

230 

245 

750 

280 

305 

275 

295 

1000 

320 

345 

315 

335 


Table 310.60(C)(81) Ampacities of Single Insulated Copper 
Conductors Directly Buried in Earth Based on Ambient 
Earth Temperature of 20°C (68°F), Arrangement per Figure 
310.60, 100 Percent Load Factor, Thermal Resistance (RHO) 
of 90, Conductor Temperatures of 90°C (194°F) and 105°C 
(221°C) 

Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 
Ampacity 


Conductor 
Size 
(AWG 
or kcmil) 


90°C 

(194°F) 

Type 

MV-90 


105°C 

(221°F) 

Type 

MV-105 


One Circuit, 

Three Conductors (Sei 
Figure 

310.60, Detail 9.) 






500 

750 

1000 


Circuits, 

Six Conductors (See Figure 
310.60, Detail 10.) 


5001-35,000 Volts 
Ampacity 


90°C 

(194°F) 

Type 

MV-90 


105°C 

(221°F) 

Type 

MV-105 


110k 

115 

— 

— 

140 k 

150 

130 

140 

180^ 

k 195 

170 

180 

230 ^ 

250 

210 

225 

260 

^F280 

240 

260 

295 

320 

275 

295 

335 

365 

310 

335 

385 

415 

355 

380 

435 

465 

405 

435 

470 

510 

440 

475 

570 

615 

535 

575 

690 

745 

650 

700 

845 

910 

805 

865 

980 

1055 

930 

1005 


8 

100 

110 

— 

— 

6 

130 

140 

120 

130 

4 

165 

180 

160 

170 

2 

215 

230 

195 

210 

1 

240 

260 

225 

240 

1/0 

275 

295 

255 

275 

2/0 

310 

335 

290 

315 

3/0 

355 

380 

330 

355 

4/0 

400 

430 

375 

405 

250 

435 

470 

410 

440 

350 

520 

560 

495 

530 

500 

630 

680 

600 

645 

750 

775 

835 

740 

795 

1000 

890 

960 

855 

920 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.104 


Table 310.60(C)(82) Ampacities of Single Insulated 
Aluminum Conductors Directly Buried in Earth Based on 
Ambient Earth Temperature of 20°C (68°F), Arrangement 
per Figure 310.60, 100 Percent Load Factor, Thermal 
Resistance (RHO) of 90, Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) 


Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 


Conductor 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 


One Circuit, Three 


Table 310.60(0(83) Ampacities of Three Insulated Copper 
Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable), Directly Buried in Earth Based on 
Ambient Earth Temperature of 20°C (68°F), Arrangement 
per Figure 310.60, 100 Percent Load Factor, Thermal 
Resistance (RHO) of 90, Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) 


Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 


Conductor 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 


Conductors (See Figure 
310.60, Detail 9.) 


8 

85 

90 



6 

110 

115 

100 

110 

4 

140 

150 

130 

140 

2 

180 

195 

165 

175 

1 

205 

220 

185 

200 

1/0 

230 

250 

215 

230 

2/0 

265 

285 

245 

260 

3/0 

300 

320 

275 

295 

4/0 

340 

365 

315 

340 

250 

370 

395 

345 


350 

445 

480 

415 

450, 

500 

540 

580 

510 

545 

750 

665 

720 

63^^ 

68 q 

1000 

780 

840 


^ 795 


Two Circuits, Six 
Conductors (See Figure 
310.60, Detail 10.) 

80 
100 
130 
165 
190 


100 

130 

165 

190 


One Circuit I 
310.60, Deta 



230 

260 

295 

335 


365 

440 

530 

650 

730 


Two Circuits (See Figure 
310.60, Detail 6.) 


80 

100 

130 

165 

185 


89 

115 

150 

190 

215 


245 

280 

320 

360 


395 

475 

570 

700 

785 


84 

105 

140 

180 

200 


115 

145 

185 

210 


240 

270 

305 

350 


380 

460 

550 

665 

750 


105 

135 

170 

195 


120 

155 

200 

225 


255 

290 

330 

375 


410 

495 

590 

720 

810 


115 

145 

185 

210 







1/0 

215 

230 

220 

235 

1/0 

215 


fh.00 

215 

2/0 

240 

260 

250 

270 

2/0 

245 

260 k , 

0 225 

245 

3/0 

275 

295 

280 

305 

3/0 

275 

295^1 

r 255 

275 

4/0 

310 

335 

320 

345 

4/0 

310 

335 ” 

290 

315 











250 

340 

365 

350 

375 

250 

340 

365 

320 

345 

350 

410 

440 

420 

450 

350 

410 

440 

385 

415 

500 

490 

525 

500 

535 

500 

495 

530 

470 

505 

750 

595 

640 

605 

650 

750 

610 

655 

580 

625 

1000 

665 

715 

675 

730 

1000 

710 

765 

680 

730 
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310.104 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.60(0(84) Ampacities of Three Insulated 
Aluminum Conductors Cabled Within an Overall Covering 
(Three-Conductor Cable), Directly Buried in Earth Based on 
Ambient Earth Temperature of 20°C (68°F), Arrangement 
per Figure 310.60, 100 Percent Load Factor, Thermal 
Resistance (RHO) of 90, Conductor Temperatures of 90°C 
(194°F) and 105°C (221°F) 


Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 


Conductor 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 


Table 310.60(C)(85) Ampacities of Three Triplexed Single 
Insulated Copper Conductors Directly Buried in Earth 
Based on Ambient Earth Temperature of 20°C (68°F), 
Arrangement per Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
90°C (194°F) and 105°C (221°F) 


Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 5001-35,000 Volts 

Ampacity Ampacity 


Conductor 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 


One Circuit, Three 


One Circuit (See Figure Conductors (See Figure^ 

310.60, Detail 5.) 310.60, Detail 7.) 



4/0 340 365 325 350 


250 

265 

285 

275 

295 






350 

320 

345 

330 

355 

250 

370 

395 

355 

380 

500 

385 

415 

395 

425 

350 

445 

480 

425 

455 

750 

480 

515 

485 

525 

500 

535 

575 

510 

545 

1000 

550 

590 

560 

600 

750 

650 

700 

615 

660 






1000 

740 

795 

690 

745 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.104 


Table 310.60(0(86) Ampacities of Three Triplexed Single 
Insulated Aluminum Conductors Directly Buried in Earth 
Based on Ambient Earth Temperature of 20°C (68°F), 
Arrangement per Figure 310.60, 100 Percent Load Factor, 
Thermal Resistance (RHO) of 90, Conductor Temperatures 
90°C (194°F) and 105°C (221°F) 

Temperature Rating of Conductor [See Table 
310.104(C).] 


2001-5000 Volts 
Ampacity 


310.60, Detail 8.) 


5001-35,000 Volts 
Ampacity 


Conductor 

90°C 

105°C 

90°C 

105°C 

Size 

(194°F) 

(221°F) 

(194°F) 

(221°F) 

(AWG 

Type 

Type 

Type 

Type 

or kcmil) 

MV-90 

MV-105 

MV-90 

MV-105 

One Circuit, Three 





Conductors (See Figure 




310.60, Detail 7.) 





8 

70 

75 



6 

90 

100 

90 

95 

4 

120 

130 

115 

125 

2 

155 

165 

145 

155 

1 

175 

190 

165 

175 

1/0 

200 

210 

190 

205 

2/0 

225 

240 

215 

230 

3/0 

255 

275 

245 

265 

4/0 

290 

310 

280 

305 

250 

320 

350 

305 


350 

385 

420 

370 

400 

500 

465 

500 

445 

480 k 

750 

580 

625 

55(^ 

590| A 

1000 

670 

725 

035HQ 

^ 680 \ 

Two Circuits, Six 




1 1 

Conductors (See Figure 


( A 



8 

65 

70 



6 

85 


k. H T k. 

. 90 

4 

110 / 

^120 

^^105 ^ 

k 115 

2 

140 4 

K 150 


r 145 

1 

160 ~ 

^k.™ 

lp5 

170 

1/0 

180 


^Pl75 

190 

2/0 

205 

220 

0 200 

215 

3/0 

235 

250^1 

V 225 

245 

4/0 

265 

285 ▼ 

255 

275 

250 

290 

310 

280 

300 

350 

350 

375 

335 

360 

500 

420 

455 

405 

435 

750 

520 

560 

485 

525 

1000 

600 

645 

565 

605 


III. Construction Specifications 

310.104 Conductor Constructions and Applications. In¬ 
sulated conductors shall comply with the applicable provi¬ 
sions of Table 310.104(A) through Table 310.104(E). 

Informational Note: Thermoplastic insulation may stiffen 
at temperatures lower than —10°C (+14°F). Thermoplastic 
insulation may also be deformed at normal temperatures 
where subjected to pressure, such as at points of support. 
Thermoplastic insulation might result in the migration of 
plasticizer between the conductor and insulation. Plasticizer 
might migrate onto conductor terminations and associated 
equipment. [ROP 6-71] 



Table 310.104(A) Conductor Applications and Insulations Rated 600 Volts 7 [ROP 6-70] 




Maximum 



Thickness of Insulation 




Operating 








Trade Name 

Type Letter 

Temperature 

Application Provisions 

Insulation 

AWG or kcmil 

mm 


mils 

Outer Covering 1 

Fluorinated 

FEP or 

90°C 

Dry and damp locations 

Fluorinated ethylene 

14-10 

0.51 


20 

None 

ethylene 

FEPB 

194°F 


propylene 

8-2 

0.76 


30 


propylene 


200°C 

Dry locations — special 

Fluorinated ethylene 

14-8 

0.36 

14 

Glass braid 



392°F 

applications 2 

propylene 

6-2 

0.36 

14 

Glass or other suitable 
braid material 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.104(A) Continued 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


310.104 


Table 310.104(A) Continued 


Trade Name 

Type Letter 

Maximum 

Operating 

Temperature 

Application Provisions 

Insulation 

Thickness of Insulation 

Outer Covering 1 

AWG or kcmil 

mm 

mils 

Heat-resistant 

THHN 

90°C 

Dry and damp locations 

Flame-retardant, 

14-12 

0.38 

15 

Nylon jacket or 

thermoplastic 


194°F 


heat-resistant 

10 

0.51 

20 

equivalent 





thermoplastic 

8-6 

0.76 

30 







4-2 

1.02 

40 







1^1/0 

1.27 

50 







250-500 

1.52 

60 







501-1000 

1.78 

70 


Moisture- and 

THHW 

75°C 

Wet location 

Flame-retardant, 

14-10 

0.76 

30 

None 

heat-resistant 


167°F 


moisture- and 

8 

1.14 

45 


thermoplastic 




heat-resistant 

6-2 

1.52 

60 




90°C 


thermoplastic 

1-4/0 

2.03 

80 







213-500 

2.41 

95 







501-1000 

2.79 

110 







1001-2000 

3.18 

125 


Moisture- and 

THW 

75°C 

Dry and wet locations 

Flame-retardant, 

14—10 

0.76 

30 

None 

heat-resistant 


167°F 


moisture- and 

\ 

1.14 

45 


thermoplastic 


90°C 

Special applications 

heat-resistant 


1.52 

60 




194°F 

within electric discharge 

thermoplastic 


2.03 

80 





lighting equipment. 


213-500 

2.41 

95 





Limited to 1000 


501-1000 

2.79 

110 





open-circuit volts or less. 


1001-2000 k 

3.18 

125 





(size 14-8 only as 









permitted in 410.68) 



► 




THW-2 

90°C 

Dry and wet locations 

A 

► 






194°F 







Moisture- and 

THWN 

75°C 

Drv and wet locationj^^. 

Flame-re tardaim^^. 

14-12 

0.38 

15 

Nylon jacket or 

heat-resistant 


167°F 

w 

moisture- and 

10 

0.51 

20 

equivalent 

thermoplastic 



% 

heat-resistant 

► 8-6 

0.76 

30 






[thermoplastic 

4-2 

1.02 

40 



THWN-2 

90°C 



1-4/0 

1.27 

50 




194°F 



250-500 

1.52 

60 







501-1000 

1.78 

70 



TW 

60°C 



14-10 

0.76 

30 


resistant 


140°F A 


moSRTre- 

8 

1.14 

45 


thermoplastic 




reffstant thermoplastic 

6-2 

1.52 

60 







1-4/0 

2.03 

80 







213-500 

2.41 

95 







501-1000 

2.79 

110 







1001-2000 

3.18 

125 


Underground feeder 

UF 

60°C 

See^Hcle 340. 

Moisture- 

14-10 

1.52 

60 4 

Integral with insulation 

and branch-circuit 


^140°F 

m 

resistant 

8-2 

2.03 

80 J 


cable — single 



M 


1^1/0 

2.41 

95 4 


conductor (for 









Type UF cable 


75 °C 


Moisture- and 





employing more 


167°F 5 ▼ 







than one 









conductor, see 









Article 340.) 









Underground 

USE 

75°C 

See Article 338. 

Heat- and 

14-10 

1.14 

45 

Moisture-resistant 

service- 


167°F 5 


moisture-resistant 

8-2 

1.52 

60 

nonmetallic covering 

entrance cable — 





1^1/0 

2.03 

80 

(See 338.2.) 

single conductor 





213-500 

2.41 

95 6 


(for Type USE 





501-1000 

2.79 

110 


cable employing 





1001-2000 

3.18 

125 


more than one 









conductor, see 









Article 338.) 










USE-2 

90°C 

Dry and wet locations 








194°F 







Thermoset 

XHH 

90°C 

Dry and damp locations 

Flame-retardant 

14-10 

0.76 

30 

None 



194°F 


thermoset 

8-2 

1.14 

45 







1^1/0 

1.40 

55 







213-500 

1.65 

65 







501-1000 

2.03 

80 







1001-2000 

2.41 

95 
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310.104 


ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.104(A) Continued 


Trade Name 

Type Letter 

Maximum 

Operating 

Temperature 

Application Provisions 

Insulation 

Thickness of Insulation 

Outer Covering 1 

AWG or kcmil 

mm 

mils 

Moisture- 

XHHW 

90°C 

Dry and damp locations 

Flame-retardant, 

14-10 

0.76 

30 

None 

resistant 


194°F 


moisture- 

8-2 

1.14 

45 


thermoset 


75°C 

Wet locations 

resistant thermoset 

1-4/0 

1.40 

55 




167°F 



213-500 

1.65 

65 







501-1000 

2.03 

80 







1001-2000 

2.41 

95 


Moisture- 

XHHW-2 

90°C 

Dry and wet locations 

Flame-retardant, 

14-10 

0.76 

30 

None 

resistant 


194°F 


moisture- 

8-2 

1.14 

45 


thermoset 




resistant thermoset 

1-4/0 

1.40 

55 







213-500 

1.65 

65 







501-1000 

2.03 

80 







1001-2000 

2.41 

95 


Modified ethylene 

Z 

90°C 

Dry and damp locations 

Modified ethylene 

14-12 

0.38 

15 

None 

tetrafluoro- 


194°F 


tetrafluoro- 

10 

0.51 

20 


ethylene 


150°C 

Dry locations — special 

ethylene 

8-4 A 

► 0.64 

25 




302°F 

applications 2 


3-1^ 

0.89 

35 







i/o-i/or 

1.14 

45 


Modified ethylene 

ZW 

75°C 

Wet locations 

Modified ethylene 


k 0.76 

30 

None 

tetrafluoro- 


167°F 


tetrafluoro- 

4^8-2 

1.14 

45 


ethylene 


90°C 

Dry and damp locations 

ethylene a 







194°F 









150°C 

Dry locations — special 

J 

▲ 






302°F 

applications 2 







ZW-2 

90°C 

Dry and wet locations 








194°F 



L 





1 Some insulations do not require an outer covering. 

2 Where design conditions require maximum conductor operating tempi 

3 For signaling circuits permitting 300-volt insulation. 


4 Includes integral jacket. 

5 For ampacity limitation, see 340.80. 

6 Insulation thickness shall be permitted to be 2.03 j 
The nonmetallic covering over individual rubber-coveil 
shall not be required to be flame retardan^ 
cable, see Article 340, Part III. 

Conductors can be rated up to lOOff' J^Slts if listed an3 


Table 310.104(B) Thickness of Insulati 
2000 Volts 




(194°F). 


ie USE conductors that have been subjected to special investigations, 
iductors of aluminum-sheathed cable and of lead-sheathed or multiconductor cable 
tie, see 330.104. For nonmetallic-sheathed cable, see Article 334, Part III. For Type UF 

tOP 6-70] 


lielded Types RHH and RHW Solid Dielectric Insulated Conductors Rated 


Column A 1 Column B 2 


(AWG or kcmil) 

mm 

mils 

mm 

mils 

14-10 

2.03 

80 

1.52 

60 

8 

2.03 

80 

1.78 

70 

6-2 

2.41 

95 

1.78 

70 

1-2/0 

2.79 

110 

2.29 

90 

3/0-4/0 

2.79 

110 

2.29 

90 

213-500 

3.18 

125 

2.67 

105 

501-1000 

3.56 

140 

3.05 

120 

1001-2000 

3.56 

140 

3.56 

140 


'Column A insulations are limited to natural, SBR, and butyl rubbers. 

Column B insulations are materials such as cross-linked polyethylene, ethylene propylene rubber, and composites thereof. 
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ARTICLE 310 — CONDUCTORS FOR GENERAL WIRING 310.110 


Table 310.104(C) Conductor Application and Insulation Rated 2001 Volts and Higher 

Trade 


Maximum Operating 

Application 



Name 

Type Letter 

Temperature 

Provision 

Insulation 

Outer Covering 

Medium voltage solid 

MV-90 

90°C 

Dry or wet locations 

Thermo- 

Jacket, sheath, or 

dielectric 

MV-105* 

105°C 


plastic or thermo¬ 
setting 

armor 


*Where design conditions require maximum conductor temperatures above 90°C. 


Table 310.104(D) Thickness of Insulation and Jacket for Nonshielded Solid Dielectric Insulated Conductors Rated 2001 to 5000 
Volts 


Dry Locations, Single Conductor 


Wet or Dry Locations 



Without 

Jacket 

Insulation 

With Jacket 

Single Conductor 

Multiconductor 

Insulation* 

Conductor Size 

Insulation 

Jacket 

Insulation 

Jacket 

(AWG or kcmil) 

mm mils 

mm mils 

mm mils 

mk mils 

mm mils 

mm mils 


8 

2.79 

110 

2.29 

90 

0.76 

3fl^ 

3.18 

125 

2.03 

80 

2.29 

90 

6 

2.79 

110 

2.29 

90 

0.76 


3.18 

125 

2.03 

80 

2.29 

90 

4-2 

2.79 

110 

2.29 

90 

1.14 A 

K5 

^3.18 

125 

2.03 

80 

2.29 

90 

1-2/0 

2.79 

110 

2.29 

90 

1.14 ^ 


W 3.18 

125 

2.03 

80 

2.29 

90 

3/0-4/0 

2.79 

110 

2.29 

90 

1.65 


3.18 

125 

2.41 

95 

2.29 

90 

213-500 

3.05 

120 

2.29 

90 

j^65 

65^ 

k 3.56 

140 

2.79 

110 

2.29 

90 

501-750 

3.30 

130 

2.29 

90 


65 ^ 

1 k 3.94 

155 

3.18 

125 

2.29 

90 

751-1000 

3.30 

130 

2.29 

90 



▼3.94 

155 

3.18 

125 

2.29 

90 

1001-1250 

3.56 

140 

2.92 

115 

11.65^ 


4.32 

170 

3.56 

140 

2.92 

115 

1251-1500 

3.56 

140 

2.92 



80 

4.32 

170 

3.56 

140 

2.92 

115 

1501-2000 

3.56 

140 

2.92 


2.03 

80 

4.32 

170 

3.94 

155 

3.56 

140 


Informational Note: See 250.184 for insulation of neutral 
conductors of a solidly grounded high-voltage system. 

310.110 Conductor Identification. 

(A) Grounded Conductors. Insulated or covered 
grounded conductors shall be identified in accordance with 
200 . 6 . 

(B) Equipment Bonding Conductors. Equipment 
grounding conductors shall be in accordance with 250.119. 

[ROP 6-13] 


*Under a common overall covering such 


310.106 Conductors. 

(A) Minimum Size of Conductors. T 

conductors shall be as shown in Table 3 
as permitted elsewhere in thi%%pr/e. 



rmmum size of 
.106(A), except 


(B) Conductor Material. Conductors' in this article shall 
be of aluminum, copper-clad aluminum, or copper unless 
otherwise specified. 

Solid aluminum conductors 8, 10, and 12 AWG shall be 
made of an AA-8000 series electrical grade aluminum alloy 
conductor material. Stranded aluminum conductors 8 AWG 


through 1000 kcmil marked as Type RHH, RHW, XHHW, 
THW, THHW, THWN, THHN, service-entrance Type SE 
Style U and SE Style R shall be made of an AA-8000 series 
electrical grade aluminum alloy conductor material. 

(C) Stranded Conductors. Where installed in raceways, 
conductors 8 AWG and larger, not specifically permitted or 
required elsewhere in this Code to be solid, shall be 
stranded. 


(C) Ungrounded Conductors. Conductors that are in¬ 
tended for use as ungrounded conductors, whether used as a 
single conductor or in multiconductor cables, shall be fin¬ 
ished to be clearly distinguishable from grounded and 
grounding conductors. Distinguishing markings shall not 
conflict in any manner with the surface markings required 
by 310.120(B)(1). Branch-circuit ungrounded conductors 
shall be identified in accordance with 210.5(C). Feeders 
shall be identified in accordance with 215.12. 


(D) Insulated. Conductors, not specifically permitted else- Exception: Conductor identification shall be permitted in 
where in this Code to be covered or bare, shall be insulated. accordance with 200. 7. 
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ARTICLE 310 —CONDUCTORS FOR GENERAL WIRING 


Table 310.104(E) Thickness of Insulation for Shielded Solid Dielectric Insulated Conductors Rated 2001 to 35,000 Volts 


2001-5000 


Conductor 
Size 
(AWG 
or kcmil) 

Volts 

5001-8000 Volts 

8001-15,000 Volts 


15,001-25,000 Volts 

100 

Percent 

Insulation 

Level 1 

100 

Percent 
Insulation 
Level 1 

133 

Percent 

Insulation 

Level 2 

173 

Percent 

Insulation 

Level 3 

100 

Percent 

Insulation 

Level 1 

133 

Percent 

Insulation 

Level 2 

173 

Percent 

Insulation 

Level 3 

100 

Percent 

Insulation 

Level 1 

133 

Percent 

Insulation 

Level 2 

173 

Percent 
Insulation 
Level 3 

mm 

mils 

mm mils 

mm 

mils 

mm mils 

mm mils 

mm 

mils 

mm mils 

mm 

mils 

mm mils 

mm mils 

8 

2.29 

90 













6^t 

2.29 

90 

2.92 115 

3.56 

140 

4.45 175 








- - 

2 

2.29 

90 

2.92 115 

3.56 

140 

4.45 175 

4.45 175 

5.59 

220 

6.60 260 

— 

— 

- - 

- - 

1 

2.29 

90 

2.92 115 

3.56 

140 

4.45 175 

4.45 175 

5.59 

220 

6.60 260 

6.60 

260 

8.13 320 

10.67 420 

1/0-2000 

2.29 

90 

2.92 115 

3.56 

140 

4.45 175 

4.45 175 

5.59 

220 

6.60 260 

6.60 

260 

8.13 320 

10.67 420 






25,001-28,000 volts 





28,001 

-35,000 volts 





100 



133 

173 





133 

173 




Percent 


Percent 

Percent 


Percent 


Percent 

Percent 

Conductor 


Insulation 

Insulation 

Insulation 


Insulation 


Insulation 

Insulation 

Size 


Level 1 



Level 2 

Level 

l 3 


I pvp ! 1 


Level 2 

Level 3 


or kcmil) 


mils 


mils 


milsj^ inm mi| s 


mils mm mils 


1 

1/0-2000 


7.11 

7.11 


280 

280 


8.76 

8.76 


345 

345 


11.30 

11.30 



345 


10.67 


420 14.73 580 


TOO Percent Insulation Level. Cables in this category shall be permitted to be applied where the system is provided with relay protection such 
that ground faults will be cleared as rapidly as possible but, in any casg^jyithin 1 minute. While these cables are applicable to the great majority 
of cable installations that are on grounded systems, they shall be permitted to be used also on other systems for which the application of cables is 
acceptable, provided the above clearing requirements are met in completely de-energizing the'faulted section. 

2 133 Percent Insulation Level. This insulation level corresponds to that formerly designated for ungrounded systems. Cables in this category shall 
be permitted to be applied in situations where the clearim^ji|»e requirementsrof the 100 percent level category cannot be met and yet there is 


adequate assurance that the faulted section will be de- 
100 percent insulation level applications where additi 
3 173 Percent Insulation Level. Cables in this cal 

(1) In industrial establishments where the conditions of 

(2) Where the fault clearing time requirement^)! the 

(3) Where an orderly shutdown is essentjal to protect equi 

(4) There is adequate assurance that thnfaulted secftoaNwill 


lergized . 


Also, cables with this insulation th 
insulation strength is desirable. 


Table 310.106(A) Minimum Size of Condi 



gcgy shall be 
jpa: 

3 percent 



ot exceeding 1 hour. Also, they shall be permitted to be used in 


n a 

insulation is i 

applied under all of the following conditions: 
fervision ensure that only qualified persons service the installation 
level category cannot be met 
t and personnel 

energized in an orderly shutdown 


Conductor 
Voltage Rating 
(Volts) 

Minimum Conductor Size (AWG) 

Copper 

Aluminum or Copper-Clad 
Aluminum 

0-2000 

14 

12 

2001-5000 

8 

8 

5001-8000 

6 

6 

8001-15,000 

2 

2 

15,001-28,000 

1 

1 

28,001-35,000 

1/0 

1/0 


310.120 Marking. 

(A) Required Information. All conductors and cables 
shall be marked to indicate the following information, us¬ 
ing the applicable method described in 310.120(B): 


itted to be used in 100 or 133 percent insulation level applications where additional 


(1) The maximum rated voltage. 

(2) The proper type letter or letters for the type of wire or 
cable as specified elsewhere in this Code. 

(3) The manufacturer’s name, trademark, or other distinc¬ 
tive marking by which the organization responsible for 
the product can be readily identified. 

(4) The AWG size or circular mil area. 

Informational Note: See Conductor Properties, Table 8 of 
Chapter 9, for conductor area expressed in SI units for 
conductor sizes specified in AWG or circular mil area. 

(5) Cable assemblies where the neutral conductor is 
smaller than the ungrounded conductors shall be so 
marked. 

(B) Method of Marking. 

(1) Surface Marking. The following conductors and 

cables shall be durably marked on the surface. The AWG 

size or circular mil area shall be repeated at intervals not 
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ARTICLE 312 —CABINETS, CUTOUT BOXES, AND METER SOCKET ENCLOSURES 


312.4 


exceeding 610 mm (24 in.). All other markings shall be 
repeated at intervals not exceeding 1.0 m (40 in.). 

(1) Single-conductor and multiconductor rubber- and 
thermoplastic-insulated wire and cable 

(2) Nonmetallic-sheathed cable 

(3) Service-entrance cable 

(4) Underground feeder and branch-circuit cable 

(5) Tray cable 

(6) Irrigation cable 

(7) Power-limited tray cable 

(8) Instrumentation tray cable 

(2) Marker Tape. Metal-covered multiconductor cables 
shall employ a marker tape located within the cable and 
running for its complete length. 

Exception No. 1: Type MI cable. 

Exception No. 2: Type AC cable. 

Exception No. 3: The information required in 310.120(A) 
shall be permitted to be durably marked on the outer non- 
metallic covering of Type MC, Type ETC, or Type PLTC 
cables at intervals not exceeding 1.0 m (40 in.). 

Exception No. 4: The information required in 310. 
shall be permitted to be durably marked on a nonniM 
covering under the metallic sheath of Type ITC or 
PLTC cable at intervals not exceeding 1-Ow^^l in.). 

Informational Note: Included in thi 
covered cables are Type AC cable (, 
cable (Article 330), and lead-sheathei 



and cables 
ed to the 


(3) Tag Marking. The 

shall be marked by mean: 
coil, reel, or carton: 

(1) Type MI cable 

(2) Switchboard wires 

(3) Metal-covered, single-condu 

(4) Type AC cable 

(4) Optional Marking of Wire Size. The information re¬ 
quired in 310.120(A)(4) shall be permitted to be marked on 
the surface of the individual insulated conductors for the 
following multiconductor cables: 


(1) D — For two insulated conductors laid parallel within 
an outer nonmetallic covering 

(2) M — For an assembly of two or more insulated con¬ 
ductors twisted spirally within an outer nonmetallic 
covering 

(D) Optional Markings. All conductors and cables con¬ 
tained in Chapter 3 shall be permitted to be surface marked 
to indicate special characteristics of the cable materials. 
These markings include, but are not limited to, markings 
for limited smoke, sunlight resistant, and so forth. 


ARTICLE 312 

ets, Cutout Boxes, and Meter 
Socket Enclosures 




Scope and Installation 
9-16] 

Scope. This article covers the installation and con- 
on specifications of cabinets, cutout boxes, and meter 
et enclosures. 

312.2 Damp and Wet Locations. In damp or wet loca¬ 
tions, surface-type enclosures within the scope of this ar¬ 
ticle shall be placed or equipped so as to prevent moisture 
or water from entering and accumulating within the cabinet 
or cutout box, and shall be mounted so there is at least 
6-mm (Vi-in.) airspace between the enclosure and the wall 
or other supporting surface. Enclosures installed in wet lo¬ 
cations shall be weatherproof. For enclosures in wet loca¬ 
tions, raceways or cables entering above the level of unin¬ 
sulated live parts shall use fittings listed for wet locations. 

Exception: Nonmetallic enclosures shall be permitted to 
be installed without the airspace on a concrete, masonry, 
tile, or similar surface. 

Informational Note: For protection against corrosion, see 
300.6. 


(1) Type MC cable 

(2) Tray cable 

(3) Irrigation cable 

(4) Power-limited tray cable 

(5) Power-limited fire alarm cable 

(6) Instrumentation tray cable 


312.3 Position in Wall. In walls of concrete, tile, or other 
noncombustible material, cabinets shall be installed so that 
the front edge of the cabinet is not set back of the finished 
surface more than 6 mm ('A in.). In walls constructed of 
wood or other combustible material, cabinets shall be flush 
with the finished surface or project therefrom. 


(C) Suffixes to Designate Number of Conductors. A type 
letter or letters used alone shall indicate a single insulated 
conductor. The letter suffixes shall be indicated as follows: 


312.4 Repairing Noncombustible Surfaces. Noncombus¬ 
tible surfaces that are broken or incomplete shall be re¬ 
paired so there will be no gaps or open spaces greater than 
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ARTICLE 312 —CABINETS, CUTOUT BOXES, AND METER SOCKET ENCLOSURES 


3 mm (Vs in.) at the edge of the cabinet or cutout box 
employing a flush-type cover. 

312.5 Cabinets, Cutout Boxes, and Meter Socket Enclo¬ 
sures. Conductors entering enclosures within the scope of 
this article shall be protected from abrasion and shall com¬ 
ply with 312.5(A) through (C). 

(A) Openings to Be Closed. Openings through which con¬ 
ductors enter shall be closed in an approved manner. [ROP 
9-2] 


Exception: Wire-bending space in enclosures for motor 
controllers with provisions for one or two wires per termi¬ 
nal shall comply with 430.10(B). 

(A) Width of Wiring Gutters. Conductors shall not be 
deflected within a cabinet or cutout box unless a gutter 
having a width in accordance with Table 312.6(A) is pro¬ 
vided. Conductors in parallel in accordance with 310.10(H) 
shall be judged on the basis of the number of conductors in 
parallel. 


(B) Metal Cabinets, Cutout Boxes, and Meter Socket 
Enclosures. Where metal enclosures within the scope of 
this article are installed with messenger-supported wiring, 
open wiring on insulators, or concealed knob-and-tube wir¬ 
ing, conductors shall enter through insulating bushings or, 
in dry locations, through flexible tubing extending from the 
last insulating support and firmly secured to the enclosure. 

(C) Cables. Where cable is used, each cable shall be se¬ 
cured to the cabinet, cutout box, or meter socket enclosure. 

Exception: Cables with entirely nonmetallic sheaths shall 
be permitted to enter the top of a surface-mounted enclo¬ 
sure through one or more nonflexible raceways not les ^ 
than 450 mm (18 in.) and not more than 3.0 m (10 ft) in 
length, provided all of the following conditions are met: 

(a) Each cable is fastened within 300 
measured along the sheath, of the outer end 

(b) The raceway extends directly abo 
and does not penetrate a structural ceiling. 

(c) A fitting is provided on eac, 
protect the cable(s) from abrasi j 
accessible after installation. 

(d) The raceway is sealed 3 
using approved means so as to pre 
sure through the raceway. 

(e) The cable sheath is continuous WWough the race¬ 
way and extends into the enclosure beyond the fitting not 
less than 6 mm (V 4 in.). 

(f) The raceway is fastened at its outer end and at 
other points in accordance with the applicable article. 

(g) Where installed as conduit or tubing, the allowable 
cable fill does not exceed that permitted for complete con¬ 
duit or tubing systems by Table 1 of Chapter 9 of this Code 
and all applicable notes thereto. 

Informational Note: See Table 1 in Chapter 9, including 
Note 9, for allowable cable fill in circular raceways. See 
310.15(B)(3)(a) for required ampacity reductions for mul¬ 
tiple cables installed in a common raceway. 


(B) Wire-Bending Space at Terminals. Wire-bending 
space at each terminal shall be provided in accordance with 
312.6(B)(1) or (B)(2). 



uter end 
ccess.to the enclo- 


(1) Conductors 

Table 312.6(A) s 
enter or leave 
terminal. 


ntering or Leaving Opposite Wall. 

where the conductor does not 
riclosurc through the wall opposite its 




ttors Entering or Leaving Opposite Wall. 

.6(B) shall appl^jvhere the conductor does enter 
losure through the wall opposite its termi- 



ExceptionNo. 1: Where the distance between the wall and 
its terminanis in accordance with Table 312.6(A), a con¬ 
ductor shall We permitted to enter or leave an enclosure 
through aw wall opposite its terminal, provided the con- 
uctor enters or leaves the enclosure where the gutter joins 
adjacent gutter that has a width that conforms to Table 
.6(B) for the conductor. 

Exception No. 2: A conductor not larger than 350 kcmil 
shall be permitted to enter or leave an enclosure containing 
only a meter socket)s) through the wall opposite its termi¬ 
nal, provided the distance between the terminal and the 
opposite wall is not less than that specified in Table 
312.6(A) and the terminal is a lay-in type, where the termi¬ 
nal is either of the following: 

(a) Directed toward the opening in the enclosure and 
within a 45 degree angle of directly facing the enclosure 
wall 

(b) Directly facing the enclosure wall and offset not 
greater than 50 percent of the bending space specified in 
Table 312.6(A) 

Informational Note: Offset is the distance measured along 
the enclosure wall from the axis of the centerline of the 
terminal to a line passing through the center of the opening 
in the enclosure. 

(C) Conductors 4 AWG or Larger. Installation shall com¬ 
ply with 300.4(G). 


312.6 Deflection of Conductors. Conductors at terminals 
or conductors entering or leaving cabinets or cutout boxes 
and the like shall comply with 312.6(A) through (C). 


312.7 Space in Enclosures. Cabinets and cutout boxes 
shall have approved space to accommodate all conductors 
installed in them without crowding. [ROP 9-2] 
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312.11 


Table 312.6(A) Minimum Wire-Bending Space at Terminals and Minimum Width of Wiring Gutters 






Wires per Terminal 





Wire Size (AWG or 


1 

2 


3 


4 


5 












kcmil) 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

14-10 

Not specified 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

8-6 

38.1 
50.8 
63.5 

76.2 

1 V 2 

— 

— 

— 

— 

— 

— 

— 

— 

2 

1 

z 

2 Vi 

3 

— 

— 

— 

— 

— 

— 

— 

— 

1/0-2/0 

88.9 

3 Vi 

127 

5 

178 

7 

_ 

_ 

_ 

_ 

3/0-4/0 

102 

4 

152 

6 

203 

8 

— 

— 

— 

— 

250 

114 

4 Vi 

152 

6 

203 

8 

254 

10 

— 

— 

300-350 

127 

5 

203 

8 

254 

i(L 

305 

12 

— 

— 

400-500 

152 

6 

203 

8 

254 

10^ 

305 

12 

356 

14 

600-700 

203 

8 

254 

10 

305 A 

12 

356 

14 

406 

16 

750-900 

203 

8 

305 

12 

356^ 

14 

406 

16 

457 

18 

1000-1250 

254 

10 

— 

— 

-w 



— 

— 

— 

1500-2000 

305 

12 

— 

— 

Ar 


_ 

— 

— 

— 


Note: Bending space at terminals shall be measured in a straight line from 
the terminal) to the wall, barrier, or obstruction. 


312.8 Switch and Overcurrent Device Enclosure) 
Splices, Taps, and Feed-Through Conductors. Till 
ing space of enclosures for switches or overcurrent devices 
shall be permitted for conductors feeding through, splii 
or tapping off to other enclosures, switches, or overcurri 
devices where all of the following conditions are met: 

(1) The total of all conductors installed at any cross section 
of the wiring space does not exceed 40 percent of the 
cross-sectional area of that space. 

(2) The total area of all conductors, iBices, and taps in 
stalled at any cross section of the wiring space does not 
exceed 75 percent of rfid cross-sectional area of that 
space. 

(3) A warning label complying with 110.21(B) is applied 
to the enclosure that identifies the closest disconnecting 
means for any feed-through conductors. [ROP 9-26] 

312.9 Side or Back Wiring Spaces or Gutters. Cabinets 
and cutout boxes shall be provided with back-wiring 
spaces, gutters, or wiring compartments as required by 
312.11(C) and (D). 

II. Construction Specifications 

312.10 Material. Cabinets, cutout boxes, and meter socket 
enclosures shall comply with 312.10(A) through (C). 

(A) Metal Cabinets and Cutout Boxes. Metal enclosures 
within the scope of this article shall be protected both in¬ 
side and outside against corrosion. 

[ROP 9-26a] 



lug or wire connector (in the direction that the wire leaves 


(B) Strength. The design and construction of enclosures 
within the scope of this article shall be such as to secure 

strength and rigidity. If constructed of sheet steel, the 
metll thickness shall not be less than 1.35 mm (0.053 in.) 
uncoated. 

(C) Nonmetallic Cabinets. Nonmetallic cabinets shall be 
listed, or they shall be submitted for approval prior to in¬ 
stallation. 

312.11 Spacing. The spacing within cabinets and cutout 
boxes shall comply with 312.11(A) through (D). 

(A) General. Spacing within cabinets and cutout boxes 
shall provide approved spacing for the distribution of wires 
and cables placed in them and for a separation between 
metal parts of devices and apparatus mounted within them 
in accordance with (A)(1), (A)(2), and (A)(3). [ROP 9-2] 

(1) Base. Other than at points of support, there shall be an 
airspace of at least 1.59 mm (0.0625 in.) between the base 
of the device and the wall of any metal cabinet or cutout 
box in which the device is mounted. 

(2) Doors. There shall be an airspace of at least 25.4 mm 
(1.00 in.) between any live metal part, including live metal 
parts of enclosed fuses, and the door. 

Exception: Where the door is lined with an approved in¬ 
sulating material or is of a thickness of metal not less than 
2.36 mm (0.093 in.) uncoated, the airspace shall not be less 
than 12.7 mm (0.500 in.). 
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Table 312.6(B) Minimum Wire-Bending Space at Terminals 



2. For removable and lay-in wire terminals intended for only one wire, bending space shall be permitted to be reduced by the following number 
of millimeters (inches): 

a 12.7 mm (Vi in.) 
b 25.4 mm (1 in.) 
c 38.1 mm (1 Vi in.) 
d 50.8 mm (2 in.) 
e 76.2 mm (3 in.) 

3. This column shall be permitted to determine the required wire-bending space for compact stranded aluminum conductors in sizes up to 1000 
kcmil and manufactured using AA-8000 series electrical grade aluminum alloy conductor material in accordance with 310.14. 


(3) Live Parts. There shall be an airspace of at least 
12.7 mm (0.500 in.) between the walls, back, gutter parti¬ 
tion, if of metal, or door of any cabinet or cutout box and 
the nearest exposed current-carrying part of devices 
mounted within the cabinet where the voltage does not 
exceed 250. This spacing shall be increased to at least 
25.4 mm (1.00 in.) for voltages of 251 to 1000, nominal. 
[ROP 9-27] 


Exception: Where the conditions in 312.11(A)(2), Excep¬ 
tion, are met, the airspace for nominal voltages from 251 to 
600 shall be permitted to be not less than 12.7 mm 
(0.500 in.). 

(B) Switch Clearance. Cabinets and cutout boxes shall be 
deep enough to allow the closing of the doors when 30- 
ampere branch-circuit panelboard switches are in any posi- 
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ARTICLE 314 — OUTLET, DEVICE, PULL, AND JUNCTION BOXES, CONDUIT BODIES:FITTINGS, AND HANDHOLES 314.16 


tion, when combination cutout switches are in any position, 
or when other single-throw switches are opened as far as 
their construction permits. 

(C) Wiring Space. Cabinets and cutout boxes that contain 
devices or apparatus connected within the cabinet or box to 
more than eight conductors, including those of branch cir¬ 
cuits, meter loops, feeder circuits, power circuits, and simi¬ 
lar circuits, but not including the supply circuit or a con¬ 
tinuation thereof, shall have back-wiring spaces or one or 
more side-wiring spaces, side gutters, or wiring compart¬ 
ments. 

(D) Wiring Space — Enclosure. Side-wiring spaces, side 
gutters, or side-wiring compartments of cabinets and cutout 
boxes shall be made tight enclosures by means of covers, 
barriers, or partitions extending from the bases of the de¬ 
vices contained in the cabinet, to the door, frame, or sides 
of the cabinet. 

Exception: Side-wiring spaces, side gutters, and side¬ 
wiring compartments of cabinets shall not be required to be 
made tight enclosures where those side spaces contain only 
conductors that enter the cabinet directly opposite to the 
devices where they terminate. 

Partially enclosed back-wiring spaces shall be pro 
with covers to complete the enclosure. Wiring spaces^j|iat 
are required by 312.11(C) and are exposed 
open shall be provided with covers to c 
sure. Where space is provided for feej 
and for splices as required in 312.8, 
not be required. [ROP 9-2] 


ART 

Outlet, Device, Pull, and Junction Boxes; 
Conduit Bodies; Fitting^Pand Handhole 
Enclosures 

I. Scope and General 

314.1 Scope. This article covers the installation and use of 
all boxes and conduit bodies used as outlet, device, junc¬ 
tion, or pull boxes, depending on their use, and handhole 
enclosures. Cast, sheet metal, nonmetallic, and other boxes 
such as FS, FD, and larger boxes are not classified as con¬ 
duit bodies. This article also includes installation require¬ 
ments for fittings used to join raceways and to connect 
raceways and cables to boxes and conduit bodies. 

314.2 Round Boxes. Round boxes shall not be used where 
conduits or connectors requiring the use of locknuts or 
bushings are to be connected to the side of the box. 



314.3 Nonmetallic Boxes. Nonmetallic boxes shall be per¬ 
mitted only with open wiring on insulators, concealed 
knob-and-tube wiring, cabled wiring methods with entirely 
nonmetallic sheaths, flexible cords, and nonmetallic race¬ 
ways. 

Exception No. 1: Where internal bonding means are pro¬ 
vided between all entries, nonmetallic boxes shall be per¬ 
mitted to be used with metal raceways or metal-armored 
cables. 

Exception No. 2: Where integral bonding means with a 
provision for attaching an equipment bonding jumper in¬ 
side the box are provided between all threaded entries in 
nonmetallic boxes listed for the purpose, nonmetallic boxes 
shall be permitted to be used with metal raceways or metal- 
armored cablt 

314.4 Metal Boxes. Metal boxes shall be grounded and 
bond^l fn accordance with Parts I, IV, V, VI, VII, and X of 

e 250 as applicable, except as permitted in 250.112(1). 


lation 

5 Damp or Wet Locations. In damp or wet loca- 
oxes, conduit bodies, and fittings shall be placed or 
so as to prevent moisture from entering or accu- 
j-ng within the box, conduit body, or fitting. Drainage 
openings shall be permitted to be installed in the field in 
accordance with the manufacturer’s instructions. Boxes, 
conduit bodies, outlet box hoods, and fittings installed in 
wet locations shall be listed for use in wet locations. [ROP 
9-35, ROP 9-33] 

Informational Note No. 1: For boxes in floors, see 
314.27(B). 

Informational Note No. 2: For protection against corro¬ 
sion, see 300.6. 

314.16 Number of Conductors in Outlet, Device, and 
Junction Boxes, and Conduit Bodies. Boxes and conduit 
bodies shall be of an approved size to provide free space 
for all enclosed conductors. In no case shall the volume of 
the box, as calculated in 314.16(A), be less than the fill 
calculation as calculated in 314.16(B). The minimum vol¬ 
ume for conduit bodies shall be as calculated in 314.16(C). 
[ROP 9-2] 

The provisions of this section shall not apply to termi¬ 
nal housings supplied with motors or generators. 

Informational Note: For volume requirements of motor or 
generator terminal housings, see 430.12. 

Boxes and conduit bodies enclosing conductors 4 AWG 
or larger shall also comply with the provisions of 314.28. 

(A) Box Volume Calculations. The volume of a wiring 
enclosure (box) shall be the total volume of the assembled 
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sections and, where used, the space provided by plaster 
rings, domed covers, extension rings, and so forth, that are 
marked with their volume or are made from boxes the di¬ 
mensions of which are listed in Table 314.16(A). 

(1) Standard Boxes. The volumes of standard boxes that 
are not marked with their volume shall be as given in Table 
314.16(A). 

(2) Other Boxes. Boxes 1650 cm 3 (100 in. 3 ) or less, other 
than those described in Table 314.16(A), and nonmetallic 
boxes shall be durably and legibly marked by the manufac¬ 
turer with their volume. Boxes described in Table 
314.16(A) that have a volume larger than is designated in 
the table shall be permitted to have their volume marked as 
required by this section. 

(3) Luminaire Canopies. Where a luminaire or similar 
canopy is marked with its volume in accordance with 
410.20, the marked volume shall not be counted as part of 
the volume of the box to which it is mounted. The marked 

Table 314.16(A) Metal Boxes 


canopy volume shall be compared with the volume required 
for the luminaire supply fixture wires in accordance with 
Table 314.16(B) in order to determine whether additional 
volume in the box is required to accommodate the lumi¬ 
naire supply fixture wires. [ROP 9-37a] 

(B) Box Fill Calculations. The volumes in paragraphs 
314.16(B)(1) through (B)(5), as applicable, shall be added 
together. No allowance shall be required for small fittings 
such as locknuts and bushings. 

(1) Conductor Fill. Each conductor that originates outside 
the box and terminates or is spliced within the box shall be 
counted once, and each conductor that passes through the 
box without splice or termination shall be counted once. 
Each loop or coil of unbroken conductor not less than twice 
the minimum lena^required for free conductors in 300.14 
shall be counted twice. The conductor fill shall be calcu¬ 
lated using Table 314.16(B). A conductor, no part of which 
leaves the box, shall not be counted. 


mm 

100 x 32 
100 x 38 
100 x 54 


Box Trade Size 


in. 


(4 x 114) 
(4 x 114) 
(4 x 214) 


round/octagona 
round/octaga 
round/octaijPfial 



Maximum Number of Conductors* 
(arranged by AWG size) 


12 

5 

6 
9 


10 


8 


5 5 

6 5 

8 7 


100 x 32 
100 x 38 
100 x 54 


(4x 114) 
(4 x 114) 
(4 x 214) 


square 


square 

^^^squ£§^^^ 


295 ^0 

|L 344 21.0 

'^197 30.3 

418 25.5 

484 29.5 

689 42.0 


12 10 9 8 7 6 3 

14 12 10 9 8 7 4 

20 17 15 13 12 10 6 


120 x 32 
120 x 38 
120 x 54 


(4 11 /i6 x 114) 
(4 u /i6 x IV 2 ) 
(4 n /i6 x 2 1 /s) 



17 

19 

28 


14 12 

16 14 

24 21 


11 

13 

18 


10 

11 

16 


9 

14 


75 x 50 x 38 
75 x 50 x 50 
75x 50 x 57 
75 x 50 x 65 
75 x 50 x 70 
75 x 50 x 90 


(3 x 2 x 114) 
(3 x 2 x 2) 
(3x 2 x 214) 
(3 x 2 x 214) 
(3 x 2 x 2 3 /4) 
(3 x 2 x 314) 


device 

device 

device 

device 

device 


123 

164 

172 

205 

230 

295 


7.5 

10.0 

10.5 

12.5 
14.0 
18.0 


5 

6 

7 

8 
9 

12 


4 

5 

6 

7 

8 

10 


100 x 54 X 38 

(4 x 214 x 114) 

device 

169 

10.3 

6 

5 

5 

4 

4 

3 

2 

100 x 54 x 48 

(4 x 214 x l 7 /s) 

device 

213 

13.0 

8 

7 

6 

5 

5 

4 

2 

100 x 54 x 54 

(4 x 214 x 214) 

device 

238 

14.5 

9 

8 

7 

6 

5 

4 

2 

95 x 50 x 65 

(3 3 /4 x 2 x 214) 

masonry box/gang 

230 

14.0 

9 

8 

7 

6 

5 

4 

2 

95 x 50 x 90 

(3 3 /4 x 2 x 314) 

masonry box/gang 

344 

21.0 

14 

12 

10 

9 

8 

7 

4 

min. 44.5 depth 

FS — single cover/gang (1%) 

221 

13.5 

9 

7 

6 

6 

5 

4 

2 

min. 60.3 depth 

FD — single cover/gang (2 3 /8) 

295 

18.0 

12 

10 

9 

8 

7 

6 

3 

min. 44.5 depth 

FS — multiple cover/gang (1%) 

295 

18.0 

12 

10 

9 

8 

7 

6 

3 

min. 60.3 depth 

FD — multiple cover/gang (214) 

395 

24.0 

16 

13 

12 

10 

9 

8 

4 


*Where no volume allowances are required by 314.16(B)(2) through (B)(5). 
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Exception: An equipment grounding conductor or conduc¬ 
tors or not over four fixture wires smaller than 14 AWG, or 
both, shall be permitted to be omitted from the calculations 
where they enter a box from a domed luminaire or similar 
canopy and terminate within that box. 

(2) Clamp Fill. Where one or more internal cable clamps, 
whether factory or field supplied, are present in the box, a 
single volume allowance in accordance with Table 
314.16(B) shall be made based on the largest conductor 
present in the box. No allowance shall be required for a 
cable connector with its clamping mechanism outside the 
box. 

A clamp assembly that incorporates a cable termination 
for the cable conductors shall be listed and marked for use 
with specific nonmetallic boxes. Conductors that originate 
within the clamp assembly shall be included in conductor 
fill calculations covered in 314.16(B)(1) as though they 
entered from outside the box. The clamp assembly shall not 
require a fill allowance but the volume of the portion of the 
assembly that remains within the box after installation shall 
be excluded from the box volume as marked in 
314.16(A)(2). [ROP 9-37] 

(3) Support Fittings Fill. Where one or more luminaire 
studs or hickeys are present in the box, a single vol 
allowance in accordance with Table 314.16(B) shall be' 
made for each type of fitting based on the largest conductor 
present in the box. 

(4) Device or Equipment Fill. For 

taining one or more devices or equip 
allowance in accordance with Table 
made for each yoke or strap 
connected to a device(s) or equiprm 
yoke or strap. A device or utilization eq 
a single 50 mm (2 in.) device box as 
314.16(A) shall have double volume 
for each gang required for mou: 



st conductor 
by that 
vider than 
Scribed in Table 
vances provided 


Table 314.16(B) Volume Allowance Required per Conductor 


Size of Conductor 
(AWG) 

Free Space Within Box for Each 
Conductor 

cm 3 

in. 3 

18 

24.6 

1.50 

16 

28.7 

1.75 

14 

32.8 

2.00 

12 

36.9 

2.25 

10 

41.0 

2.50 

8 

49.2 

3.00 

6 

81.9 

5.00 


(5) Equipment Grounding Conductor Fill. Where one or 
more equipment grounding conductors or equipment bond¬ 


ing jumpers enter a box, a single volume allowance in ac¬ 
cordance with Table 314.16(B) shall be made based on the 
largest equipment grounding conductor or equipment bond¬ 
ing jumper present in the box. Where an additional set of 
equipment grounding conductors, as permitted by 
250.146(D), is present in the box, an additional volume 
allowance shall be made based on the largest equipment 
grounding conductor in the additional set. 

(C) Conduit Bodies. 

(1) General. Conduit bodies enclosing 6 AWG conductors 
or smaller, other than short-radius conduit bodies as de¬ 
scribed in 314.16(C)(3), shall have a cross-sectional area 
not less than twice the cross-sectional area of the largest 
conduit or tubing to which they can be attached. The maxi¬ 
mum number of conductors permitted shall be the maxi¬ 
mum number permitted by Table 1 of Chapter 9 for the 
conduit or tubing to which it is attached. 

(2) With Splices, Taps, or Devices. Only those conduit 
ies that are durablv and legibly marked by the manufac- 

:urer with their volume shall be permitted to contain 
'liass. taps, or devices. The maximum number of conduc¬ 
es shall be calculated in accordance with 314.16(B). Con¬ 
duit bodies shall be supported in a rigid and secure manner. 

rt Radius Conduit Bodies. Conduit bodies such as 
capped elbows and service-entrance elbows that enclose 
conductors 6 AWG or smaller, and are only intended to 
enable the installation of the raceway and the contained 
conductors, shall not contain splices, taps, or devices and 
shall be of an approved size to provide free space for all 
conductors enclosed in the conduit body. [ROP 9-2] 

314.17 Conductors Entering Boxes, Conduit Bodies, or 
Fittings. Conductors entering boxes, conduit bodies, or fit¬ 
tings shall be protected from abrasion and shall comply 
with 314.17(A) through (D). 

(A) Openings to Be Closed. Openings through which con¬ 
ductors enter shall be closed in an approved manner. [ROP 

9-2] 

(B) Metal Boxes and Conduit Bodies. Where metal boxes 
or conduit bodies are installed with messenger-supported 
wiring, open wiring on insulators, or concealed knob-and- 
tube wiring, conductors shall enter through insulating bush¬ 
ings or, in dry locations, through flexible tubing extending 
from the last insulating support to not less than 6 mm (14 
in.) inside the box and beyond any cable clamps. Except as 
provided in 300.15(C), the wiring shall be firmly secured to 
the box or conduit body. Where raceway or cable is in¬ 
stalled with metal boxes or conduit bodies, the raceway or 
cable shall be secured to such boxes and conduit bodies. 

(C) Nonmetallic Boxes and Conduit Bodies. Nonmetallic 
boxes and conduit bodies shall be suitable for the lowest 
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temperature-rated conductor entering the box. Where non- 
metallic boxes and conduit bodies are used with messenger- 
supported wiring, open wiring on insulators, or concealed 
knob-and-tube wiring, the conductors shall enter the box 
through individual holes. Where flexible tubing is used to 
enclose the conductors, the tubing shall extend from the last 
insulating support to not less than 6 mm ( l A in.) inside the 
box and beyond any cable clamp. Where nonmetallic- 
sheathed cable or multiconductor Type UF cable is used, 
the sheath shall extend not less than 6 mm ('A in.) inside 
the box and beyond any cable clamp. In all instances, all 
permitted wiring methods shall be secured to the boxes. 

Exception: Where nonmetallic-sheathed cable or multi¬ 
conductor Type UF cable is used with single gang boxes 
not larger than a nominal size 57 mm x 100 mm (2V4 in. 
x 4 in.) mounted in walls or ceilings, and where the cable 
is fastened within 200 mm (8 in.) of the box measured along 
the sheath and where the sheath extends through a cable 
knockout not less than 6 mm ( ] A in.), securing the cable to 
the box shall not be required. Multiple cable entries shall 
be permitted in a single cable knockout opening. 

(D) Conductors 4 AWG or Larger. Installation shall com¬ 
ply with 300.4(G). 

Informational Note: See 110.12(A) for requirements on 

closing unused cable and raceway knockout openings. 


314.19 Boxes Enclosing Flush Devices. Bo 

close flush devices shall be of such design 
will be completely enclosed on back and side; 
tial support for the devices will be, provided, 
supporting the box shall not be 
device contained therein. 



314.20 In Wall or Ceiling. In walls or ceilflgs with a 
surface of concrete, tile, gypsum, plaster, or other noncom¬ 
bustible material, boxes employing a flush-type cover or 
faceplate shall be installed so that the front edge of the box, 
plaster ring, extension ring, or listed extender will not be 
set back of the finished surface more than 6 mm ('A in.). 

In walls and ceilings constructed of wood or other com¬ 
bustible surface material, boxes, plaster rings, extension 
rings, or listed extenders shall be flush with the finished 
surface or project therefrom. 


of this section shall be 



ring over the box. Equipment grounding shall be in accor¬ 
dance with Part VI of Article 250. 

Exception: A surface extension shall be permitted to be 
made from the cover of a box where the cover is designed 
so it is unlikely to fall off or be removed if its securing 
means becomes loose. The wiring method shall be flexible 
for an approved length that permits removal of the cover 
and provides access to the box interior, and arranged so 
that any grounding continuity is independent of the connec¬ 
tion between the box and cover. [ROP 9-2] 

314.23 Supports. Enclosures within the scope of this ar¬ 
ticle shall be supported in accordance with one or more of 
the provisions in 314.23(A) through (H). 

(A) Surface Mounting. An enclosure mounted on a build¬ 
ing or other surface shall be rigidly and securely fastened in 
place. If the surface does not provide rigid and secure sup¬ 
port, addhkinal support in accordance with other provisions 


/ided. 


(B) Structural Mounting. An enclosure supported from a 
structural member or from grade shall be rigidly supported 
either directly or by using a metal, polymeric, or wood 

Screws. Nails and screws, where used as a 
ening means, shall be attached by using brackets on the 
of the enclosure, or they shall pass through the 
rior within 6 mm {'A in.) of the back or ends of the 
closure. Screws shall not be permitted to pass through the 
box unless exposed threads in the box are protected using 
approved means to avoid abrasion of conductor insulation. 

(2) Braces. Metal braces shall be protected against corro¬ 
sion and formed from metal that is not less than 0.51 mm 
(0.020 in.) thick uncoated. Wood braces shall have a cross 
section not less than nominal 25 mm x 50 mm (1 in. 
x 2 in.). Wood braces in wet locations shall be treated for 
the conditions. Polymeric braces shall be identified as being 
suitable for the use. 

(C) Mounting in Finished Surfaces. An enclosure 
mounted in a finished surface shall be rigidly secured 
thereto by clamps, anchors, or fittings identified for the 
application. 


314.21 Repairing Noncombustible Surfaces. Noncom¬ 
bustible surfaces that are broken or incomplete around 
boxes employing a flush-type cover or faceplate shall be 
repaired so there will be no gaps or open spaces greater 
than 3 mm (Vs in.) at the edge of the box. 

314.22 Surface Extensions. Surface extensions shall be 
made by mounting and mechanically securing an extension 


(D) Suspended Ceilings. An enclosure mounted to struc¬ 
tural or supporting elements of a suspended ceiling shall be 
not more than 1650 cm 3 (100 in. 3 ) in size and shall be 
securely fastened in place in accordance with either (D)(1) 
or (D)(2). 

(1) Framing Members. An enclosure shall be fastened to 
the framing members by mechanical means such as bolts, 
screws, or rivets, or by the use of clips or other securing 
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means identified for use with the type of ceiling framing 
member(s) and enclosure(s) employed. The framing mem¬ 
bers shall be supported in an approved manner and securely 
fastened to each other and to the building structure. [ROP 

9-2] 

(2) Support Wires. The installation shall comply with the 
provisions of 300.11(A). The enclosure shall be secured 
using identified methods to ceiling support wire(s), includ¬ 
ing any additional support wire(s) installed for ceiling sup¬ 
port. Support wire(s) used for enclosure support shall be 
fastened at each end so as to be taut within the ceiling 
cavity. [ROP 9^45] 

(E) Raceway-Supported Enclosure, Without Devices, 
Luminaires, or Lampholders. An enclosure that does not 
contain a device(s) other than splicing devices or support a 
luminaire(s), lampholder, or other equipment and is sup¬ 
ported by entering raceways shall not exceed 1650 cm 3 
(100 in. 3 ) in size. It shall have threaded entries or have 
identified hubs. It shall be supported by two or more con¬ 
duits threaded wrenchtight into the enclosure or hubs. Each 
conduit shall be secured within 900 mm (3 ft) of the enclo¬ 
sure, or within 450 mm (18 in.) of the enclosure if all 
conduit entries are on the same side. [ROP 9-47] 


Exception: The following wiring methods shall be p 
ted to support a conduit body of any size, including a 
duit body constructed with only one conduit entry, provided 
the trade size of the conduit body is ^ not largeMthan tm 
largest trade size of the conduit or 


(1) Intermediate metal co, 

(2) Rigid metal condui 

(3) Rigid polyvinyl chlori ! 

(4) Reinforced thermosetting 

(5) Electrical metallic tubing, 




PVC 

Type RTRC 


(F) Raceway-Supported Enclosures, with Devices, Lu¬ 
minaires, or Lampholders. An enclosure that contains a 
device(s), other than splicing devices, or supports a lumi¬ 
naire^), lampholder, or other equipment and is supported 
by entering raceways shall not exceed 1650 cm 3 (100 in. 3 ) 
in size. It shall have threaded entries or identified hubs. It 
shall be supported by two or more conduits threaded 
wrenchtight into the enclosure or hubs. Each conduit shall 
be secured within 450 mm (18 in.) of the enclosure. [ROP 
9-49] 

Exception No. 1: Rigid metal or intermediate metal con¬ 
duit shall be permitted to support a conduit body of any 
size, including a conduit body constructed with only one 
conduit entry, provided the trade size of the conduit body is 
not larger than the largest trade size of the conduit. 


Exception No. 2: An unbroken length(s) of rigid or inter¬ 
mediate metal conduit shall be permitted to support a box 
used for luminaire or lampholder support, or to support a 
wiring enclosure that is an integral part of a luminaire and 
used in lieu of a box in accordance with 300.15(B), where 
all of the following conditions are met: 

(a) The conduit is securely fastened at a point so that 
the length of conduit beyond the last point of conduit sup¬ 
port does not exceed 900 mm (3 ft). 

(b) The unbroken conduit length before the last point 
of conduit support is 300 mm (12 in.) or greater, and that 
portion of the conduit is securely fastened at some point not 
less than 300 mm (12 in.) from its last point of support. 

(c) Where accessible to unqualified persons, the lumi¬ 
naire or lamplmlder, measured to its lowest point, is at least 
2.5 m (8 ft) above grade or standing area and at least 
900 mm (3 ft) measured horizontally to the 2.5 m (8 ft) 
elevation from \yindows, doors, porches, fire escapes, 

r location 

'(d) A luminaires' Supported by a single conduit does not 
Exceed JIQO mm (12 m.) in any direction from the point of 
entry. 

) The weight supported by any single conduit does 
no! exceed 9 kg (20 lb). 

tf) At the luminaire or lampholder end, the conduit(s) 
ded wrenchtight into the box, conduit body, or inte- 
graTwiring enclosure, or into identified hubs. Where a box 
or conduit body is used for support, the luminaire shall be 
secured directly to the box or conduit body, or through a 
threaded conduit nipple not over 75 mm (3 in.) long. [ROP 
9-53] 

(G) Enclosures in Concrete or Masonry. An enclosure 
supported by embedment shall be identified as suitably pro¬ 
tected from corrosion and securely embedded in concrete or 
masonry. 

(H) Pendant Boxes. An enclosure supported by a pendant 
shall comply with 314.23(H)(1) or (H)(2). 

(I) Flexible Cord. A box shall be supported from a mul¬ 
ticonductor cord or cable in an approved manner that pro¬ 
tects the conductors against strain, such as a strain-relief 
connector threaded into a box with a hub. 

(2) Conduit. A box supporting lampholders or luminaires, 
or wiring enclosures within luminaires used in lieu of boxes 
in accordance with 300.15(B), shall be supported by rigid 
or intermediate metal conduit stems. For stems longer than 
450 mm (18 in.), the stems shall be connected to the wiring 
system with flexible fittings suitable for the location. At the 
luminaire end, the conduit(s) shall be threaded wrenchtight 
into the box or wiring enclosure, or into identified hubs. 
[ROP 9-54] 

Where supported by only a single conduit, the threaded 
joints shall be prevented from loosening by the use of set- 
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screws or other effective means, or the luminaire, at any 
point, shall be at least 2.5 m (8 ft) above grade or standing 
area and at least 900 mm (3 ft) measured horizontally to the 
2.5 m (8 ft) elevation from windows, doors, porches, fire 
escapes, or similar locations. A luminaire supported by a 
single conduit shall not exceed 300 mm (12 in.) in any 
horizontal direction from the point of conduit entry. 


(5) Conductors 14 AWG and Smaller. Boxes that enclose 
devices or utilization equipment supplied by 14 AWG or 
smaller conductors shall have a depth that is not less than 
23.8 mm ( 15 /i6 in.). 

Exception to (1) through (5): Devices or utilization 
equipment that is listed to be installed with specified boxes 
shall be permitted. 


314.24 Depth of Boxes. Outlet and device boxes shall 
have an approved depth to allow equipment installed within 
them to be mounted properly and without likelihood of 
damage to conductors within the box. [ROP 9-2] 

(A) Outlet Boxes Without Enclosed Devices or Utiliza¬ 
tion Equipment. Outlet boxes that do not enclose devices 
or utilization equipment shall have a minimum internal 
depth of 12.7 mm (Vi in.). 

(B) Outlet and Device Boxes with Enclosed Devices or 
Utilization Equipment. Outlet and device boxes that en¬ 
close devices or utilization equipment shall have a mini¬ 
mum internal depth that accommodates the rearward pro¬ 
jection of the equipment and the size of the conductors that 
supply the equipment. The internal depth shall include, 
where used, that of any extension boxes, plaster rings, ory 
raised covers. The internal depth shall comply with all ap¬ 
plicable provisions of (B)(1) through (B)(5). 

(1) Large Equipment. Boxes that enclose 
lization equipment that projects more than 48 
rearward from the mounting plane of the bo: 
depth that is not less than the depth of the ei 
6 mm (V4 in.). 

(2) Conductors Larger Than 

devices or utilization equipml 
larger than 4 AWG shall be 
function. 



jat enclose 
pnductors 
specific 


Exception to (2): Devices or utilization equipment supplied 
by conductors larger than 4 AWG shall be permitted to be 
mounted on or in junction and pull boxes larger than 
1650 cm 3 (100 in. 3 ) if the spacing at the terminals meets 
the requirements of 312.6. 

(3) Conductors 8, 6, or 4 AWG. Boxes that enclose de¬ 
vices or utilization equipment supplied by 8, 6, or 4 AWG 
conductors shall have an internal depth that is not less than 
52.4 mm (2Vi6 in.). 

(4) Conductors 12 or 10 AWG. Boxes that enclose de¬ 
vices or utilization equipment supplied by 12 or 10 AWG 
conductors shall have an internal depth that is not less than 
30.2 mm (l 3 /i6 in.). Where the equipment projects rearward 
from the mounting plane of the box by more than 25 mm 
(1 in.), the box shall have a depth not less than that of the 
equipment plus 6 mm ('A in.). 


314.25 Covers and Canopies. In completed installations, 
each box shall have a cover, faceplate, lampholder, or lu¬ 
minaire canopy, except where the installation complies with 
410.24(B). Screws used for the purpose of attaching covers, 
or other equipment to the box, shall be either machine 
screws matching the thread gage or size that is integral to 
the box or in accordance with the manufacturer’s instruc¬ 
tions. [ROP 9-55] 

(A) Nonmetailic or Metal Covers and Plates. Nonmetal- 
lic or metaUcovers and plates shall be permitted. Where 
metal Cjjvtffs or plates IS^tased, they shall comply with the 
grounding requirements of 250.110. 

Note: For additional grounding require- 
410.42 for metal luminaire canopies, and 404.12 
for metal faceplates. 

ombustible Wall or Ceiling Finish. Where 
anopy or pan is used, any combustible wall or 
finish exposed between the edge of the canopy or 
and the outlet box shall be covered with noncombus- 
e material if required by 410.23. [ROP 9-55a] 

(C) Flexible Cord Pendants. Covers of outlet boxes and 
conduit bodies having holes through which flexible cord 
pendants pass shall be provided with identified bushings or 
shall have smooth, well-rounded surfaces on which the 
cords may bear. So-called hard rubber or composition bush¬ 
ings shall not be used. [ROP 9-56] 

314.27 Outlet Boxes. 

(A) Boxes at Luminaire or Lampholder Outlets. Outlet 
boxes or fittings designed for the support of luminaires and 
lampholders, and installed as required by 314.23, shall be 
permitted to support a luminaire or lampholder. 

(1) Vertical Surface Outlets. Boxes used at luminaire or 
lampholder outlets in or on a vertical surface shall be iden¬ 
tified and marked on the interior of the box to indicate the 
maximum weight of the luminaire that is permitted to be 
supported by the box if other than 23 kg (50 lb). [ROP 
9-58] 

Exception: A vertically mounted luminaire or lampholder 
weighing not more than 3 kg (6 lb) shall be permitted to be 
supported on other boxes or plaster rings that are secured 
to other boxes, provided the luminaire or its supporting 
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yoke, or the lampholder, is secured to the box with no fewer 
than two No. 6 or larger screws. [ROP 9-58] 

(2) Ceiling Outlets. At every outlet used exclusively for 
lighting, the box shall be designed or installed so that a 
luminaire or lampholder may be attached. Boxes shall be 
required to support a luminaire weighing a minimum of 23 
kg (50 lb). A luminaire that weighs more than 23 kg (50 lb) 
shall be supported independently of the outlet box, unless 
the outlet box is listed and marked on the interior of the box 
to indicate the maximum weight the box shall be permitted 
to support. [ROP 9-62] 

(B) Floor Boxes. Boxes listed specifically for this applica¬ 
tion shall be used for receptacles located in the floor. 

Exception: Where the authority having jurisdiction judges 
them free from likely exposure to physical damage, mois¬ 
ture, and dirt, boxes located in elevated floors of show 
windows and similar locations shall be permitted to be 
other than those listed for floor applications. Receptacles 
and covers shall be listed as an assembly for this type of 
location. 

(C) Boxes at Ceiling-Suspended (Paddle) Fan Outlets. 

Outlet boxes or outlet box systems used as the sole support 
of a ceiling-suspended (paddle) fan shall be listed, shall be 
marked by their manufacturer as suitable for this purAse, 
and shall not support ceiling-suspended (paddle) fans ^hat. 
weigh more than 32 kg (70 lb). For outlet boxes ,or ou 
box systems designed to support eeiling-suspcndcl 
(paddle) fans that weigh more than 
quired marking shall include the ma: 
supported. 

switchei 
ling mounti 
jrig-suspeii' 
lulti-fai 

systi 


Where spare, separately 
tors are provided to a 
location acceptable for a'' 
single-family, two-family, 
outlet box or outlet box 




d conduc- 
ox, in a 
(paddle) fan in 
dwellings, the 
ie listed for sole 


support of a ceiling-suspended (padqte) fan. [ROP 9-63] 


(A) Minimum Size. For raceways containing conductors 
of 4 AWG or larger that are required to be insulated, and for 
cables containing conductors of 4 AWG or larger, the mini¬ 
mum dimensions of pull or junction boxes installed in a 
raceway or cable run shall comply with (A)(1) through 
(A)(3). Where an enclosure dimension is to be calculated 
based on the diameter of entering raceways, the diameter 
shall be the metric designator (trade size) expressed in the 
units of measurement employed. 

(1) Straight Pulls. In straight pulls, the length of the box 
or conduit body shall not be less than eight times the metric 
designator (trade size) of the largest raceway. 

(2) Angle or U Pulls, or Splices. Where splices or where 
angle or U pulls are made, the distance between each race¬ 
way entry inside the box or conduit body and the opposite 
wall of the box or conduit body shall not be less than six 
times the metric designator (trade size) of the largest race¬ 
way in a row. This distance shall be increased for additional 

by the amount of the sum of the diameters of all 
=way entrie^in the same row on the same wall of 
'Each row shall be calculated individually, and the 
row that provides the maximum distance shall be 

ceptipn: Where a raceway or cable entry is in the wall 
ox or conduit body opposite a removable cover, the 
distance from that wall to the cover shall be permitted to 
comply with the distance required for one wire per terminal 
in Table 312.6(A). 

The distance between raceway entries enclosing the 
same conductor shall not be less than six times the metric 
designator (trade size) of the larger raceway. 

When transposing cable size into raceway size in 
314.28(A)(1) and (A)(2), the minimum metric designator 
(trade size) raceway required for the number and size of 
conductors in the cable shall be used. 



(D) Utilization Equipment. Boxes used for the support of 
utilization equipment other than ceiling-suspended (paddle) 
fans shall meet the requirements of 314.27(A) for the sup¬ 
port of a luminaire that is the same size and weight. 

Exception: Utilization equipment weighing not more than 
3 kg (6 lb) shall be permitted to be supported on other 
boxes or plaster rings that are secured to other boxes, pro¬ 
vided the equipment or its supporting yoke is secured to the 
box with no fewer than two No. 6 or larger screws. 

314.28 Pull and Junction Boxes and Conduit Bodies. 

Boxes and conduit bodies used as pull or junction boxes 
shall comply with 314.28(A) through (E). 

Exception: Terminal housings supplied with motors shall 
comply with the provisions of 430.12. 


(3) Smaller Dimensions. Boxes or conduit bodies of di¬ 
mensions less than those required in 314.28(A)(1) and 
(A)(2) shall be permitted for installations of combinations 
of conductors that are less than the maximum conduit or 
tubing fill (of conduits or tubing being used) permitted by 
Table 1 of Chapter 9, provided the box or conduit body has 
been listed for, and is permanently marked with, the maxi¬ 
mum number and maximum size of conductors permitted. 

The conductor fill for listed conduit bodies of dimen¬ 
sions less than those required in 314.28(A)(2) and having a 
radius of the curve to the centerline not less than as indi¬ 
cated in Table 2, Chapter 9 for one shot and full shoe 
benders shall be limited only by Table 1 of Chapter 9 as 
applied to the entering raceways. These conduit bodies 
shall be marked to show they have been specifically evalu¬ 
ated in accordance with this provision. [ROP 9-67] 
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(B) Conductors in Pull or Junction Boxes. In pull boxes 
or junction boxes having any dimension over 1.8 m (6 ft), 
all conductors shall be cabled or racked up in an approved 
manner. 

(C) Covers. All pull boxes, junction boxes, and conduit 
bodies shall be provided with covers compatible with the 
box or conduit body construction and suitable for the con¬ 
ditions of use. Where used, metal covers shall comply with 
the grounding requirements of 250.110. 

(D) Permanent Barriers. Where permanent barriers are 
installed in a box, each section shall be considered as a 
separate box. 

(E) Power Distribution Blocks. Power distribution blocks 
shall be permitted in pull and junction boxes over 1650 cm 3 
(100 in. 3 ) for connections of conductors where installed in 
boxes and where the installation complies with (1) through 
(5). 

Exception: Equipment grounding terminal bars shall be 
permitted in smaller enclosures. 

(1) Installation. Power distribution blocks installed in 
boxes shall be listed. 


(2) Size. In addition to the overall size requirement in the 
first sentence of 314.28(A)(2), the power distribution block 
shall be installed in a box with dimensions not smaller than 
specified in the installation instructions of tha 
bution block. 

(3) Wire Bending Space. Wire bendin: 
minals of power distribution bl 
312.6. 



(4) Live Parts. Power distribution blocks shall not have 
uninsulated live parts exposed within a box, whether or not 
the box cover is installed. 

(5) Through Conductors. Where the pull or junction 
boxes are used for conductors that do not terminate on the 
power distribution block(s), the through conductors shall be 
arranged so the power distribution block terminals are un¬ 
obstructed following installation. 

314.29 Boxes, Conduit Bodies, and Handhole Enclo¬ 
sures to Be Accessible. Boxes, conduit bodies, and hand¬ 
hole enclosures shall be installed so that the wiring con¬ 
tained in them can be rendered accessible without removing 
any part of the building or structure, or, in underground 
circuits, without excavating sidewalks, paving, earth, or 
other substance that is to be used to establish the finished 
grade. [ROP 9-1] 

Exception: Listed boxes and handhole enclosures shall be 
permitted where covered by gravel, light aggregate, or non- 


cohesive granulated soil if their location is effectively iden¬ 
tified and accessible for excavation. 

314.30 Handhole Enclosures. Handhole enclosures shall 
be designed and installed to withstand all loads likely to be 
imposed on them. They shall be identified for use in under¬ 
ground systems. 

Informational Note: See ANSI/SCTE 77-2002, Specifica¬ 
tion for Underground Enclosure Integrity, for additional 
information on deliberate and nondeliberate traffic loading 
that can be expected to bear on underground enclosures. 

(A) Size. Handhole enclosures shall be sized in accordance 
with 314.28(A) for conductors operating at 1000 volts or 
below, and in accordance with 314.71 for conductors oper¬ 
ating at over 1000 v#ts. For handhole enclosures without 
bottoms where the provisions of 314.28(A)(2), Exception, 
or 314.71 (B)(JrffcException No. 1, apply, the measurement 
to the removable cover shall be taken from the end of the 
conduit jgjjfcable asseml )ly. [ROP 9-68] 

ries. Underground raceways and cable as- 
a handhole enclosure shall extend into 
, but they shall not be required to be mechani- 
:ed to the enclosure. 




firing. All enclosed conductors and any 
formations, if present, shall be listed as suitable 
wet locations. 

Covers. Handhole enclosure covers shall have an iden- 
fying mark or logo that prominently identifies the function 
of the enclosure, such as “electric.” Handhole enclosure 
covers shall require the use of tools to open, or they shall 
weigh over 45 kg (100 lb). Metal covers and other exposed 
conductive surfaces shall be bonded in accordance with 
250.92 if the conductors in the handhole are service con¬ 
ductors, or in accordance with 250.96(A) if the conductors 
in the handhole are feeder or branch-circuit conductors. 


III. Construction Specifications 

314.40 Metal Boxes, Conduit Bodies, and Fittings. 

(A) Corrosion Resistant. Metal boxes, conduit bodies, 
and fittings shall be corrosion resistant or shall be well- 
galvanized, enameled, or otherwise properly coated inside 
and out to prevent corrosion. 

Informational Note: See 300.6 for limitation in the use of 
boxes and fittings protected from corrosion solely by 
enamel. 

(B) Thickness of Metal. Sheet steel boxes not over 
1650 cm 3 (100 in. 3 ) in size shall be made from steel not 
less than 1.59 mm (0.0625 in.) thick. The wall of a mal¬ 
leable iron box or conduit body and a die-cast or 
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permanent-mold cast aluminum, brass, bronze, or zinc box 
or conduit body shall not be less than 2.38 mm (¥.32 in.) 
thick. Other cast metal boxes or conduit bodies shall have a 
wall thickness not less than 3.17 mm (Vs in.). 

Exception No. 1: Listed boxes and conduit bodies shown 
to have equivalent strength and characteristics shall be 
permitted to be made of thinner or other metals. 

Exception No. 2: The walls of listed short radius conduit 
bodies, as covered in 314.16(C)(2), shall be permitted to be 
made of thinner metal, 

(C) Metal Boxes Over 1650 cm 3 (100 in. 3 ). Metal boxes 
over 1650 cm 3 (100 in. 3 ) in size shall be constructed so as 
to be of ample strength and rigidity. If of sheet steel, the 
metal thickness shall not be less than 1.35 mm (0.053 in.) 
uncoated. 

(D) Grounding Provisions. A means shall be provided in 
each metal box for the connection of an equipment ground¬ 
ing conductor. The means shall be permitted to be a tapped 
hole or equivalent. 

314.41 Covers. Metal covers shall be of the same material 
as the box or conduit body with which they are u; 
they shall be lined with firmly attached insulating m; 
that is not less than 0.79 mm (V32 in.) thick, or they shal 
listed for the purpose. Metal covers shall be the saine thick 
ness as the boxes or conduit body for which they are use< 
or they shall be listed for the purpose. Covers of porcelai 
or other approved insulating materials* 1 shall be permitted if 
of such form and thickness as to afford the required protec 
tion and strength. 

314.42 Bushings. Covers of outlet boxes tod conduit bod¬ 
ies having holes through which flexible cord pendants may 
pass shall be provided with approved bushings or shall 
have smooth, well-rounded surfaces on which the cord may 
bear. Where individual conductors pass through a metal 
cover, a separate hole equipped with a bushing of suitable 
insulating material shall be provided for each conductor. 
Such separate holes shall be connected by a slot as required 
by 300.20. 



IV. Pull and Junction Boxes, Conduit Bodies, and 
Handhole Enclosures for Use on Systems over 
1000 Volts, Nominal 

[ROP 9-28] 

314.70 General. 

(A) Pull and Junction Boxes. Where pull and junction 
boxes are used on systems over 1000 volts, the installation 
shall comply with the provisions of Part IV and with the 
following general provisions of this article: [ROP 9-70] 

(1) Part I, 314.2; 314.3; and 314.4 

(2) Part II, 314.15; 314.17; 314.20; 314.23(A), (B), or (G); 
314.28(B); and 314.29 

(3) Part III, 3^4.40(A) and (C); and 314.41 

(B) Conduit Bodies. Where conduit bodies are used on 
systems over 1000 volts, the installation shall comply with 
the ..provisions of Part IV and with the following general 

sions of this article: [ROP 9-71] 

314.4 

II, 314.15; 314.17; 314.23(A), (E), or (G); and 
4.29 

(3\Part III, 314.40(A); and 314.41 


dhole Enclosures. Where handhole enclosures are 
on systems over 1000 volts, the installation shall com¬ 
ply with the provisions of Part IV and with the following 
general provisions of this article: [ROP 9-72] 

(1) Part I, 314.3; and 314.4 

(2) Part II, 314.15; 314.17; 314.23(G); 314.28(B); 314.29; 
and 314.30 

314.71 Size of Pull and Junction Boxes, Conduit Bodies, 
and Handhole Enclosures. Pull and junction boxes and 
handhole enclosures shall provide approved space and di¬ 
mensions for the installation of conductors, and they shall 
comply with the specific requirements of this section. Con¬ 
duit bodies shall be permitted if they meet the dimensional 
requirements for boxes. [ROP 9-2] 

Exception: Terminal housings supplied with motors shall 
comply with the provisions of 430.12. 


314.43 Nonmetallic Boxes. Provisions for supports or 
other mounting means for nonmetallic boxes shall be out¬ 
side of the box, or the box shall be constructed so as to 
prevent contact between the conductors in the box and the 
supporting screws. 

314.44 Marking. All boxes and conduit bodies, covers, 
extension rings, plaster rings, and the like shall be durably 
and legibly marked with the manufacturer’s name or trade¬ 
mark. 


(A) For Straight Pulls. The length of the box shall not be 
less than 48 times the outside diameter, over sheath, of the 
largest shielded or lead-covered conductor or cable entering 
the box. The length shall not be less than 32 times the 
outside diameter of the largest nonshielded conductor or 
cable. 

(B) For Angle or U Pulls. 

(1) Distance to Opposite Wall. The distance between each 
cable or conductor entry inside the box and the opposite 
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wall of the box shall not be less than 36 times the outside 
diameter, over sheath, of the largest cable or conductor. 
This distance shall be increased for additional entries by the 
amount of the sum of the outside diameters, over sheath, of 
all other cables or conductor entries through the same wall 
of the box. 

Exception No. 1: Where a conductor or cable entry is in 
the wall of a box opposite a removable cover, the distance 
from that wall to the cover shall be permitted to be not less 
than the bending radius for the conductors as provided in 
300.34. 


(F) Suitable for Expected Handling. Boxes and their 
covers shall be capable of withstanding the handling to 
which they are likely to be subjected. 


ARTICLE 320 
Armored Cable: Type AC 


I. General 


Exception No. 2: Where cables are nonshielded and not 
lead covered , the distance of 36 times the outside diameter 
shall be permitted to be reduced to 24 times the outside 
diameter. 

(2) Distance Between Entry and Exit. The distance be¬ 
tween a cable or conductor entry and its exit from the box 
shall not be less than 36 times the outside diameter, over 
sheath, of that cable or conductor. 

Exception: Where cables are nonshielded and not lead 
covered, the distance of 36 times the outside diameter shall 
be permitted to be reduced to 24 times the outside diameter. 

(C) Removable Sides. One or more sides of any pull box 
shall be removable. 


320.1 Scope. This article covers the use, installation, and 
construction specifications for armored cable. Type AC. 


320.2 Definition. 

Armored Ca 

lated conduc 
See 32C 


314.72 Construction and Installation Requi 

(A) Corrosion Protection. Boxes shall be made 
rial inherently resistant to corrosion or sha! 
protected, both internally and externally, bv et 
vanizing, plating, or other mean^ 

(B) Passing Through Partitions. S lei bushings, 
shields, or fittings having smooth^ounc dges shall be 
provided where conductors or cables^ p hrough parti 
tions and at other locations where neces 



je AC. A fabricated assembly of insu- 
sxible interlocked metallic armor. 


Permitted. Type AC cable shall be permitted 

iers and branch circuits in both exposed and 
^ rconceafed installations 
1) In cable trays 

(3) In dry locations 

1) Embedded in plaster finish on brick or other masonry, 
except in damp or wet locations 
(5) To be run or fished in the air voids of masonry block or 
tile walls where such walls are not exposed or subject 
to excessive moisture or dampness 


Informational Note: 
inclusive list. 


The “Uses Permitted” is not an all- 


(C) Complete Enclosure. Boxes shall provide a complete 
enclosure for the contained conductors or cables. 

(D) Wiring Is Accessible. Boxes and conduit bodies shall 
be installed so that the conductors are accessible without 
removing any fixed part of the building or structure. Work¬ 
ing space shall be provided in accordance with 110.34. 

(E) Suitable Covers. Boxes shall be closed by suitable 
covers securely fastened in place. Underground box covers 
that weigh over 45 kg (100 lb) shall be considered meeting 
this requirement. Covers for boxes shall be permanently 
marked “DANGER — HIGH VOLTAGE — KEEP OUT.” 
The marking shall be on the outside of the box cover and 
shall be readily visible. Letters shall be block type and at 
least 13 mm (V 2 in.) in height. 


320.12 Uses Not Permitted. Type AC cable shall not be 
used as follows: 

(1) Where subject to physical damage 

(2) In damp or wet locations 

(3) In air voids of masonry block or tile walls where such 
walls are exposed or subject to excessive moisture or 
dampness 

(4) Where exposed to corrosive conditions 

(5) Embedded in plaster finish on brick or other masonry 
in damp or wet locations 

320.15 Exposed Work. Exposed runs of cable, except as 
provided in 300.11(A), shall closely follow the surface of 
the building finish or of running boards. Exposed runs shall 
also be permitted to be installed on the underside of joists 
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320.104 


where supported at each joist and located so as not to be 
subject to physical damage. 

320.17 Through or Parallel to Framing Members. Type 
AC cable shall be protected in accordance with 300.4(A), 
(C), and (D) where installed through or parallel to framing 
members. 

320.23 In Accessible Attics. Type AC cables in accessible 
attics or roof spaces shall be installed as specified in 
320.23(A) and (B). 


(1) Is fished between access points through concealed 
spaces in finished buildings or structures and support¬ 
ing is impracticable 

(2) Is not more than 600 mm (2 ft) in length at terminals 
where flexibility is necessary 

(3) Is not more than 1.8 m (6 ft) in length from the last 
point of cable support to the point of connection to a 
luminaire(s) or other electrical equipment and the cable 
and point of connection are within an accessible ceil¬ 
ing. For the purposes of this section. Type AC cable 
fittings shall be permitted as a means of cable support. 


(A) Cables Run Across the Top of Floor Joists. Where 
run across the top of floor joists, or within 2.1 m (7 ft) of 
the floor or floor joists across the face of rafters or studding, 
the cable shall be protected by guard strips that are at least 
as high as the cable. Where this space is not accessible by 
permanent stairs or ladders, protection shall only be re¬ 
quired within 1.8 m (6 ft) of the nearest edge of the scuttle 
hole or attic entrance. [ROP 7-21] 

(B) Cable Installed Parallel to Framing Members. 

Where the cable is installed parallel to the sides of rafters, 
studs, or ceiling or floor joists, neither guard strips nor 
running boards shall be required, and the installatic 
also comply with 300.4(D). 

320.24 Bending Radius. Bends in Type 
made such that the cable is not damag' 
curve of the inner edge of any bem 
five times the diameter of the Type 



320.30 Securing and 

(A) General. Type A' 
cured by staples, cable 
tings, designed and installed s 


sported and se- 
or similar fit- 
Samage the cable. 


(B) Securing. Unless otherwise pennitted, Type AC cable 
shall be secured within 300 mm (12 in.) of every outlet 
box, junction box, cabinet, or fitting and at intervals not 
exceeding 1.4 m (4'A ft) where installed on or across fram¬ 
ing members. 


320.40 Boxes and Fittings. At all points where the armor 
of AC cable terminates, a fitting shall be provided to protect 
wires from abrasion, unless the design of the outlet boxes 
or fittings as to afford equivalent protection, and, in 

addition, an insulating bushing or its equivalent protection 
shall be provided between the conductors and the armor. 
Thakconnector or^clamp by which the Type AC cable is 
ned to boxes or cabinets shall be of such design that 
ting bushingor its equivalent will be visible for 
Where change is made from Type AC cable to 
cable or raceway wiring methods, a box, fitting, or 
t body shall be installed at junction points as re- 
300.15. 

Ampacity. The ampacity shall be determined in 
accordance with 310.15. 

(A) Thermal Insulation. Armored cable installed in ther¬ 
mal insulation shall have conductors rated at 90°C (194°F). 
The ampacity of cable installed in these applications shall 
not exceed that of a 60°C (140°F) rated conductor. The 
90°C (194°F) rating shall be permitted to be used for am¬ 
pacity adjustment and correction calculations; however, the 
ampacity shall not exceed that of a 60°C (140°F) rated 
conductor. 

(B) Cable Tray. The ampacity of Type AC cable installed 
in cable tray shall be determined in accordance with 
392.80(A). 

III. Construction Specifications 


(C) Supporting. Unless otherwise permitted, Type AC 
cable shall be supported at intervals not exceeding 1.4 m 
(4'A ft). 

Horizontal runs of Type AC cable installed in wooden 
or metal framing members or similar supporting means 
shall be considered supported where such support does not 
exceed 1.4-m (4y2-ft) intervals. 

(D) Unsupported Cables. Type AC cable shall be permit¬ 
ted to be unsupported where the cable complies with any of 
the following; 


320.100 Construction. Type AC cable shall have an armor 
of flexible metal tape and shall have an internal bonding 
strip of copper or aluminum in intimate contact with the 
armor for its entire length. 

320.104 Conductors. Insulated conductors shall be of a 
type listed in Table 310.104(A) or those identified for use in 
this cable. In addition, the conductors shall have an overall 
moisture-resistant and fire-retardant fibrous covering. For 
Type ACT, a moisture-resistant fibrous covering shall be 
required only on the individual conductors. 
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320.108 Equipment Grounding Conductor. Type AC 
cable shall provide an adequate path for fault current as 
required by 250.4(A)(5) or (B)(4) to act as an equipment 
grounding conductor. 

320.120 Marking. The cable shall be marked in accor¬ 
dance with 310.120, except that Type AC shall have ready 
identification of the manufacturer by distinctive external 
markings on the cable armor throughout its entire length. 


ARTICLE 322 

Flat Cable Assemblies: Type FC 

I. General 

322.1 Scope. This article covers the use, installation, and 
construction specifications for flat cable assemblies, Type 
FC. 

322.2 Definition. 

Flat Cable Assembly, Type FC. An assembly of paralle 
conductors formed integrally with an insulating material 
web specifically designed for field installation in surface 
metal raceway. 

II. Installation 

322.10 Uses Permitted. Flat cable ; 
mitted only as follows: 

(1) As branch circuits to supply i svices'for 

lighting, small appliances, oW tads. The 

rating of the branch circuit si d 30 am¬ 

peres. 

(2) Where installed for exposed work. 

(3) In locations where they will not be subjected to physi¬ 
cal damage. Where a flat cable assembly is installed 
less than 2.5 m (8 ft) above the floor or fixed working 
platform, it shall be protected by a cover identified for 
the use. 

(4) In surface metal raceways identified for the use. The 
channel portion of the surface metal raceway systems 
shall be installed as complete systems before the flat 
cable assemblies are pulled into the raceways. 

322.12 Uses Not Permitted. Flat cable assemblies shall 
not be used as follows: 

(1) Where exposed to corrosive conditions, unless suitable 
for the application 

(2) In hoistways or on elevators or escalators 



(3) In any hazardous (classified) location, except as spe¬ 
cifically permitted by other articles in this Code 

(4) Outdoors or in wet or damp locations unless identified 
for the use 

322.30 Securing and Supporting. The flat cable assem¬ 
blies shall be supported by means of their special design 
features, within the surface metal raceways. 

The surface metal raceways shall be supported as re¬ 
quired for the specific raceway to be installed. 

322.40 Boxes and Fittings. 

(A) Dead Ends. Each flat cable assembly dead end shall 
be terminated in an end-cap device identified for the use. 

The dead-end fitting for the enclosing surface metal 
raceway shall be identified for the use. 

(B) Luminaire Hangers. Luminaire hangers installed with 
the flat cablWisscmbliew shall be identified for the use. 

. Fittings to be installed with flat cable assem- 
esigned ana installed to prevent physical 
cable assemblies. 

. All extensions from flat cable assemblies 
by approved wiring methods, within the 
e.s’, installed at either end of the flat cable as- 


1.56 Splices and Taps. 

l) Splices. Splices shall be made in listed junction boxes. 

(B) Taps. Taps shall be made between any phase conduc¬ 
tor and the grounded conductor or any other phase conduc¬ 
tor by means of devices and fittings identified for the use. 
Tap devices shall be rated at not less than 15 amperes, or 
more than 300 volts to ground, and shall be color-coded in 
accordance with the requirements of 322.120(C). 


III. Construction 

322.100 Construction. Flat cable assemblies shall consist 
of two, three, four, or five conductors. 

322.104 Conductors. Flat cable assemblies shall have 
conductors of 10 AWG special stranded copper wires. 

322.112 Insulation. The entire flat cable assembly shall be 
formed to provide a suitable insulation covering all the 
conductors and using one of the materials recognized in 
Table 310.104(A) for general branch-circuit wiring. 

322.120 Marking. 

(A) Temperature Rating. In addition to the provisions of 
310.120, Type FC cable shall have the temperature rating 
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324.10 


durably marked on the surface at intervals not exceeding 
600 mm (24 in.). 


another metal shield, to a receptacle housing or self- 
contained device, or to a transition assembly. 


(B) Identification of Grounded Conductor. The 

grounded conductor shall be identified throughout its length 
by means of a distinctive and durable white or gray mark¬ 
ing. 

Informational Note: The color gray may have been used in 
the past as an ungrounded conductor. Care should be taken 
when working on existing systems. 

(C) Terminal Block Identification. Terminal blocks iden¬ 
tified for the use shall have distinctive and durable mark¬ 
ings for color or word coding. The grounded conductor 
section shall have a white marking or other suitable desig¬ 
nation. The next adjacent section of the terminal block shall 
have a black marking or other suitable designation. The 
next section shall have a red marking or other suitable 
designation. The final or outer section, opposite the 
grounded conductor section of the terminal block, shall 
have a blue marking or other suitable designation. 


ARTICLE 324 

Flat Conductor Cable: Type FCC 



FCC cable 
tide. The 
r carpet 


I. General 

324.1 Scope. This article covers a 
system for branch circuits incomoratini 
and associated accessories as defined by 
wiring system is designed for installation 
squares. 

324.2 Definitions. 


Bottom Shield. A protective layer that is installed between 
the floor and Type FCC flat conductor cable to protect the 
cable from physical damage and may or may not be incor¬ 
porated as an integral part of the cable. 


Top Shield. A grounded metal shield covering under-carpet 
components of the FCC system for the purposes of provid¬ 
ing protection against physical damage. 

Transition Assembly. An assembly to facilitate connection 
of the FCC system to other wiring systems, incorporating 
(1) a means of electrical interconnection and (2) a suitable 
box or covering for providing electrical safety and protec¬ 
tion against physical damage. 

Type FCC Cable. Three or more flat copper conductors 
placed edge-to-edge and separated and enclosed within an 
insulating assembly. 


324.6 

ated fi 




Requirements. Type FCC cable and associ- 
11 be listed. 


Installation 

ses Permitted. 

ranch Circuits. Use of FCC systems shall be permit- 
for general-purpose and appliance branch circuits 
dividual branch circuits. 


(B) Branch-Circuit Ratings. 

(1) Voltage. Voltage between ungrounded conductors shall 
not exceed 300 volts. Voltage between ungrounded conduc¬ 
tors and the grounded conductor shall not exceed 150 volts. 

(2) Current. General-purpose and appliance branch cir¬ 
cuits shall have ratings not exceeding 20 amperes. Indi¬ 
vidual branch circuits shall have ratings not exceeding 30 
amperes. 

(C) Floors. Use of FCC systems shall be permitted on 
hard, sound, smooth, continuous floor surfaces made of 
concrete, ceramic, or composition flooring, wood, and simi¬ 
lar materials. 


Cable Connector. A connector designed to join Type FCC 
cables without using a junction box. 

FCC System. A complete wiring system for branch circuits 
that is designed for installation under carpet squares. The 
FCC system includes Type FCC cable and associated 
shielding, connectors, terminators, adapters, boxes, and re¬ 
ceptacles. 

Insulating End. An insulator designed to electrically insu¬ 
late the end of a Type FCC cable. 

Metal Shield Connections. Means of connection designed 
to electrically and mechanically connect a metal shield to 


(D) Walls. Use of FCC systems shall be permitted on wall 
surfaces in surface metal raceways. 

(E) Damp Locations. Use of FCC systems in damp loca¬ 
tions shall be permitted. 

(F) Heated Floors. Materials used for floors heated in ex¬ 
cess of 30°C (86°F) shall be identified as suitable for use at 
these temperatures. 

(G) System Height. Any portion of an FCC system with a 
height above floor level exceeding 2.3 mm (0.090 in.) shall 
be tapered or feathered at the edges to floor level. 
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324.12 


ARTICLE 324 — FLAT CONDUCTOR CABLE: TYPE FCC 


324.12 Uses Not Permitted. FCC systems shall not be 
used in the following locations: 

(1) Outdoors or in wet locations 

(2) Where subject to corrosive vapors 

(3) In any hazardous (classified) location 

(4) In residential, school, and hospital buildings 

324.18 Crossings. Crossings of more than two Type FCC 
cable runs shall not be permitted at any one point. Cross¬ 
ings of a Type FCC cable over or under a flat communica¬ 
tions or signal cable shall be permitted. In each case, a 
grounded layer of metal shielding shall separate the two 
cables, and crossings of more than two flat cables shall not 
be permitted at any one point. 

324.30 Securing and Supporting. All FCC system com¬ 
ponents shall be firmly anchored to the floor or wall using 
an adhesive or mechanical anchoring system identified for 
this use. Floors shall be prepared to ensure adherence of the 
FCC system to the floor until the carpet squares are placed. 

324.40 Boxes and Fittings. 

(A) Cable Connections and Insulating Ends. All Type 
FCC cable connections shall use connectors identified fo: 
their use, installed such that electrical continuity, insulation, 
and sealing against dampness and liquid spillage are pro¬ 
vided. All bare cable ends shall be insulated 
against dampness and liquid spillage using lisjj 
ends. 


(B) Polarization of Connections. All receptai 
nections shall be constructed and installed so as t< 
proper polarization of the syste 

(C) Shields. 

(1) Top Shield. A metal top shield' 
all floor-mounted Type FCC cable, con 
ing ends. The top shield shall completel 
runs, corners, connectors, and ends. 




ailed over 
and insulat- 
cover all cable 


carpet squares not larger than 1.0 m (39.37 in.) square. 
Carpet squares that are adhered to the floor shall be at¬ 
tached with release-type adhesives. [ROP 7-23] 

324.42 Devices. 

(A) Receptacles. All receptacles, receptacle housings, and 
self-contained devices used with the FCC system shall be 
identified for this use and shall be connected to the Type 
FCC cable and metal shields. Connection from any ground¬ 
ing conductor of the Type FCC cable shall be made to the 
shield system at each receptacle. 

(B) Receptacles and Housings. Receptacle housings and 
self-contained devices designed either for floor mounting or 
for in-wall or on-wall mounting shall be permitted for use 
with the FCC system. Receptacle housings and self- 
contained deviM®)Shall incorporate means for facilitating 
entry and termination of Type FCC cable and for electri¬ 
cally connesnng the housing or device with the metal 
shield. Receptacles and self-contained devices shall comply 
with 406.4. Power and communications outlets installed 
together in common housing shall be permitted in accor¬ 
dance with 800.133(A)(1)(c), Exception No. 2. 

and Taps. 

stems Alterations. Alterations to FCC sys- 
e permitted. New cable connectors shall be 
at new connection points to make alterations. It shall 
permitted to leave unused cable runs and associated 
le connectors in place and energized. All cable ends 
shall be covered with insulating ends. 

(B) Transition Assemblies. All transition assemblies shall 
be identified for their use. Each assembly shall incorporate 
means for facilitating entry of the Type FCC cable into the 
assembly, for connecting the Type FCC cable to grounded 
conductors, and for electrically connecting the assembly to 
the metal cable shields and to equipment grounding con¬ 
ductors. 



(2) Bottom Shield. A bottom shield shall be installed be¬ 
neath all Type FCC cable, connectors, and insulating ends. 

(D) Connection to Other Systems. Power feed, grounding 
connection, and shield system connection between the FCC 
system and other wiring systems shall be accomplished in a 
transition assembly identified for this use. 

(E) Metal-Shield Connectors. Metal shields shall be con¬ 
nected to each other and to boxes, receptacle housings, 
self-contained devices, and transition assemblies using 
metal-shield connectors. 


324.60 Grounding. All metal shields, boxes, receptacle 
housings, and self-contained devices shall be electrically 
continuous to the equipment grounding conductor of the 
supplying branch circuit. All such electrical connections 
shall be made with connectors identified for this use. The 
electrical resistivity of such shield system shall not be more 
than that of one conductor of the Type FCC cable used in 
the installation. 

III. Construction 
324.100 Construction. 


324.41 Floor Coverings. Floor-mounted Type FCC cable, (A) Type FCC Cable. Type FCC cable shall be listed for 

cable connectors, and insulating ends shall be covered with use with the FCC system and shall consist of three, four, or 
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ARTICLE 326 — INTEGRATED GAS SPACER CABLE: TYPE IGS 


326.104 


five flat copper conductors, one of which shall be an equip- duit as an integrated gas spacer cable rated 0 through 600 
ment grounding conductor. volts. 


(B) Shields. 

(1) Materials and Dimensions. All top and bottom shields 
shall be of designs and materials identified for their use. 
Top shields shall be metal. Both metallic and nonmetallic 
materials shall be permitted for bottom shields. 

(2) Resistivity. Metal shields shall have cross-sectional ar¬ 
eas that provide for electrical resistivity of not more than 
that of one conductor of the Type FCC cable used in the 
installation. 

324.101 Corrosion Resistance. Metal components of the 
system shall be either corrosion resistant, coated with 
corrosion-resistant materials, or insulated from contact with 
corrosive substances. 

324.112 Insulation. The insulating material of the cable 
shall be moisture resistant and flame retardant. All insulat¬ 
ing materials in the FCC systems shall be identified for 
their use. 

324.120 Markings. 

(A) Cable Marking. Type FCC cable shall be clearl^litd 
durably marked on both sides at intervals of not more 
610 mm (24 in.) with the information required 
310.120(A) and with the following additional information^ 

(1) Material of conductors 

(2) Maximum temperature rati 

(3) Ampacity 


(B) Conductor Identil 

and durably identified on b 
as specified in 310.110. 




shall be clearly 
out their length 


ARTICLE 326 

Integrated Gas Spacer Cable: Type IGS 


II. Installation 

326.10 Uses Permitted. Type IGS cable shall be permitted 
for use under ground, including direct burial in the earth, as 
the following: 

(1) Service-entrance conductors 

(2) Feeder or branch-circuit conductors 

(3) Service conductors, underground [ROP 7-26] 

326.12 Uses Not Permitted. Type IGS cable shall not be 
used as interior wiring or be exposed in contact with build¬ 
ings. ^ 

326.24 Bending Radius. Where the coilable nonmetallic 
conduit aiul cable is bent for installation purposes or is 
flexed nr bent during shipment or installation, the radii of 
Is measured to the inside of the bend shall not be less 
cified in Table 1 326.24. 

326.24 Minimum Radii of Bends 




Conduit Size 


Minimum Radii 


Metric Designator 

Trade Size 

mm 

in. 

53 

2 

600 

24 

78 

3 

900 

35 

103 

4 

1150 

45 


326.26 Bends. A run of Type IGS cable between pull 
boxes or terminations shall not contain more than the 
equivalent of four quarter bends (360 degrees total), includ¬ 
ing those bends located immediately at the pull box or 
terminations. 

326.40 Fittings. Terminations and splices for Type IGS 
cable shall be identified as a type that is suitable for main¬ 
taining the gas pressure within the conduit. A valve and cap 
shall be provided for each length of the cable and conduit 
to check the gas pressure or to inject gas into the conduit. 


I. General 

326.1 Scope. This article covers the use, installation, and 
construction specifications for integrated gas spacer cable. 
Type IGS. 

326.2 Definition. 

Integrated Gas Spacer Cable, Type IGS. A factory as¬ 
sembly of one or more conductors, each individually insu¬ 
lated and enclosed in a loose fit, nonmetallic flexible con- 


326.80 Ampacity. The ampacity of Type IGS cable shall 
not exceed the values shown in Table 326.80. 

III. Construction Specifications 

326.104 Conductors. The conductors shall be solid alumi¬ 
num rods, laid parallel, consisting of one to nineteen 
12.7 mm (Vi in.) diameter rods. The minimum conductor 
size shall be 250 kcmil, and the maximum size shall be 
4750 kcmil. 
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326.112 


ARTICLE 328 — MEDIUM VOLTAGE CABLE: TYPE MV 


Table 326.80 Ampacity of Type IGS Cable 


Size (kcmil) 

Amperes 

Size (kcmil) 

Amperes 

250 

119 

2500 

376 

500 

168 

3000 

412 

750 

206 

3250 

429 

1000 

238 

3500 

445 

1250 

266 

3750 

461 

1500 

292 

4000 

476 

1750 

315 

4250 

491 

2000 

336 

4500 

505 

2250 

357 

4750 

519 


ARTICLE 328 

Medium Voltage Cable: Type MV 


I. General 

328.1 Scope. This article covers the use, installation, and 
construction specifications for medium voltage cable, Type 
MV. 

328.2 Definition. 


326.112 Insulation. The insulation shall be dry kraft paper 
tapes and a pressurized sulfur hexafluoride gas (SF 6 ), both 
approved for electrical use. The nominal gas pressure shall 
be 138 kPa gauge (20 lb/in. 2 gauge). The thickness of the 
paper spacer shall be as specified in Table 326.112. 

Table 326.112 Paper Spacer Thickness 



326.116 Conduit. The conduit shall be a 
polyethylene identified as suitable for use 
rated pipe in metric designator 53, 

3, or 4). The percent fill dim^ 
shown in Table 326.116. 

The size of the conduit per: 
size shall be calculated for a percent 
found in Table 1, Chapter 9. 

Table 326.116 Conduit Dimensions 


Conduit Size 

Actual 

Outside 

Diameter 

Actual Inside 
Diameter 

Metric 

Designator 

Trade 

Size 

mm 

in. 

mm 

in. 

53 

2 

60 

2.375 

49.46 

1.947 

78 

3 

89 

3.500 

73.30 

2.886 

103 

4 

114 

4.500 

94.23 

3.710 


Medium Voltage Cable, Type MV. A single or multicon¬ 
ductor solid dielectric insulated cable rated 2001 volts or 
higher. 


pe MV cable shall be permitted 
d up to and including 35,000 

s follows: 
dry locations, 
ays. 

ys, where identified for the use, in accor- 
92.10, 392.20(B), (C), and (D), 392.22(C), 
)(1), 392.46, 392.56, and 392.60. Type MV 
cable that has an overall metallic sheath or armor, com¬ 
plies with the requirements for Type MC cable, and is 
identified as “MV or MC” shall be permitted to be 
installed in cable trays in accordance with 
392.10(B)(2). 

Direct buried in accordance with 300.50. 

In messenger-supported wiring in accordance with Part 
II of Article 396. 

As exposed runs in accordance with 300.37. Type MV 
cable that has an overall metallic sheath or armor, com¬ 
plies with the requirements for Type MC cable, and is 
identified as “MV or MC” shall be permitted to be 
installed as exposed runs of metal-clad cable in accor¬ 
dance with 300.37. 


Informational Note: 
inclusive list. 


The “Uses Permitted” is not an all- 


326.120 Marking. The cable shall be marked in accor¬ 
dance with 310.120(A), 310.120(B)(1), and 310.120(D). 


328.12 Uses Not Permitted. Type MV cable shall not be 
used where exposed to direct sunlight, unless identified for 
the use. 

328.14 Installation. Type MV cable shall be installed, ter¬ 
minated, and tested by qualified persons. 

Informational Note: IEEE 576-2000, Recommended Prac¬ 
tice for Installation, Termination, and Testing of Insulated 
Power Cables as Used in Industrial and Commercial Ap- 
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ARTICLE 330 — METAL-CLAD CABLE: TYPE MC 


330.23 


plications, includes installation information and testing cri¬ 
teria for MV cable. 

328.80 Ampacity. The ampacity of Type MV cable shall 
be determined in accordance with 310.60. The ampacity of 
Type MV cable installed in cable tray shall be determined 
in accordance with 392.80(B). 

III. Construction Specifications 

328.100 Construction. Type MV cables shall have copper, 
aluminum, or copper-clad aluminum conductors and shall 
comply with Table 310.104(C) and Table 310.104(D) or 
Table 310.104(E). 


(11) In wet locations where a corrosion resistant jacket is 
provided over the metallic covering and any of the 
following conditions are met: [ROP 7-27] 

a. The metallic covering is impervious to moisture. 

b. A jacket resistant to moisture is provided under the 
metal covering. [ROP 7-27, ROP 7-26a] 

c. The insulated conductors under the metallic cover¬ 
ing are listed for use in wet locations. [ROP 7-27, 
ROP 7-26a] 

(12) Where single-conductor cables are used, all phase 
conductors and, where used, the grounded conductor 
shall be grouped together to minimize induced voltage 
on the sheath. 


metal 


328.120 Marking. Medium voltage cable shall be marked 
as required by 310.120. 


ARTICLE 330 
Metal-Clad Cable: Type MC 

I. General 

330.1 Scope. This article covers the use, installatio 
construction specifications of metal-clad cable. Type 

330.2 Definition. 

Metal Clad Cable, Type MC. A f: 

or more insulated circuit conductors 
fiber members enclosed in 
tape, or a smooth or co: 

II. Installation 

330.10 Uses Permitted. 

(A) General Uses. Type MC cable shall be permitted as 
follows: 

(1) For services, feeders, and branch circuits. 

(2) For power, lighting, control, and signal circuits. 

(3) Indoors or outdoors. 

(4) Exposed or concealed. 

(5) To be direct buried where identified for such use. 

(6) In cable tray where identified for such use. 

(7) In any raceway. 

(8) As aerial cable on a messenger. 

(9) In hazardous (classified) locations where specifically 
permitted by other articles in this Code. 

(10) In dry locations and embedded in plaster finish on 
brick or other masonry except in damp or wet loca¬ 
tions. 



installed in 
and 

330.10i 


(B) Specific Uses. Type MC cable shall be permitted to be 
fiance with Parts II and III of Article 725 
as applicable and in accordance with 
rough (B)(4). 

e MC cable installed in cable tray shall 
392.12, 392.18, 392.20, 392.22, 
392.60(C), and 392.80. 

ect Buried. Direct-buried cable shall comply with 
or 300.50, as appropriate. 

lied as Service-Entrance Cable. Type MC cable 
as service-entrance cable shall be permitted in ac- 
nce with 230.43. 

(4) Installed Outside of Buildings or Structures or as 
Aerial Cable. Type MC cable installed outside of buildings 
or structures or as aerial cable shall comply with 225.10, 
396.10, and 396.12. 



Informational Note: 
inclusive list. 


The “Uses Permitted” is not an all- 


330.12 Uses Not Permitted. Type MC cable shall not be 
used under either of the following conditions: 

(1) Where subject to physical damage 

(2) Where exposed to any of the destructive corrosive con¬ 
ditions in (a) or (b), unless the metallic sheath or armor 
is resistant to the conditions or is protected by material 
resistant to the conditions: 

a. Direct buried in the earth or embedded in concrete 
unless identified for direct burial 

b. Exposed to cinder fills, strong chlorides, caustic al¬ 
kalis, or vapors of chlorine or of hydrochloric acids 

330.17 Through or Parallel to Framing Members. Type 
MC cable shall be protected in accordance with 300.4(A), 
(C), and (D) where installed through or parallel to framing 
members. 

330.23 In Accessible Attics. The installation of Type MC 
cable in accessible attics or roof spaces shall also comply 
with 320.23. 
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330.24 


ARTICLE 330 — METAL-CLAD CABLE: TYPE MC 


330.24 Bending Radius. Bends in Type MC cable shall be 
so made that the cable will not be damaged. The radius of 
the curve of the inner edge of any bend shall not be less 
than required in 330.24(A) through (C). 

(A) Smooth Sheath. 

(1) Ten times the external diameter of the metallic sheath 
for cable not more than 19 mm (% in.) in external 
diameter 

(2) Twelve times the external diameter of the metallic 
sheath for cable more than 19 mm (% in.) but not more 
than 38 mm (1 x h in.) in external diameter 

(3) Fifteen times the external diameter of the metallic 
sheath for cable more than 38 mm (IV 2 in.) in external 
diameter 

(B) Interlocked-Type Armor or Corrugated Sheath. 

Seven times the external diameter of the metallic sheath. 

(C) Shielded Conductors. Twelve times the overall diam¬ 
eter of one of the individual conductors or seven times the 
overall diameter of the multiconductor cable, whichever is 
greater. 

330.30 Securing and Supporting. 

(A) General. Type MC cable shall be supported and se¬ 
cured by staples, cable ties, straps, hangers, or similar fit¬ 
tings or other approved means designed and installed so as 
not to damage the cable. 

(B) Securing. Unless otherwise provided, cables shall be 
secured at intervals not exceeding 
taining four or fewer conductoo®fizcd no larger 
AWG shall be secured within 300 mm (12 in.) of 
box, cabinet, fitting, or other cable termination. 

(C) Supporting. Unless otherwise provided/cables shall 
be supported at intervals not exceeding 1.8 m (6 ft). 

Horizontal runs of Type MC cable installed in wooden 
or metal framing members or similar supporting means 
shall be considered supported and secured where such sup¬ 
port does not exceed 1.8-m (6-ft) intervals. 



(3) Is Type MC of the interlocked armor type in lengths 
not exceeding 900 mm (3 ft) from the last point where 
it is securely fastened and is used to connect equipment 
where flexibility is necessary to minimize the transmis¬ 
sion of vibration from equipment or to provide flexibil¬ 
ity for equipment that requires movement after instal¬ 
lation. [ROP 7-31] 

330.31 Single Conductors. Where single-conductor cables 
with a nonferrous armor or sheath are used, the installation 
shall comply with 300.20. 

330.40 Boxes and Fittings. Fittings used for connecting 
Type MC cable to boxes, cabinets, or other equipment shall 
be listed and identified for such use. 

330.80 Ampacity. The ampacity of Type MC cable shall 
be determined in accordance with 310.15 or 310.60 for 14 
AWG and larger contactors and in accordance with Table 
402.5 for 18 AWG and|16 AWG conductors. The installa¬ 
tion shall not exceed the temperature ratings of termina¬ 
tions and equipfnent. 

(A) Type MC Cable Installed in Cable Tray. The am¬ 
pacities for Type MC cable installed in cable tray shall be 
pined in accordance with 392.80. 

ype MC Conductors Grouped Together. 

single Type MC conductors are grouped together in 
triangular or square configuration and installed on a mes- 
riger or exposed with a maintained free airspace of not 
'less than 2.15 times one conductor diameter (2.15 x O.D.) 
of the largest conductor contained within the configuration 
and adjacent conductor configurations or cables, the ampac¬ 
ity of the conductors shall not exceed the allowable am¬ 
pacities in the following tables: 

(1) Table 310.15(B)(20) for conductors rated 0 through 
2000 volts 

(2) Table 310.60(0(67) and Table 310.60(0(68) for con¬ 
ductors rated over 2000 volts 


III. Construction Specifications 


(D) Unsupported Cables. Type MC cable shall be permit¬ 
ted to be unsupported where the cable: 

(1) Is fished between access points through concealed 
spaces in finished buildings or structures and support¬ 
ing is impractical; or 

(2) Is not more than 1.8 m (6 ft) in length from the last 
point of cable support to the point of connection to 
luminaires or other electrical equipment and the cable 
and point of connection are within an accessible ceil¬ 
ing. For the purpose of this section, Type MC cable 
fittings shall be permitted as a means of cable support. 


330.104 Conductors. Conductors shall be of copper, alu¬ 
minum, copper-clad aluminum, nickel or nickel-coated 
copper, solid or stranded. The minimum conductor size 
shall be 18 AWG copper, nickel or nickel-coated copper, or 
12 AWG aluminum or copper-clad aluminum. 

330.108 Equipment Grounding Conductor. Where Type 
MC cable is used to provide an equipment grounding con¬ 
ductor, it shall comply with 250.118(10) and 250.122. 

330.112 Insulation. Insulated conductors shall comply 
with 330.112(A) or (B). 
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ARTICLE 332 — MINERAL-INSULATED, METAL-SHEATHED CABLE: TYPE MI 


332.30 


(A) 1000 Volts or Less. Insulated conductors in sizes 18 
AWG and 16 AWG shall be of a type listed in Table 402.3, 
with a maximum operating temperature not less than 90°C 
(194°F) and as permitted by 725.49. Conductors larger than 
16 AWG shall be of a type listed in Table 310.104(A) or of 
a type identified for use in Type MC cable. [ROP 7-34] 

(B) Over 1000 Volts. Insulated conductors shall be of a 
type listed in Table 310.104(B) and Table 310.104(C). 

[ROP 7-34] 


(6) Where embedded in plaster, concrete, fill, or other 
masonry, whether above or below grade 

(7) In hazardous (classified) locations where specifically 
permitted by other articles in this Code 

(8) Where exposed to oil and gasoline 

(9) Where exposed to corrosive conditions not deteriorat¬ 
ing to its sheath 

(10) In underground runs where suitably protected against 
physical damage and corrosive conditions 


330.116 Sheath. Metallic covering shall be one of the fol¬ 
lowing types: smooth metallic sheath, corrugated metallic 
sheath, interlocking metal tape armor. The metallic sheath 
shall be continuous and close fitting. A nonmagnetic sheath 
or armor shall be used on single conductor Type MC. 
Supplemental protection of an outer covering of corrosion- 
resistant material shall be permitted and shall be required 
where such protection is needed. The sheath shall not be 
used as a current-carrying conductor. 


Informational Note: 
corrosion. 


See 300.6 for protection against 


ARTICLE 332 
Mineral-Insulated, Metal- 
Cable: Type 


I. General 

332.1 Scope. This articlj 
construction specificat 1 
sheathed cable. Type MI. 

332.2 Definition. 



ation, and 
bsulated, metal- 


(11) In or attached to cable tray 

Informational Note: The “Uses Permitted” is not an all- 
inclusive list. 

332.12 Uses Not Permitted. Type MI cable shall not be 
used under following conditions or in the following 
locations ^ 

iund runs unless protected from physical 
affnage, where necessary 

Where exposed to conditions that are destructive and 
corrosive to the metallic sheath, unless additional pro- 
on is provided 

Through or Parallel to Framing Members. Type 
shall be protected in accordance with 300.4 where 
through or parallel to framing members. 

332.24 Bending Radius. Bends in Type MI cable shall be 
so made that the cable will not be damaged. The radius of 
the inner edge of any bend shall not be less than required as 
follows: 

(1) Five times the external diameter of the metallic sheath 
for cable not more than 19 mm (% in.) in external 
diameter 

(2) Ten times the external diameter of the metallic sheath 
for cable greater than 19 mm (% in.) but not more than 
25 mm (1 in.) in external diameter 


Mineral-Insulated, Metal-Sheathed Cable, Type MI. A 

factory assembly of one or more conductors insulated with 
a highly compressed refractory mineral insulation and en¬ 
closed in a liquidtight and gastight continuous copper or 
alloy steel sheath. 

II. Installation 

332.10 Uses Permitted. Type MI cable shall be permitted 
as follows: 

(1) For services, feeders, and branch circuits 

(2) For power, lighting, control, and signal circuits 

(3) In dry, wet, or continuously moist locations 

(4) Indoors or outdoors 

(5) Where exposed or concealed 


332.30 Securing and Supporting. Type MI cable shall be 
supported and secured by staples, straps, hangers, or similar 
fittings, designed and installed so as not to damage the 
cable, at intervals not exceeding 1.8 m (6 ft). 

(A) Horizontal Runs Through Holes and Notches. In 

other than vertical runs, cables installed in accordance with 
300.4 shall be considered supported and secured where 
such support does not exceed 1.8 m (6 ft) intervals. 

(B) Unsupported Cable. Type MI cable shall be permitted 
to be unsupported where the cable is fished between access 
points through concealed spaces in finished buildings or 
structures and supporting is impracticable. 

(C) Cable Trays. All MI cable installed in cable trays 
shall comply with 392.30(A). 
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ARTICLE 334 — NONMETALLIC-SHEATHED CABLE: TYPES NM, NMC, AND NMS 


332.31 Single Conductors. Where single-conductor cables 
are used, all phase conductors and, where used, the neutral 
conductor shall be grouped together to minimize induced 
voltage on the sheath. 

332.40 Boxes and Fittings. 

(A) Fittings. Fittings used for connecting Type MI cable to 
boxes, cabinets, or other equipment shall be identified for 
such use. 

(B) Terminal Seals. Where Type MI cable terminates, an 
end seal fitting shall be installed immediately after stripping 
to prevent the entrance of moisture into the insulation. The 
conductors extending beyond the sheath shall be individu¬ 
ally provided with an insulating material. 

332.80 Ampacity. The ampacity of Type MI cable shall be 
determined in accordance with 310.15. The conductor tem¬ 
perature at the end seal fitting shall not exceed the tempera¬ 
ture rating of the listed end seal fitting, and the installation 
shall not exceed the temperature ratings of terminations or 
equipment. 

(A) Type MI Cable Installed in Cable Tray. The ampaci¬ 
ties for Type MI cable installed in cable tray shall be deter¬ 
mined in accordance with 392.80(A). 

(B) Single Type MI Conductors Grouped Toget her. 

Where single Type MI conductors are grouped together in a 
triangular or square configuration, as requirqdOBy 332.3 
and installed on a messenger or exposed with a maini 
free air space of not less than 2.15 times onevqqiiduc 
diameter (2.15 x O.D.) of the largest conductor contained 
within the configuration and adjac«rconductor configura¬ 
tions or cables, the ampacity 7 of the conduct!* shalllnot 
exceed the allowable ampacitie ^p^ Table 310.15(B)(17). 

III. Construction Specifications 

332.104 Conductors. Type MI cable conductors shall be 
of solid copper, nickel, or nickel-coated copper with a re¬ 
sistance corresponding to standard AWG and kcmil sizes. 

332.108 Equipment Grounding Conductor. Where the 
outer sheath is made of copper, it shall provide an adequate 
path to serve as an equipment grounding conductor. Where 
the outer sheath is made of steel, a separate equipment 
grounding conductor shall be provided. 

332.112 Insulation. The conductor insulation in Type MI 
cable shall be a highly compressed refractory mineral that 
provides proper spacing for all conductors. 

332.116 Sheath. The outer sheath shall be of a continuous 
construction to provide mechanical protection and moisture 
seal. 


ARTICLE 334 

Nonmetallic-Sheathed Cable: Types NM, 
NMC, and NMS 

I. General 

334.1 Scope. This article covers the use, installation, and 
construction specifications of nonmetallic-sheathed cable. 

334.2 Definitions. 

Nonmetallic-Sheathed Cable. A factory assembly of two 
or more insulated conductors enclosed within an overall 
nonmetallic jacket. 

Type NM. Insulated conductors enclosed within an overall 
nonmetallic jacket. 

Type NM 1C. Insulated conductors enclosed within an over¬ 
all, ^^rosion resistant, nonmetallic jacket. 

Type NMS. Insulated power or control conductors with 
signaling, data, and communications conductors within an 
overall nonmetallic jacket. 

. Type NM, Type NMC, and Type NMS 
lies shall be listed. 

Installation 

334.10 Uses Permitted. Type NM, Type NMC, and Type 
NMS cables shall be permitted to be used in the following, 
except as prohibited in 334.12: [ROP 7-37] 

(1) One- and two-family dwellings and their attached or 
detached garages, and their storage buildings. 

(2) Multifamily dwellings permitted to be of Types III, IV, 
and V construction. [ROP 7-37] 

(3) Other structures permitted to be of Types III, IV, and V 
construction. Cables shall be concealed within walls, 
floors, or ceilings that provide a thermal barrier of ma¬ 
terial that has at least a 15-minute finish rating as iden¬ 
tified in listings of fire-rated assemblies. [ROP 7-37] 

Informational Note No. 1: Types of building construction 
and occupancy classifications are defined in NFPA 220- 
2009, Standard on Types of Building Construction, or the 
applicable building code, or both. 

Informational Note No. 2: See Informative Annex E for 
determination of building types [NFPA 220, Table 3-1]. 

(4) Cable trays in structures permitted to be Types III, IV, 
or V where the cables are identified for the use. 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 
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ARTICLE 334 — NONMF.T AT I JC-SHF.ATHF.D CABLE: TYPES NM, NMC, AND NMS 


334.17 


(5) Types I and II construction where installed within race¬ 
ways permitted to be installed in Types I and II 
construction. 

(A) Type NM. Type NM cable shall be permitted as fol¬ 
lows: 

(1) For both exposed and concealed work in normally dry 
locations except as prohibited in 334.10(3) 

(2) To be installed or fished in air voids in masonry block 
or tile walls 


(2) Where embedded in masonry, concrete, adobe, fill, or 
plaster 

(3) In a shallow chase in masonry, concrete, or adobe and 
covered with plaster, adobe, or similar finish 

(4) In wet or damp locations 

334.15 Exposed Work. In exposed work, except as pro¬ 
vided in 300.11(A), cable shall be installed as specified in 
334.15(A) through (C). 


(B) Type NMC. Type NMC cable shall be permitted as 
follows: 

(1) For both exposed and concealed work in dry, moist, 
damp, or corrosive locations, except as prohibited by 
334.10(3) 

(2) In outside and inside walls of masonry block or tile 

(3) In a shallow chase in masonry, concrete, or adobe pro¬ 
tected against nails or screws by a steel plate at least 
1.59 mm ( Vi6 in.) thick and covered with plaster, 
adobe, or similar finish 

(C) Type NMS. Type NMS cable shall be permitted as 
follows: 

(1) For both exposed and concealed work in normal! 
locations except as prohibited by 334.10(3) 

(2) To be installed or fished in air voids in rn^onry 
or tile walls 

334.12 Uses Not Permitted. 

(A) Types NM, NMC, and NMg^Type^NM, MMC, and 
NMS cables shall not be permitted as follows: 

(1) In any dwelling or juncture not sped fically^pcrmitted 
in 334.10(1), (2), (^^nd (5) [ROP7-37] 

(2) Exposed in dropped or suspended ceilings in other 
than one- and two-family'antivmttltifamily dwellings 

(3) As service-entrance cable 

(4) In commercial garages having hazardous (classified) 
locations as defined in 511.3 

(5) In theaters and similar locations, except where permit¬ 
ted in 518.4(B) 

(6) In motion picture studios 

(7) In storage battery rooms 

(8) In hoistways or on elevators or escalators 

(9) Embedded in poured cement, concrete, or aggregate 

(10) In hazardous (classified) locations, except where spe¬ 
cifically permitted by other articles in this Code. 

(B) Types NM and NMS. Types NM and NMS cables 
shall not be used under the following conditions or in the 
following locations: 

(1) Where exposed to corrosive fumes or vapors 



(A) To Follow Surface. Cable shall closely follow the sur¬ 
face of the building finish or of running boards. 

(B) Protection from Physical Damage. Cable shall be 
protected fronvphysical damage where necessary by rigid 
metal conduit, intermediate metal conduit, electrical metal¬ 
lic tubing, Schedule 80 PVC conduit, Type RTRC marked 
with the suffix -XW, or other approved means. Where pass- 

ough a^Bpr, the cable shall be enclosed in rigid 
conduit, intermediate metal conduit, electrical metal- 
Schedule m) PVC conduit, Type RTRC marked 
suffix -XW, or other approved means extending at 
50 mm (6 in.) above the floor. 

NMC cable installed in shallow chases or grooves 
y, concrete, or adobe shall be protected in accor- 
with the requirements in 300.4(F) and covered with 
Er, adobe, or similar finish. 

(C) In Unfinished Basements and Crawl Spaces. Where 
cable is run at angles with joists in unfinished basements 
and crawl spaces, it shall be permissible to secure cables 
not smaller than two 6 AWG or three 8 AWG conductors 
directly to the lower edges of the joists. Smaller cables 
shall be run either through bored holes in joists or on run¬ 
ning boards. Nonmetallic-sheathed cable installed on the 
wall of an unfinished basement shall be permitted to be 
installed in a listed conduit or tubing or shall be protected 
in accordance with 300.4. Conduit or tubing shall be pro¬ 
vided with a suitable insulating bushing or adapter at the 
point the cable enters the raceway. The sheath of the 
nonmetallic-sheathed cable shall extend through the con¬ 
duit or tubing and into the outlet or device box not less than 
6 mm (Vi in.). The cable shall be secured within 300 mm 
(12 in.) of the point where the cable enters the conduit or 
tubing. Metal conduit, tubing, and metal outlet boxes shall 
be connected to an equipment grounding conductor com¬ 
plying with the provisions of 250.86 and 250.148. 

334.17 Through or Parallel to Framing Members. Types 
NM, NMC, or NMS cable shall be protected in accordance 
with 300.4 where installed through or parallel to framing 
members. Grommets used as required in 300.4(B)(1) shall 
remain in place and be listed for the purpose of cable pro¬ 
tection. 
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ARTICLE 334 — NONMETALLIC-SHEATHED CABLE: TYPES NM, NMC, AND NMS 


334.23 In Accessible Attics. The installation of cable in 
accessible attics or roof spaces shall also comply with 
320.23. 

334.24 Bending Radius. Bends in Types NM, NMC, and 
NMS cable shall be so made that the cable will not be 
damaged. The radius of the curve of the inner edge of any 
bend during or after installation shall not be less than five 
times the diameter of the cable. 

334.30 Securing and Supporting. Nonmetallic-sheathed 
cable shall be supported and secured by staples, cable ties, 
straps, hangers, or similar fittings designed and installed so 
as not to damage the cable, at intervals not exceeding 1.4 m 
(4'/2 ft) and within 300 mm (12 in.) of every outlet box, 
junction box, cabinet, or fitting. Flat cables shall not be 
stapled on edge. 

Sections of cable protected from physical damage by 
raceway shall not be required to be secured within the race¬ 
way. 

(A) Horizontal Runs Through Holes and Notches. In 

other than vertical runs, cables installed in accordance with 
300.4 shall be considered to be supported and secured 
where such support does not exceed 1.4-m intervals 

and the nonmetallic-sheathed cable is securely fastened in’ 
place by an approved means within 300 mm (12 in.) of 
each box, cabinet, conduit body, or other non meta llic 
sheathed cable termination. 

Informational Note: See 314.17(C) for suppi 
metallic boxes are used. 

(B) Unsupported Cables. Nonmg 
shall be permitted to be unsupported where tl 

(1) Is fished between access/points througl 
spaces in finished buildings TJOfructures a| 
ing is impracticable. 

(2) Is not more than 1.4 m (41/2 ft) from the last point of 
cable support to the point of connection to a luminaire 
or other piece of electrical equipment and the cable and 
point of connection are within an accessible ceiling. 



(B) Devices of Insulating Material. Self-contained 
switches, self-contained receptacles, and nonmetallic- 
sheathed cable interconnector devices of insulating material 
that are listed shall be permitted to be used without boxes 
in exposed cable wiring and for repair wiring in existing 
buildings where the cable is concealed. Openings in such 
devices shall form a close fit around the outer covering of 
the cable, and the device shall fully enclose the part of the 
cable from which any part of the covering has been re¬ 
moved. Where connections to conductors are by binding- 
screw terminals, there shall be available as many terminals 
as conductors. [ROP 7-49, 7-50, 7-51] 

(C) Devices with Integral Enclosures. Wiring devices 
with integral enclosures identified for such use shall be 
permitted as provided by 300.15(E). 

334.80 Ampacity. The ampacity of Types NM, NMC, and 
NMS cable «hall be determined in accordance with 310.15. 

le ampacRf shall not exceed that of a 60°C 
cited conductor. The 90°C (194°F) rating shall be 
used for ampacity adjustment and correc- 
, provided the final derated ampacity does 
that of a 60°C (140°F) rated conductor. The 
pes NM, NMC, and NMS cable installed in 
11 be determined in accordance with 

here more than two NM cables containing two or 
ore current-carrying conductors are installed, without 
jntaining spacing between the cables, through the same 
ening in wood framing that is to be sealed with thermal 
insulation, caulk, or sealing foam, the allowable ampacity 
of each conductor shall be adjusted in accordance with 
Table 310.15(B)(3)(a) and the provisions of 310.15(A)(2), 
Exception, shall not apply. 

Where more than two NM cables containing two or 
more current-carrying conductors are installed in contact 
with thermal insulation without maintaining spacing be¬ 
tween cables, the allowable ampacity of each conductor 
shall be adjusted in accordance with Table 310.15(B)(3)(a). 



(C) Wiring Device Without a Separate Outlet Box. A 

wiring device identified for the use, without a separate out¬ 
let box, and incorporating an integral cable clamp shall be 
permitted where the cable is secured in place at intervals 
not exceeding 1.4 m (4'/2 ft) and within 300 mm (12 in.) 
from the wiring device wall opening, and there shall be at 
least a 300 mm (12 in.) loop of unbroken cable or 150 mm 
(6 in.) of a cable end available on the interior side of the 
finished wall to permit replacement. 

334.40 Boxes and Fittings. 

(A) Boxes of Insulating Material. Nonmetallic outlet 
boxes shall be permitted as provided by 314.3. 


III. Construction Specifications 

334.100 Construction. The outer cable sheath of 
nonmetallic-sheathed cable shall be a nonmetallic material. 

334.104 Conductors. The 600-volt insulated conductors 
shall be sizes 14 AWG through 2 AWG copper conductors 
or sizes 12 AWG through 2 AWG aluminum or copper-clad 
aluminum conductors. The communications conductors 
shall comply with Part V of Article 800. 

334.108 Equipment Grounding Conductor. In addition 
to the insulated conductors, the cable shall have an insu¬ 
lated, covered, or bare equipment grounding conductor. 
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336.24 


334.112 Insulation. The insulated power conductors shall 
be one of the types listed in Table 310.104(A) that are 
suitable for branch-circuit wiring or one that is identified 
for use in these cables. Conductor insulation shall be rated 
at 90°C (194°F). 

Informational Note: Types NM, NMC, and NMS cable 
identified by the markings NM-B, NMC-B. and NMS-B 
meet this requirement. 

334.116 Sheath. The outer sheath of nonmetallic-sheathed 
cable shall comply with 334.116(A), (B), and (C). 

(A) Type NM. The overall covering shall be flame retar¬ 
dant and moisture resistant. 

(B) Type NMC. The overall covering shall be flame retar¬ 
dant, moisture resistant, fungus resistant, and corrosion re¬ 
sistant. 

(C) Type NMS. The overall covering shall be flame retar¬ 
dant and moisture resistant. The sheath shall be applied so 
as to separate the power conductors from the communica¬ 
tions conductors. 


ARTICLE 336 
Power and Control Tray Cabl 



I. General 

336.1 Scope. This article covers the us^Mstallation, and 
construction specifications ^or power and controljray cable. 
Type TC. 

336.2 Definition. 

Power and Control Tray Cable, Type TC. A factory as¬ 
sembly of two or more insulated conductors, with or with¬ 
out associated bare or covered grounding conductors, under 
a nonmetallic jacket. 


(7) In industrial establishments where the conditions of 
maintenance and supervision ensure that only qualified 
persons service the installation, and where the cable is 
continuously supported and protected against physical 
damage using mechanical protection, such as struts, 
angles, or channels, Type TC tray cable that complies 
with the crush and impact requirements of Type MC 
cable and is identified for such use with the marking 
Type TC-ER shall be permitted between a cable tray 
and the utilization equipment or device. The cable shall 
be secured at intervals not exceeding 1.8 m (6 ft). 
Equipment grounding for the utilization equipment 
shall be provided by an equipment grounding conduc¬ 
tor within the cable. In cables containing conductors 
sized 6 AMI or smaller, the equipment grounding con- 
ductor shall be provided within the cable or, at the time 
of installation, one or more insulated conductors shall 

permanently identified as an equipment grounding 
nductor in accordance with 250.119(B). 

'xceptian: Where subject to physical damage, Type 
TC-FJffenrill be permitted to transition between cable trays 
etween cable trays and utilization equipment or de¬ 
vices for a distance not to exceed 1.8 m (6 ft) without 
continuous support. The cable shall be mechanically sup- 
where exiting the cable tray to ensure that the mini¬ 
mum bending radius is not exceeded. 

(8) Where installed in wet locations, Type TC cable shall 
also be resistant to moisture and corrosive agents. 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 

336.12 Uses Not Permitted. Type TC tray cable shall not 

be installed or used as follows: 

(1) Installed where it will be exposed to physical damage 

(2) Installed outside a raceway or cable tray system, except 
as permitted in 336.10(4) and 336.10(7) 

(3) Used where exposed to direct rays of the sun, unless 
identified as sunlight resistant 

(4) Direct buried, unless identified for such use 


II. Installation 

336.10 Uses Permitted. Type TC cable shall be permitted 
to be used as follows: 

(1) For power, lighting, control, and signal circuits. 

(2) In cable trays. 

(3) In raceways. 

(4) In outdoor locations supported by a messenger wire. 

(5) For Class 1 circuits as permitted in Parts II and III of 
Article 725. 

(6) For non-power-limited fire alarm circuits if conductors 
comply with the requirements of 760.49. 


336.24 Bending Radius. Bends in Type TC cable shall be 
made so as not to damage the cable. For Type TC cable 
without metal shielding, the minimum bending radius shall 
be as follows: 

(1) Four times the overall diameter for cables 25 mm 
(1 in.) or less in diameter 

(2) Five times the overall diameter for cables larger than 
25 mm (1 in.) but not more than 50 mm (2 in.) in 
diameter 

(3) Six times the overall diameter for cables larger than 50 
mm (2 in.) in diameter 
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ARTICLE 338 — SERVICE-ENTRANCE CABLE: TYPES SE AND USE 


Type TC cables with metallic shielding shall have a 
minimum bending radius of not less than 12 times the cable 
overall diameter. 

336.80 Ampacity. The ampacity of Type TC tray cable 
shall be determined in accordance with 392.80(A) for 14 
AWG and larger conductors, in accordance with 402.5 for 
18 AWG through 16 AWG conductors where installed in 
cable tray, and in accordance with 310.15 where installed in 
a raceway or as messenger-supported wiring. 

III. Construction Specifications 


338.2 Definitions. 

Service-Entrance Cable. A single conductor or multicon¬ 
ductor assembly provided with or without an overall cov¬ 
ering, primarily used for services, and of the following 
types: 

Type SE. Service-entrance cable having a flame-retardant, 
moisture-resistant covering. 

Type USE. Service-entrance cable, identified for under¬ 
ground use, having a moisture-resistant covering, but not 
required to have a flame-retardant covering. 


336.100 Construction. A metallic sheath or armor as de¬ 
fined in 330.116 shall not be permitted either under or over 
the nonmetallic jacket. Metallic shield(s) shall be permitted 
over groups of conductors, under the outer jacket, or both. 

336.104 Conductors. The insulated conductors of Type 
TC cables shall be in sizes 18 AWG to 1000 kcmil copper, 
nickel, or nickel-coated copper, and sizes 12 AWG through 
1000 kcmil aluminum or copper-clad aluminum. Insulated 
conductors of sizes 14 AWG, and larger copper, nickel, or 
nickel-coated copper, and sizes 12 AWG through 1000 kc¬ 
mil aluminum or copper-clad aluminum shall be one of the 
types listed in Table 310.104(A) or Table 310.104(B) that is 
suitable for branch circuit and feeder circuits or one that is 
identified for such use. 

(A) Fire Alarm Systems. Where used for lire alarm 
terns, conductors shall also be in accordance with 760.49 

(B) Thermocouple Circuits. Conductors in Tf^JPEable" 
used for thermocouple circuits in accordance with Part III 
of Article 725 shall also be permmed td^be an^ig^the 
materials used for thermocouple extension win 


(C) Class 1 Circuit Conductor;? 

18 AWG and 16 AWG copper shall' 1 
with 725.49. 


sulated conductors of 
beJIkwiccordance 


336.116 Jacket. The outer jacket shall be a flame- 
retardant, nonmetallic material. 

336.120 Marking. There shall be no voltage marking on a 
Type TC cable employing thermocouple extension wire. 


II. Installation 
338.10 Uses Permitted. 


(A) Service- 
cable shall 
ductors am 
230.7, aji#Parts II, 


anch Circuits or Feeders. 




ce Conductors. Service-entrance 
ed to be used as service-entrance con- 
stalled in accordance with 230.6, 
IV of Article 230. 


(1) Grounded Conductor Insulated. Type SE service- 
entrance cables shall be permitted in wiring systems where 
of the circuit conductors of the cable are of the thermo- 
thermoplastic type. 

Jse oF Uninsulated Conductor. Type SE service- 
atrance cable shall be permitted for use where the insu- 
ed conductors are used for circuit wiring and the uninsu¬ 
red conductor is used only for equipment grounding 
purposes. 

Exception: In existing installations, uninsulated conduc¬ 
tors shall be permitted as a grounded conductor in accor¬ 
dance with 250.32 and 250.140, where the uninsulated 
grounded conductor of the cable originates in service 
equipment, and with 225.30 through 225.40. 

(3) Temperature Fimitations. Type SE service-entrance 
cable used to supply appliances shall not be subject to con¬ 
ductor temperatures in excess of the temperature specified 
for the type of insulation involved. 

(4) Installation Methods for Branch Circuits and Feed¬ 
ers. 


ARTICLE 338 

Service-Entrance Cable: Types SE and 
USE 


I. General 

338.1 Scope. This article covers the use, installation, and 
construction specifications of service-entrance cable. 


(a) Interior Installations. In addition to the provisions 
of this article, Type SE service-entrance cable used for in¬ 
terior wiring shall comply with the installation require¬ 
ments of Part II of Article 334, excluding 334.80. 

Where installed in thermal insulation, the ampacity shall be 
in accordance with the 60°C (140°F) conductor temperature 
rating. The maximum conductor temperature rating shall be 
permitted to be used for ampacity adjustment and correc¬ 
tion purposes, if the final derated ampacity does not exceed 
that for a 60°C (140°F) rated conductor. 
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ARTICLE 340 — UNDERGROUND FEEDER AND BRANCH-CIRCUIT CABLE: TYPE UF 


340.10 


Informational Note No. 1: See 310.15(A)(3) for tempera¬ 
ture limitation of conductors. 

Informational Note No. 2: For the installation of main 
power feeder conductors in dwelling units refer to 
310.15(B)(7). 

(b) Exterior Installations. In addition to the provisions 
of this article, service-entrance cable used for feeders or 
branch circuits, where installed as exterior wiring, shall be 
installed in accordance with Part I of Article 225. The cable 
shall be supported in accordance with 334.30. Type USE 
cable installed as underground feeder and branch circuit 
cable shall comply with Part II of Article 340. 


These constructions shall not require an outer overall cov¬ 
ering. 

Informational Note: See 230.41, Exception, item (2), for 
directly buried, uninsulated service-entrance conductors. 

Type SE or USE cable containing two or more conduc¬ 
tors shall be permitted to have one conductor uninsulated. 

338.120 Marking. Service-entrance cable shall be marked 
as required in 310.120. Cable with the neutral conductor 
smaller than the ungrounded conductors shall be so 
marked. 


338.12 Uses Not Permitted. 


(A) Service-Entrance Cable. Service-entrance cable (SE) 

shall not be used under the following conditions or in the 

following locations: 

(1) Where subject to physical damage unless protected in 
accordance with 230.50(B) 

(2) Underground with or without a raceway 

(3) For exterior branch circuits and feeder wiring unless 
the installation complies with the provisions of Part I of 
Article 225 and is supported in accordance with 
or is used as messenger-supported wiring as pei 
in Part II of Article 396 

(B) Underground Service-Entrance Cable. 

service-entrance cable (USE) shall not be r use 

following conditions or in the following locati 

(1) For interior wiring 

(2) For aboveground installations except "^hi 
emerges from the ground and isra^aainati 
sure at an outdoor location and the cable 
accordance with 300.5(D) 

(3) As aerial cable unless it ft a multiconductor 
tified for use aboveground and installed as 
supported wiring in accordanceWith 225.10 
of Article 396 




USE cable 
an enclo- 
’otected in 

cable iden- 
messenger- 
and Part II 


338.24 Bending Radius. Bends in Types USE and SE 
cable shall be so made that the cable will not be damaged. 
The radius of the curve of the inner edge of any bend, 
during or after installation, shall not be less than five times 
the diameter of the cable. 

III. Construction 


ARTICLE 340 
[ Feeder and Branch-Circuit 
Cable: Type UF 


Scope. This article covers the use, installation, and 
construction specifications for underground feeder and 
cuit cable. Type UF. 

340.2 Definition. 


Underground Feeder and Branch-Circuit Cable, Type 

UF. A factory assembly of one or more insulated conduc¬ 
tors with an integral or an overall covering of nonmetallic 
material suitable for direct burial in the earth. 

340.6 Listing Requirements. Type UF cable shall be 
listed. 


II. Installation 

340.10 Uses Permitted. Type UF cable shall be permitted 

as follows: 

(1) For use underground, including direct burial in the 
earth. For underground requirements, see 300.5. 

(2) As single-conductor cables. Where installed as single¬ 
conductor cables, all conductors of the feeder grounded 
conductor or branch circuit, including the grounded 
conductor and equipment grounding conductor, if any, 
shall be installed in accordance with 300.3. 


338.100 Construction. Cabled, single-conductor, Type 
USE constructions recognized for underground use shall be 
permitted to have a bare copper conductor cabled with the 
assembly. Type USE single, parallel, or cabled conductor 
assemblies recognized for underground use shall be permit¬ 
ted to have a bare copper concentric conductor applied. 


(3) For wiring in wet, dry, or corrosive locations under the 
recognized wiring methods of this Code. 

(4) Installed as nonmetallic-sheathed cable. Where so in¬ 
stalled, the installation and conductor requirements 
shall comply with Parts II and III of Article 334 and 
shall be of the multiconductor type. 
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ARTICLE 342 — INTERMEDIATE METAL CONDUIT: TYPE IMC 


(5) For solar photovoltaic systems in accordance with 
690.31. 

(6) As single-conductor cables as the nonheating leads for 
heating cables as provided in 424.43. 

(7) Supported by cable trays. Type UF cable supported by 
cable trays shall be of the multiconductor type. 


tute wiring method for NM cable, the conductor insulation 
shall be rated 90°C (194°F). 

340.116 Sheath. The overall covering shall be flame retar¬ 
dant; moisture, fungus, and corrosion resistant; and suitable 
for direct burial in the earth. 


Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 


340.12 Uses Not Permitted. Type UF cable shall not be 
used as follows: 

(1) As service-entrance cable 

(2) In commercial garages 

(3) In theaters and similar locations 

(4) In motion picture studios 

(5) In storage battery rooms 

(6) In hoistways or on elevators or escalators 

(7) In hazardous (classified) locations, except as specifi¬ 
cally permitted by other articles in this Code 

(8) Embedded in poured cement, concrete, or aggregate, 
except where embedded in plaster as nonheating leads 
where permitted in 424.43 

(9) Where exposed to direct rays of the sun, unless iden-1 
tihed as sunlight resistant 

(10) Where subject to physical damage 

(11) As overhead cable, except where iftstalled^fas 
messenger-supported wiring in accordance with Part 
II of Article 396 

340.24 Bending Radius. Bends i 
so made that the cable is not 
curve of the inner edge of a up 
five times the diameter of the cab 

340.80 Ampacity. The ampacity of Type UF cable shall be 
that of 60°C (140°F) conductors in accordance with 310.15. 

III. Construction Specifications 

340.104 Conductors. The conductors shall be sizes 14 
AWG copper or 12 AWG aluminum or copper-clad alumi¬ 
num through 4/0 AWG. 

340.108 Equipment Grounding Conductor. In addition 
to the insulated conductors, the cable shall be permitted to 
have an insulated or bare equipment grounding conductor. 

340.112 Insulation. The conductors of Type UF shall be 
one of the moisture-resistant types listed in Table 
310.104(A) that is suitable for branch-circuit wiring or one 
that is identified for such use. Where installed as a substi- 


ARTICLE 342 

Intermediate Metal Conduit: Type IMC 

I. General 

342.1 Scope. This article covers the use, installation, and 
construction specifications for intermediate metal conduit 
(IMC) and associated fittings. 



nition. 



etal Conduit (IMC). A steel threadable 
raceway of circular cross section designed for the physical 
protection and routing of conductors and cables and for use 
equipment grounding conductor when installed with 
^resociated coupling and appropriate fittings. 

.6 Listing Requirements. IMC, factory elbows and 
uplings, and associated fittings shall be listed. 


II. Installation 
342.10 Uses Permitted. 

(A) All Atmospheric Conditions and Occupancies. Use 

of IMC shall be permitted under all atmospheric conditions 
and occupancies. 

(B) Corrosion Environments. IMC, elbows, couplings, 
and fittings shall be permitted to be installed in concrete, in 
direct contact with the earth, or in areas subject to severe 
corrosive influences where protected by corrosion protec¬ 
tion and judged suitable for the condition. 

(C) Cinder Fill. IMC shall be permitted to be installed in 
or under cinder fill where subject to permanent moisture 
where protected on all sides by a layer of noncinder con¬ 
crete not less than 50 mm (2 in.) thick; where the conduit is 
not less than 450 mm (18 in.) under the fill; or where 
protected by corrosion protection and judged suitable for 
the condition. 

(D) Wet Locations. All supports, bolts, straps, screws, and 
so forth, shall be of corrosion-resistant materials or pro¬ 
tected against corrosion by corrosion-resistant materials. 
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ARTICLE 342 — INTERMEDIATE METAL CONDUIT: TYPE IMC 


342.56 


Informational Note: See 300.6 for protection against 
corrosion. 

342.14 Dissimilar Metals. Where practicable, dissimilar 
metals in contact anywhere in the system shall be avoided 
to eliminate the possibility of galvanic action. 

Aluminum fittings and enclosures shall be permitted to 
be used with IMC. 

342.20 Size. 


(1) IMC shall be securely fastened within 900 mm (3 ft) of 
each outlet box, junction box, device box, cabinet, con¬ 
duit body, or other conduit termination. 

(2) Where structural members do not readily permit fasten¬ 
ing within 900 mm (3 ft), fastening shall be permitted 
to be increased to a distance of 1.5 m (5 ft). 

(3) Where approved, conduit shall not be required to be 
securely fastened within 900 mm (3 ft) of the service 
head for above-the-roof termination of a mast. 


(A) Minimum. IMC smaller than metric designator 16 
(trade size V 2 ) shall not be used. 

(B) Maximum. IMC larger than metric designator 103 
(trade size 4) shall not be used. 

Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 

342.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. Tin 
ber of cables shall not exceed the allowable percent; 
specified in Table 1, Chapter 9. 

342.24 Bends — How Made. Bends of IMC shall be 
made that the conduit will not be damaged and the intern; 
diameter of the conduit will not be effectively reduced. The 
radius of the curve of any field bend to the centerline of the 
conduit shall not be less than indicated in Table 2, Chapter 
9. 

342.26 Bends — Numbei&in One Run. There shall not be 
more than the equivalent of four quarter,bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

342.28 Reaming and Threading. All cut ends shall be 
reamed or otherwise finished to remove rough edges. 
Where conduit is threaded in the field, a standard cutting 
die with a taper of 1 in 16 (% in. taper per foot) shall be 
used. 



(B) Supports. IMC shall be supported in accordance with 
one of the following: 

(1) Conduit shall be supported at intervals not exceeding 3 
m (10 ft). 

(2) The distance between supports for straight runs of con¬ 
duit slwl be permitted in accordance with Table 
344.30(1^(2), provided the conduit is made up with 
threaded couplings and such supports prevent transmis- 

ion of stra^^s to termination where conduit is de¬ 
flected between supports. 

Exposed vertical risers from industrial machinery or 
d equipment shall be permitted to be supported at 
ntervals not exceeding 6 m (20 ft) if the conduit is 
e up with threaded couplings, the conduit is sup¬ 
ported and securely fastened at the top and bottom of 
riser, and no other means of intermediate support is 
readily available. 

(4) Horizontal runs of IMC supported by openings through 
framing members at intervals not exceeding 3 m (10 ft) 
and securely fastened within 900 mm (3 ft) of termina¬ 
tion points shall be permitted. 

342.42 Couplings and Connectors. 

(A) Threadless. Threadless couplings and connectors used 
with conduit shall be made tight. Where buried in masonry 
or concrete, they shall be the concretetight type. Where 
installed in wet locations, they shall comply with 314.15. 
Threadless couplings and connectors shall not be used on 
threaded conduit ends unless listed for the purpose. 

(B) Running Threads. Running threads shall not be used 
on conduit for connection at couplings. 


Informational Note: See ANSI/ASME B.1.20.1-1983, 
Standard for Pipe Threads, General Purpose (Inch). 

342.30 Securing and Supporting. IMC shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 342.30(A) and (B). 


342.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing shall be provided to protect the 
wires from abrasion unless the box, fitting, or enclosure is 
designed to provide such protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 AWG and larger at bushings. 


(A) Securely Fastened. IMC shall be secured in accor- 342.56 Splices and Taps. Splices and taps shall be made 
dance with one of the following: in accordance with 300.15. 
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ARTICLE 344 — RIGID METAL CONDUIT: TYPE RMC 


342.60 Grounding. IMC shall be permitted as an equip¬ 
ment grounding conductor. 

III. Construction Specifications 

342.120 Marking. Each length shall be clearly and dura¬ 
bly marked at least every 1.5 m (5 ft) with the letters IMC. 
Each length shall be marked as required in 110.21. 


contact with the earth shall be provided with approved 
supplementary corrosion protection. 

(4) Ferrous Raceways and Fittings. Ferrous raceways 
and fittings protected from corrosion solely by enamel shall 
be permitted only indoors and in occupancies not subject to 
severe corrosive influences. 

(B) Corrosive Environments. 


342.130 Standard Lengths. The standard length of IMC 
shall be 3.05 m (10 ft), including an attached coupling, and 
each end shall be threaded. Longer or shorter lengths with 
or without coupling and threaded or unthreaded shall be 
permitted. 


ARTICLE 344 

Rigid Metal Conduit: Type RMC 

I. General 

344.1 Scope. This article covers the use, installation, and 
construction specifications for rigid metal conduit (RMC)l 
and associated fittings. 

344.2 Definition. 

Rigid Metal Conduit (RMC). A threadaBte'race’ 
circular cross section designed for the physical prc 
and routing of conductors and cahl es^and for u : as an 
equipment grounding conductor when installed w i its in¬ 
tegral or associated coupling and appropriate fittijjj . [ROP 
8-47, ROP 8-48] 


344.6 Listing Requirements. B 

couplings, and associated fittings shall 

II. Installation 
344.10 Uses Permitted. 



iibows and 


(1) Galvanized Steel, Stainless Steel, and Red Brass 
RMC, Elbows, Couplings, and Fittings. Galvanized steel, 
stainless steel, and red brass RMC elbows, couplings, and 
fittings shall be permitted to be installed in concrete, in 
direct contact with the earth, or in areas subject to severe 
corrosive influences where protected by corrosion protec¬ 
tion and judged suitable for the condition. 

(2) Supplementary Protection of Aluminum RMC. Alu¬ 
minum RMC shall be provided with approved supplemen¬ 
tary corroMon protection where encased in concrete or in 
direct pfMifact with the 

(C) Cinder Fill. Galvanized steel, stainless steel, and red 
brass RMC shall be permitted to be installed in or under 
cinder fill where subject to permanent moisture where pra¬ 
ted on all skies by a layer of noncinder concrete not less 
m (2 in.) thick; where the conduit is not less than 
450 mm (18 in.) under the fill; or where protected by cor- 
ion protection and judged suitable for the condition. 

Wet Locations. All supports, bolts, straps, screws, and 
forth, shall be of corrosion-resistant materials or pro¬ 
tected against corrosion by corrosion-resistant materials. 

Informational Note: See 300.6 for protection against 
corrosion. 

344.14 Dissimilar Metals. Where practicable, dissimilar 
metals in contact anywhere in the system shall be avoided 
to eliminate the possibility of galvanic action. Aluminum 
fittings and enclosures shall be permitted to be used with 
steel RMC, and steel fittings and enclosures shall be per¬ 
mitted to be used with aluminum RMC where not subject to 
severe corrosive influences. 


(A) Atmospheric Conditions and Occupancies. 

(1) Galvanized Steel and Stainless Steel RMC. Galva¬ 
nized steel and stainless steel RMC shall be permitted un¬ 
der all atmospheric conditions and occupancies. 

(2) Red Brass RMC. Red brass RMC shall be permitted to 
be installed for direct burial and swimming pool applica¬ 
tions. 

(3) Aluminum RMC. Aluminum RMC shall be permitted 
to be installed where judged suitable for the environment. 
Rigid aluminum conduit encased in concrete or in direct 


344.20 Size. 

(A) Minimum. RMC smaller than metric designator 16 
(trade size V 2 ) shall not be used. 

Exception: For enclosing the leads of motors as permitted 
in 430.245(B). 

(B) Maximum. RMC larger than metric designator 155 
(trade size 6) shall not be used. 

Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 
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ARTICLE 344 — RIGID METAL CONDUIT: TYPE RMC 


344.60 


344.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 

344.24 Bends — How Made. Bends of RMC shall be so 
made that the conduit will not be damaged and so that the 
internal diameter of the conduit will not be effectively re¬ 
duced. The radius of the curve of any field bend to the 
centerline of the conduit shall not be less than indicated in 
Table 2, Chapter 9. 

344.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

344.28 Reaming and Threading. All cut ends shall be 
reamed or otherwise finished to remove rough edges. 
Where conduit is threaded in the field, a standard cutting 
die with a 1 in 16 taper ( 3 A in. taper per foot) shall be used. 

Informational Note: See ANSI/ASME B.1.20.1-1? 
Standard for Pipe Threads, General Purpose (Inch). 

344.30 Securing and Supporting. RMC shall be installs 
as a complete system in accordance with 300.18 and 
be securely fastened in place and supported ir 
with 344.30(A) and (B). 



secui in accor- 

49] 

900 mm (3 ft) 
be box, cabinet, 
r rmination. [ROP 


(A) Securely Fastened. R 

dance with one of the fa 

(1) RMC shall be securely fastened 
of each outlet box, jum 
conduit body, or other 

8-49] 

(2) Fastening shall be permitted to be increased to a dis¬ 
tance of 1.5 m (5 ft) where structural members do not 
readily permit fastening within 900 mm (3 ft). [ROP 
8-49] 

(3) Where approved, conduit shall not be required to be 
securely fastened within 900 mm (3 ft) of the service 
head for above-the-roof termination of a mast. [ROP 
8-49] 

(B) Supports. RMC shall be supported in accordance with 

one of the following: 

(1) Conduit shall be supported at intervals not exceeding 3 
m (10 ft). 

(2) The distance between supports for straight runs of con¬ 
duit shall be permitted in accordance with Table 
344.30(B)(2), provided the conduit is made up with 


threaded couplings and such supports prevent transmis¬ 
sion of stresses to termination where conduit is de¬ 
flected between supports. 

(3) Exposed vertical risers from industrial machinery or 
fixed equipment shall be permitted to be supported at 
intervals not exceeding 6 m (20 ft) if the conduit is 
made up with threaded couplings, the conduit is sup¬ 
ported and securely fastened at the top and bottom of 
the riser, and no other means of intermediate support is 
readily available. 

(4) Horizontal runs of RMC supported by openings 
through framing members at intervals not exceeding 3 
m (10 ft) and securely fastened within 900 mm (3 ft) of 
termination points shall be permitted. 


Table 



)(2) Supports for Rigid Metal Conduit 


Maximum Distance 
Between Rigid Metal 
Conduit Supports 



Metric 

Designator 

Trade Size 

m 

« 

16-21 

V2-3/4 

3.0 

10 


1 

3.7 

12 


II/4-II/2 

4.3 

14 


2-2% 

4.9 

16 

78 and larger 

3 and larger 

6.1 

20 


344.42 Couplings and Connectors. 

(A) Threadless. Threadless couplings and connectors used 
with conduit shall be made tight. Where buried in masonry 
or concrete, they shall be the concretetight type. Where 
installed in wet locations, they shall comply with 314.15. 
Threadless couplings and connectors shall not be used on 
threaded conduit ends unless listed for the purpose. 

(B) Running Threads. Running threads shall not be used 
on conduit for connection at couplings. 

344.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing shall be provided to protect the 
wires from abrasion unless the box, fitting, or enclosure is 
designed to provide such protection. 

Informational Note: See 300.4(G) for the protection of 
conductors sizes 4 AWG and larger at bushings. 

344.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

344.60 Grounding. RMC shall be permitted as an equip¬ 
ment grounding conductor. 
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344.100 


ARTICLE 348 — FLEXIBLE METAL CONDUIT: TYPE FMC 


III. Construction Specifications 


348.20 Size. 


344.100 Construction. RMC is made of steel (ferrous) 
with protective coatings or aluminum (nonferrous). Special 
Uses types are red brass and stainless steel. [ROP 8-52a] 

344.120 Marking. Each length shall be clearly and dura¬ 
bly identified in every 3 m (10 ft) as required in the first 
sentence of 110.21. Nonferrous conduit of corrosion- 
resistant material shall have suitable markings. 

344.130 Standard Lengths. The standard length of RMC 
shall be 3.05 m (10 ft), including an attached coupling, and 
each end shall be threaded. Longer or shorter lengths with 
or without coupling and threaded or unthreaded shall be 
permitted. 


ARTICLE 348 

Flexible Metal Conduit: Type FMC 


I. General 

348.1 Scope. This article covers the use, installation, am 
construction specifications for flexible metal conduit 
(FMC) and associated httings. 

348.2 Definition. 

Flexible Metal Conduit (FMC). A racewayyrf 
cross section made of helically wound, formed, i 
metal strip. 

348.6 Listing Requirements. M|C and associated fittings 
shall be listed. 


II. Installation 

348.10 Uses Permitted. FMC shall be permitted to be 

used in exposed and concealed locations. 

348.12 Uses Not Permitted. FMC shall not be used in the 

following: 

(1) In wet locations 

(2) In hoistways, other than as permitted in 620.21(A)(1) 

(3) In storage battery rooms 

(4) In any hazardous (classified) location except as permit¬ 
ted by other articles in this Code 

(5) Where exposed to materials having a deteriorating ef¬ 
fect on the installed conductors, such as oil or gasoline 

(6) Underground or embedded in poured concrete or aggre¬ 
gate 

(7) Where subject to physical damage 


(A) Minimum. FMC less than metric designator 16 (trade 
size '/i) shall not be used unless permitted in 348.20(A)(1) 
through (A)(5) for metric designator 12 (trade size %). 

(1) For enclosing the leads of motors as permitted in 
430.245(B) 

(2) In lengths not in excess of 1.8 m (6 ft) for any of the 
following uses: 

a. For utilization equipment 

b. As part of a listed assembly 

c. For tap connections to luminaires as permitted in 
410.117(C) 

(3) For manufactured wiring systems as permitted in 
604.6(A) 

(4) In hoistways rmitted in 620.21(A)(1) 

(5) As part oFsm assembly to connect wired luminaire 

sections-^pt ed in 410.137(C) 

than metric designator 103 

£d. 

al Note: See 300.1(C) for the metric designa- 
sizes. These are for identification purposes 
not relate to actual dimensions. 



348.22 Number of Conductors. The number of conduc- 
shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9, or as permitted in Table 
(.22, or for metric designator 12 (trade size %). 

Cables shall be permitted to be installed where such use 
’ is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 

348.24 Bends — How Made. Bends in conduit shall be 
made so that the conduit is not damaged and the internal 
diameter of the conduit is not effectively reduced. Bends 
shall be permitted to be made manually without auxiliary 
equipment. The radius of the curve to the centerline of any 
bend shall not be less than shown in Table 2, Chapter 9 
using the column “Other Bends.” 

348.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

348.28 Trimming. All cut ends shall be trimmed or other¬ 
wise finished to remove rough edges, except where fittings 
that thread into the convolutions are used. 

348.30 Securing and Supporting. FMC shall be securely 
fastened in place and supported in accordance with 
348.30(A) and (B). 
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ARTICLE 350 — LIQUIDTIGHT FLEXIBLE METAL CONDUIT: TYPE LFMC 


350.10 


Table 348.22 Maximum Number of Insulated Conductors in Metric Designator 12 (Trade Size 3 /s) Flexible Metal Conduit 
(FMC)* [ROP 8-53] 


Size (AWG) 

Types RFH-2, SF-2 

Types TF, XHHW, TW 

Types TFN, THHN, 
THWN 

Types FEP, FEBP, PF, 
PGF 

Fittings 

Inside 

Conduit 

Fittings 

Outside 

Conduit 

Fittings 

Inside 

Conduit 

Fittings 

Outside 

Conduit 

Fittings 

Inside 

Conduit 

Fittings 

Outside 

Conduit 

Fittings 

Inside 

Conduit 

Fittings 

Outside 

Conduit 

18 

2 

3 

3 

5 

5 

8 

5 

8 

16 

1 

2 

3 

4 

4 

6 

4 

6 

14 

1 

2 

2 

3 

3 

4 

3 

4 

12 

— 

— 

1 

2 

2 

3 

2 

3 

10 

— 

— 

1 

1 

1 

1 

1 

2 


*In addition, one insulated, covered, or bare equipment grounding conductor of the same size shall be permitted. 


(A) Securely Fastened. FMC shall be securely fastened in 
place by an approved means within 300 mm (12 in.) of 
each box, cabinet, conduit body, or other conduit termina¬ 
tion and shall be supported and secured at intervals not to 
exceed 1.4 m {4Vi ft). 

Exception No. 1: Where FMC is fished between access 
points through concealed spaces in finished buildings or 
structures and supporting is impracticable. 

Exception No. 2: Where flexibility is necessary after 
stallation, lengths from the last point where the racer 
securely fastened shall not exceed the following: 



(1) 900 mm (3 ft) for metric design 
(trade sizes Vz through IV4) 

(2) 1200 mm (4 ft) for metric desi gnate 
(trade sizes IV 2 throughu 

(3) 1500 mm (5 ft) for metric designators 
2 V 2 ) and larger 

Exception No. 3: Lengths nfft exceeding 1.8 m (6 ft) from 
a luminaire terminal connection for tap/connections to lu¬ 
minaires as permitted in 410.11 / 

Exception No. 4: Lengths not exceeding 1.8 m (6 ft) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) or 
other equipment. For the purposes of this section, listed 
flexible metal conduit fittings shall be permitted as a means 
of support. [ROP 8-54] 

(B) Supports. Horizontal runs of FMC supported by open¬ 
ings through framing members at intervals not greater than 
1.4 m (4'/2 ft) and securely fastened within 300 mm (12 in.) 
of termination points shall be permitted. 

348.42 Couplings and Connectors. Angle connectors 
shall not be concealed. 


348.60 Grounding and Bonding. If used to connect 
equipment where flexibility is necessary to minimize the 
transmission of vibration from equipment or to provide 
flexibility for equipment that requires movement after in- 
tion, an eq^^jent grounding conductor shall be in¬ 
flexibility is not required after installation, FMC 
e permitted to be used as an equipment grounding 
ctor when installed in accordance with 250.118(5). 
required or installed, equipment grounding con- 
lor^Shall be installed in accordance with 250.134(B). 
ere required or installed, equipment bonding jump¬ 
ers shall be installed in accordance with 250.102. 


ARTICLE 350 

Liquidtight Flexible Metal Conduit: 

Type LFMC 

I. General 

350.1 Scope. This article covers the use, installation, and 
construction specifications for liquidtight flexible metal 
conduit (LFMC) and associated fittings. 

350.2 Definition. 

Liquidtight Flexible Metal Conduit (LFMC). A raceway 
of circular cross section having an outer liquidtight, non- 
metallic, sunlight-resistant jacket over an inner flexible 
metal core with associated couplings, connectors, and fit¬ 
tings for the installation of electric conductors. 

350.6 Listing Requirements. LFMC and associated fit¬ 
tings shall be listed. 

II. Installation 


348.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 


350.10 Uses Permitted. LFMC shall be permitted to be 
used in exposed or concealed locations as follows: 
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350.12 


ARTICLE 350 — LIQUIDTIGHT FLEXIBLE METAL CONDUIT: TYPE LFMC 


(1) Where conditions of installation, operation, or mainte¬ 
nance require flexibility or protection from liquids, va¬ 
pors, or solids 

(2) As permitted by 501.10(B), 502.10, 503.10, and 504.20 
and in other hazardous (classified) locations where spe¬ 
cifically approved, and by 553.7(B) 

(3) For direct burial where listed and marked for the 
purpose 

350.12 Uses Not Permitted. LFMC shall not be used as 

follows: 


total) between pull points, for example, conduit bodies and 
boxes. 

350.30 Securing and Supporting. LFMC shall be se¬ 
curely fastened in place and supported in accordance with 
350.30(A) and (B). 

(A) Securely Fastened. LFMC shall be securely fastened 
in place by an approved means within 300 mm (12 in.) of 
each box, cabinet, conduit body, or other conduit termina¬ 
tion and shall be supported and secured at intervals not to 
exceed 1.4 m ( 4 l h ft). 


(1) Where subject to physical damage 

(2) Where any combination of ambient and conductor tem¬ 
perature produces an operating temperature in excess 
of that for which the material is approved 

350.20 Size. 

(A) Minimum. LFMC smaller than metric designator 16 
(trade size W) shall not be used. 

Exception: LFMC of metric designator 12 (trade size Vs) 
shall be permitted as covered in 348.20(A). 

(B) Maximum. The maximum size of LFMC shall be met 
ric designator 103 (trade size 4). 


Informational Note: See 300.1(C) for the metric design a- 
tors and trade sizes. These are for identification 
only and do not relate to actual dimensions. 

350.22 Number of Conductors or Cables 

(A) Metric Designators 16 through 103 (Trade Sizes Vz 
through 4). The number of cta^nctors shall not exceed 
that permitted by the percentage fill specified in Table 1, 
Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 



Exception No. 1: Where LFMC is fished between access 
points through concealed spaces in finished buildings or 
structures and supporting is impractical. 

Exception No. 2: Aiwiere flexibility is necessary after in¬ 
stallation, lengths from the last point where the raceway is 
securely fastened'shall not exceed the following: 

m (3 ft) for ihetfif designators 16 through 35 
V2 through 1V4) 

ft) for metric designators 41 through 53 
IV 2 through 2) 

5 ft) for metric designators 63 (trade size 
nd larger 

’’ptiorTNo. 3: Lengths not exceeding 1.8 m (6 ft) from 
luminaire terminal connection for tap conductors to lu- 
maires, as permitted in 410.117(C). 

ception No. 4: Lengths not exceeding 1.8 m (6 ft) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) or 
other equipment. For the purposes of this section, listed 
LFMC fittings shall be permitted as a means of support. 
[ROP 8-57] 

(B) Supports. Horizontal runs of LFMC supported by 
openings through framing members at intervals not greater 
than 1.4 m ( 4 Vi ft) and securely fastened within 300 mm 
(12 in.) of termination points shall be permitted. 


(B) Metric Designator 12 (Trade Size %). The number of 
conductors shall not exceed that permitted in Table 348.22, 
“Fittings Outside Conduit” columns. 

350.24 Bends — How Made. Bends in conduit shall be so 
made that the conduit will not be damaged and the internal 
diameter of the conduit will not be effectively reduced. 
Bends shall be permitted to be made manually without aux¬ 
iliary equipment. The radius of the curve to the centerline 
of any bend shall not be less than required in Table 2, 
Chapter 9 using the column “Other Bends.” 

350.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 


350.42 Couplings and Connectors. Only fittings listed for 
use with LFMC shall be used. Angle connectors shall not 
be concealed. Straight LFMC fittings shall be permitted for 
direct burial where marked. [ROP 8-58, ROP 8-59] 

Informational Note: There are Listed LFMC fittings able 
to be used with LFNC. LFNC Fittings are not used with 
LFMC. [ROP 8-58, ROP 8-59] 

350.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

350.60 Grounding. Grounding and bonding for LFMC 
shall be installed in accordance with 350.60(A) and (B). 

[ROP 8-60] 
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352.10 


(A) If used to connect equipment where flexibility is nec¬ 
essary to minimize the transmission of vibration from 
equipment or to provide flexibility for equipment that re¬ 
quires movement after installation, an equipment grounding 
conductor shall be installed. [ROP 8-60] 

Where flexibility is not required after installation, 
LFMC shall be permitted to be used as an equipment 
grounding conductor when installed in accordance with 
250.118(6). 

Where required or installed, equipment grounding con¬ 
ductors shall be installed in accordance with 250.134(B). 

Where required or installed, equipment bonding jump¬ 
ers shall be installed in accordance with 250.102. 

Informational Note: See 501.30(B), 502.30(B), 503.30(B), 
505.25(B), and 506.25(B) for types of equipment ground¬ 
ing conductors. 

(B) Where Air Conditioning or Refrigerating Equipment is 
installed outdoors, an equipment grounding conductor per 
250.118(1) shall be provided within the raceway and shall 
be sized per 250.122. [ROP 8-60] 


III. Construction Specifications 

350.120 Marking. LFMC shall be marked accori 
110.21. The trade size and other information requin 
the listing shall also be marked on the co ndu it. Coni 
suitable for direct burial shall be so mar 



I. General 


352.1 Scope. This article covers the use, installation, and 
construction specifications for rigid polyvinyl chloride con¬ 
duit (PVC) and associated fittings. 


II. Installation 

352.10 Uses Permitted. The use of PVC conduit shall be 
permitted in accordance with 352.10(A) through (I). [ROP 
8-64] 

Informational Note: Extreme cold may cause some non- 
metallic conduits to become brittle and, therefore, more 
susceptible to damage from physical contact. 

(A) Concealed. PVC conduit shall be permitted in walls, 
floors, and ceilings. 

(B) Corrosive Influences. PVC conduit shall be permitted 
in locations subject to severe corrosive influences as cov¬ 
ered in 300.6 and where subject to chemicals for which the 
materials are specifically approved. 


(C) Cir 


, PVC conduit shall be permitted in cinder fill. 



(D) Wet Locations. PVC conduit shall be permitted in 
ions of dairies, laundries, canneries, or other wet loca- 

ons, and in locations'where walls are frequently washed, 
conduit system, including boxes and fittings used 
ith, shall be installed and equipped so as to prevent 
from entering the conduit. All supports, bolts, straps, 
,nd so forth, shall be of corrosion-resistant materi¬ 
el "■ be protected against corrosion by approved 
^ion-resistant materials. 

(E) Dry and Damp Locations. PVC conduit shall be per¬ 
mitted for use in dry and damp locations not prohibited by 
352.12. 

(F) Exposed. PVC conduit shall be permitted for exposed 
work. PVC conduit used exposed in areas of physical dam¬ 
age shall be identified for the use. 

Informational Note: PVC Conduit, Type Schedule 80, is 
identified for areas of physical damage. 

(G) Underground Installations. For underground installa¬ 
tions, PVC shall be permitted for direct burial and under¬ 
ground encased in concrete. See 300.5 and 300.50. 


Informational Note: Refer to Article 353 for High Density 
Polyethylene Conduit: Type HDPE, and Article 355 for Re¬ 
inforced Thermosetting Resin Conduit: Type RTRC. 

352.2 Definition. 

Rigid Polyvinyl Chloride Conduit (PVC). A rigid nonme- 
tallic raceway of circular cross section, with integral or 
associated couplings, connectors, and fittings for the instal¬ 
lation of electrical conductors and cables. [ROP 8-63] 

352.6 Listing Requirements. PVC conduit, factory el¬ 
bows, and associated fittings shall be listed. 


(H) Support of Conduit Bodies. PVC conduit shall be 
permitted to support nonmetallic conduit bodies not larger 
than the largest trade size of an entering raceway. These 
conduit bodies shall not support luminaires or other equip¬ 
ment and shall not contain devices other than splicing de¬ 
vices as permitted by 110.14(B) and 314.16(C)(2). 

(I) Insulation Temperature Limitations. Conductors or 
cables rated at a temperature higher than the listed tempera¬ 
ture rating of PVC conduit shall be permitted to be installed 
in PVC conduit, provided the conductors or cables are not 
operated at a temperature higher than the listed temperature 
rating of the PVC conduit. 
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352.12 


ARTICLE 352 — RIGID POLYVINYL CHLORIDE CONDUIT: TYPE PVC 


352.12 Uses Not Permitted. PVC conduit shall not be 
used under the conditions specified in 352.12(A) through 
(E). 

(A) Hazardous (Classified) Locations. In any hazardous 
(classified) location, except as permitted by other articles of 
this Code. 

(B) Support of Luminaires. For the support of luminaires 
or other equipment not described in 352.10(H). 

(C) Physical Damage. Where subject to physical damage 
unless identified for such use. 

(D) Ambient Temperatures. Where subject to ambient 
temperatures in excess of 50°C (122°F) unless listed other¬ 
wise. 

(E) Theaters and Similar Locations. In theaters and simi¬ 
lar locations, except as provided in 518.4 and 520.5. 

352.20 Size. 

(A) Minimum. PVC conduit smaller than metric designa¬ 
tor 16 (trade size Vi) shall not be used. 

(B) Maximum. PVC conduit larger than metric designaton 
155 (trade size 6) shall not be used. 

Informational Note: The trade sizes and metric desigjja- 
tors are for identification purposes only and do not relate to 
actual dimensions. See 300.1(C). 


352.22 Number of Conductors. The numt 
tors shall not exceed that permitted by the pef 
specified in Table 1, Chapter 9. 

Cables shall be permitted to j 
is not prohibited by the respecth 
her of cables shall not exceed the 
specified in Table 1, Chapter 9. 



esuch use 
he num- 
ntage fill 


352.24 Bends — How Made. Bends shalTbe so made that 
the conduit will not be damaged and the internal diameter 
of the conduit will not be effectively reduced. Field bends 
shall be made only with identified bending equipment. The 
radius of the curve to the centerline of such bends shall not 
be less than shown in Table 2, Chapter 9. [ROP 8-69] 


shall be fastened so that movement from thermal expansion 
or contraction is permitted. PVC conduit shall be securely 
fastened and supported in accordance with 352.30(A) and 
(B). 

(A) Securely Fastened. PVC conduit shall be securely fas¬ 
tened within 900 mm (3 ft) of each outlet box, junction 
box, device box, conduit body, or other conduit termina¬ 
tion. Conduit listed for securing at other than 900 mm (3 ft) 
shall be permitted to be installed in accordance with the 
listing. 

(B) Supports. PVC conduit shall be supported as required 
in Table 352.30. Conduit listed for support at spacings other 
than as shown in Table 352.30 shall be permitted to be 
installed in accordance with the listing. Horizontal runs of 
PVC conduit supported by openings through framing mem¬ 
bers at intervals not exceeding those in Table 352.30 and 
securely fastened within 900 mm (3 ft) of termination 
points syjll be permitte 

352.30 Support of Rigid Polyvinyl Chloride Conduit 


Condiii 

IT Size 

Maximum Spacing Between 
Supports 

^^Metric 

Designator 

Trade Size 

mm or m 

ft 

, 16-27 

1 / 2 -I 

900 mm 

3 

t 35-53 

114-2 

1.5 m 

5 

63-78 

2 V 2-3 

1.8 m 

6 

91-129 

31 / 2-5 

2.1 m 

7 

155 

6 

2.5 m 

8 


352.44 Expansion Fittings. Expansion fittings for PVC 
conduit shall be provided to compensate for thermal expan¬ 
sion and contraction where the length change, in accor¬ 
dance with Table 352.44, is expected to be 6 mm (14 in.) or 
greater in a straight run between securely mounted items 
such as boxes, cabinets, elbows, or other conduit termina¬ 
tions. 


352.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

352.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

352.30 Securing and Supporting. PVC conduit shall be 
installed as a complete system as provided in 300.18 and 


352.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 AWG and larger at bushings. 

352.48 Joints. All joints between lengths of conduit, and 
between conduit and couplings, fittings, and boxes, shall be 
made by an approved method. 
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352.120 


Table 352.44 Expansion Characteristics of PVC Rigid Nonmetallic Conduit Coefficient of Thermal Expansion = 6.084x 10 5 
mm/mm/°C (3.38 x 10 -5 in./in./°F) 


Length Change of 
Temperature PVC Conduit 

Change (°C) (nun/m) 


Length Change of 
Temperature PVC Conduit 

Change (°F) (in./100 ft) 

Temperature Length Change of PVC 

Change (°F) Conduit (in./100 ft) 

5 0.30 

10 0.61 

15 0.91 

20 1.22 

25 1.52 

30 1.83 


5 0.20 

10 0.41 

15 0.61 

20 0.81 

25 1.01 

30 1.22 

105 4.26 

110 4.46 

115 4.66 

120 4.87 

125 5.07 

130 5.27 

35 2.13 

40 2.43 

45 2.74 

50 3.04 


35 1.42 

40 1.62 

45 1.83 

50 2.03 

135 5.48 

140 5.68 

145 5.88 

150 6.08 

55 3.35 

60 3.65 

65 3.95 

70 4.26 

75 4.56 


55 2.23 

S 1 $ 

70 ^.84 

75 ,-'/3.04 

155 6.29 

160 6.49 

165 6.69 

170 6.90 

175 7.10 

80 4.87 

85 5.17 

90 5.48 

95 5.78 

100 6.08 


90 ^^K65 

3.85 

io(^^^ m 

180 7.30 

185 7.50 

190 7.71 

195 7.91 

200 8.11 



(B), Exception 
’ption No. 1, for 
'uctors. 


352.56 Splices and Taps. Splices and jj 
in accordance with 300.15. 

352.60 Grounding. Where equipmer? 
quired, a separate equipment 
installed in the conduit. 

Exception No. 1: As permitted in 250. 

No. 2, for dc circuits and 250.134(B), E; 
separately run equipment grounding a6, 

Exception No. 2: Where the grouiW&l conductor is used to 
ground equipment as permitted in 250.142. 

III. Construction Specifications 

352.100 Construction. PVC conduit shall be made of 
rigid (nonplasticized) polyvinyl chloride (PVC). PVC con¬ 
duit and fittings shall be composed of suitable nonmetallic 
material that is resistant to moisture and chemical atmo¬ 
spheres. For use aboveground, it shall also be flame retar¬ 
dant, resistant to impact and crushing, resistant to distortion 
from heat under conditions likely to be encountered in ser¬ 
vice, and resistant to low temperature and sunlight effects. 
For use underground, the material shall be acceptably resis¬ 
tant to moisture and corrosive agents and shall be of suffi¬ 
cient strength to withstand abuse, such as by impact and 
crushing, in handling and during installation. Where in¬ 


tended for direct burial, without encasement in concrete, 
the material shall also be capable of withstanding continued 
loading that is likely to be encountered after installation. 

352.120 Marking. Each length of PVC conduit shall be 
clearly and durably marked at least every 3 m (10 ft) as 
required in the first sentence of 110.21. The type of material 
shall also be included in the marking unless it is visually 
identifiable. For conduit recognized for use aboveground, 
these markings shall be permanent. For conduit limited to 
underground use only, these markings shall be sufficiently 
durable to remain legible until the material is installed. 
Conduit shall be permitted to be surface marked to indicate 
special characteristics of the material. 

Informational Note: Examples of these markings include 
but are not limited to “limited smoke” and “sunlight 
resistant.” 
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353.1 


ARTICLE 353 — HIGH DENSITY POLYETHYLENE CONDUIT: TYPE HDPE CONDUIT 


ARTICLE 353 

High Density Polyethylene Conduit: 
Type HDPE Conduit 


I. General 

353.1 Scope. This article covers the use, installation, and 
construction specifications for high density polyethylene 
(HDPE) conduit and associated fittings. 

Informational Note: Refer to Article 352 for Rigid Poly¬ 
vinyl Chloride Conduit: Type PVC and Article 355 for Re¬ 
inforced Thermosetting Resin Conduit: Type RTRC. 

353.2 Definition. 

High Density Polyethylene (HDPE) Conduit. A nonme- 
tallic raceway of circular cross section, with associated 
couplings, connectors, and fittings for the installation of 
electrical conductors. 

353.6 Listing Requirements. HDPE conduit and associ¬ 
ated fittings shall be listed. 

II. Installation 

353.10 Uses Permitted. The use of HDPE com 
permitted under the following conditions: 

(1) In discrete lengths or in continuous leni 

(2) In locations subject to severe corrosive 
covered in 300.6 and where subject to 
which the conduit is listed 

(3) In cinder fill 

(4) In direct burial installations ii 


(4) Where subject to ambient temperatures in excess of 
50°C (122°F) unless listed otherwise 

353.20 Size. 

(A) Minimum. HDPE conduit smaller than metric desig¬ 
nator 16 (trade size Vi) shall not be used. 

(B) Maximum. HDPE conduit larger than metric designa¬ 
tor 155 (trade size 6) shall not be used. 

Informational Note: The trade sizes and metric designa¬ 
tors are for identification purposes only and do not relate to 
actual dimensions. See 300.1(C). 

353.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 
specified in Table J#jChapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 


ber of 1 
specifie 


Informational Note to (4): Refer to 300 
derground installations. 



tceed the allowable percentage fill 
9. 


3.50 for un- 


How Made. Bends shall be so made that 
ill not be damaged and the internal diameter 
it will not be effectively reduced. Bends shall 
to be made manually without auxiliary equip- 
jfieradius of the curve to the centerline of such 
not be less than shown in Table 354.24. For 
nduits of metric designators 129 and 155 (trade sizes 5 
6) the allowable radii of bends shall be in accordance 
h specifications provided by the manufacturer. 

353.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

353.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 


(5) Above ground, except as prohibited in 353.12, where 
encased in not less than 50 mm (2 in.) of concrete. 

(6) Conductors or cables rated at a temperature higher than 
the listed temperature rating of HDPE conduit shall be 
permitted to be installed in HDPE conduit, provided 
the conductors or cables are not operated at a tempera¬ 
ture higher than the listed temperature rating of the 
HDPE conduit. 

353.12 Uses Not Permitted. HDPE conduit shall not be 

used under the following conditions: 

(1) Where exposed 

(2) Within a building 

(3) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 


353.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 
conductors 4 AWG and larger at bushings. 

353.48 Joints. All joints between lengths of conduit, and 
between conduit and couplings, fittings, and boxes, shall be 
made by an approved method. 

Informational Note: HDPE conduit can be joined using 
either heat fusion, electrofusion, or mechanical fittings. 

353.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 
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ARTICLE 354 — NONMETALLIC UNDERGROUND CONDUIT WITH CONDUCTORS: TYPE NUCC 


354.28 


353.60 Grounding. Where equipment grounding is re¬ 
quired, a separate equipment grounding conductor shall be 
installed in the conduit. 

Exception No. 1: The equipment grounding conductor 
shall be permitted to be run separately from the conduit 
where used for grounding dc circuits as permitted in 
250.134, Exception No. 2. 

Exception No. 2: The equipment grounding conductor 
shall not be required where the grounded conductor is used 
to ground equipment as permitted in 250.142. 


(1) For direct burial underground installation (For mini¬ 
mum cover requirements, see Table 300.5 and Table 
300.50 under Rigid Nonmetallic Conduit.) 

(2) Encased or embedded in concrete 

(3) In cinder fill 

(4) In underground locations subject to severe corrosive 
influences as covered in 300.6 and where subject to 
chemicals for which the assembly is specifically ap¬ 
proved 

(5) Aboveground, except as prohibited in 354.12, where 
encased in not less than 50 mm (2 in.) of concrete 


III. Construction Specifications 

353.100 Construction. HDPE conduit shall be composed 
of high density polyethylene that is resistant to moisture 
and chemical atmospheres. The material shall be resistant 
to moisture and corrosive agents and shall be of sufficient 
strength to withstand abuse, such as by impact and crush¬ 
ing, in handling and during installation. Where intended for 
direct burial, without encasement in concrete, the material 
shall also be capable of withstanding continued loading that 
is likely to be encountered after installation. 

353.120 Marking. Each length of FIDPE shall be 
and durably marked at least every 3 m (10 ft) as requ 
110.21. The type of material shall also be included i 
marking. 


ARTIC 

Nonmetallic Unde 
Condue 

I. General 

354.1 Scope. This article covers the use, installation, and 
construction specifications for nonmetallic underground 
conduit with conductors (NUCC). 

354.2 Definition. 

Nonmetallic Underground Conduit with Conductors 

(NUCC). A factory assembly of conductors or cables inside 
a nonmetallic, smooth wall raceway with a circular cross 
section. [ROP 8-73] 

354.6 Listing Requirements. NUCC and associated fit¬ 
tings shall be listed. 

II. Installation 

354.10 Uses Permitted. The use of NUCC and fittings 
shall be permitted in the following: 




354.12 Uses Not Permitted. NUCC shall not be used in 
the following: 

(1) In exposarf locations 

(2) Inside buildings 

ExcejMrfn: The conductor or the cable portion of the as- 
sembly, where suitable, shall be permitted to extend within 
building for termination purposes in accordance with 
r 300.3 

any hazardous (classified) location, except as permit- 
;ed by other articles of this Code 


ze. 


(A) Minimum. NUCC smaller than metric designator 16 
(trade size V 2 ) shall not be used. 

(B) Maximum. NUCC larger than metric designator 103 
(trade size 4) shall not be used. 

Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 

354.22 Number of Conductors. The number of conduc¬ 
tors or cables shall not exceed that permitted by the per¬ 
centage fill in Table 1, Chapter 9. 

354.24 Bends — How Made. Bends shall be manually 
made so that the conduit will not be damaged and the in¬ 
ternal diameter of the conduit will not be effectively re¬ 
duced. The radius of the curve of the centerline of such 
bends shall not be less than shown in Table 354.24. 

354.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between termination points. 

354.28 Trimming. For termination, the conduit shall be 
trimmed away from the conductors or cables using an ap¬ 
proved method that will not damage the conductor or cable 
insulation or jacket. All conduit ends shall be trimmed in¬ 
side and out to remove rough edges. 
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354.46 


ARTICLE 355 — REINFORCED THERMOSETTING RESIN CONDUIT: TYPE RTRC 


Table 354.24 Minimum Bending Radius for Nonmetallic 
Underground Conduit with Conductors (NUCC) 


Conduit Size 

Minimum Bending 
Radius 

Metric 




Designator 

Trade Size 

mm 

in. 

16 

% 

250 

10 

21 

3 U 

300 

12 

27 

1 

350 

14 

35 

114 

450 

18 

41 

m 

500 

20 

53 

2 

650 

26 

63 

2 Vi 

900 

36 

78 

3 

1200 

48 

103 

4 

1500 

60 


354.46 Bushings. Where the NUCC enters a box, fitting, 
or other enclosure, a bushing or adapter shall be provided 
to protect the conductor or cable from abrasion unless the 
design of the box, fitting, or enclosure provides equivalent 
protection. 

Informational Note: See 300.4(G) for the protection of 
conductors size 4 AWG or larger. < 

354.48 Joints. All joints between conduit, fittings, and 
boxes shall be made by an approved method. 

354.50 Conductor Terminations. All termWiations be¬ 
tween the conductors or cables and equipment shall be 
made by an approved method for that type of conductor or 

354.56 Splices and Taps. Splices and taps sHall be made 
in junction boxes or other enclosures. 

354.60 Grounding. Where equipment grounding is re¬ 
quired, an assembly containing a separate equipment 
grounding conductor shall be used. 

III. Construction Specifications 
354.100 Construction. 

(A) General. NUCC is an assembly that is provided in 
continuous lengths shipped in a coil, reel, or carton. 

(B) Nonmetallic Underground Conduit. The nonmetallic 
underground conduit shall be listed and composed of a ma¬ 
terial that is resistant to moisture and corrosive agents. It 
shall also be capable of being supplied on reels without 
damage or distortion and shall be of sufficient strength to 
withstand abuse, such as impact or crushing, in handling 
and during installation without damage to conduit or con¬ 
ductors. 


(C) Conductors and Cables. Conductors and cables used 
in NUCC shall be listed and shall comply with 310.10(C). 
Conductors of different systems shall be installed in accor¬ 
dance with 300.3(C). 

(D) Conductor Fill. The maximum number of conductors 
or cables in NUCC shall not exceed that permitted by the 
percentage fill in Table 1, Chapter 9. 

354.120 Marking. NUCC shall be clearly and durably 
marked at least every 3.05 m (10 ft) as required by 110.21. 
The type of conduit material shall also be included in the 
marking. 

Identification of conductors or cables used in the assem¬ 
bly shall be provided on a tag attached to each end of the 
assembly or to the side of a reel. Enclosed conductors or 
cables shall be marked in accordance with 310.120. 


355.2 Definition. 

Reinforced Thermosetting Resin Conduit (RTRC). A 

rigid nonmetallic raceway of circular cross section, with 
integral or associated couplings, connectors, and fittings for 
the installation of electrical conductors and cables. [ROP 
8-75] 

355.6 Listing Requirements. RTRC, factory elbows, and 
associated fittings shall be listed. 

II. Installation 

355.10 Uses Permitted. The use of RTRC shall be permit¬ 
ted in accordance with 355.10(A) through (I). 

(A) Concealed. RTRC shall be permitted in walls, floors, 
and ceilings. 

(B) Corrosive Influences. RTRC shall be permitted in lo¬ 
cations subject to severe corrosive influences as covered in 




ARTICLE 355 
‘orced Thermosetting Resin 
Conduit: Type RTRC 


.1 Scope. This article covers the use, installation, and 
instruction specification for reinforced thermosetting resin 
duit (RTRC) and associated fittings. 

Informational Note: Refer to Article 352 for Rigid Poly¬ 
vinyl Chloride Conduit: Type PVC, and Article 353 for 
High Density Polyethylene Conduit: Type HDPE. 
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ARTICLE 355 — REINFORCED THERMOSETTING RESIN CONDUIT: TYPE RTRC 


355.30 


300.6 and where subject to chemicals for which the mate¬ 
rials are specifically approved. 

(C) Cinders. RTRC shall be permitted in cinder fill. 

(D) Wet Locations. RTRC shall be permitted in portions 
of dairies, laundries, canneries, or other wet locations, and 
in locations where walls are frequently washed, the entire 
conduit system, including boxes and fittings used therewith, 
shall be installed and equipped so as to prevent water from 
entering the conduit. All supports, bolts, straps, screws, and 
so forth, shall be of corrosion-resistant materials or be pro¬ 
tected against corrosion by approved corrosion-resistant 
materials. 


(E) Theaters and Similar Locations. In theaters and simi¬ 
lar locations, except as provided in 518.4 and 520.5. 

355.20 Size. 

(A) Minimum. RTRC smaller than metric designator 16 
(trade size V 2 ) shall not be used. 

(B) Maximum. RTRC larger than metric designator 155 
(trade size 6) shall not be used. 

Informational Note: The trade sizes and metric designa¬ 
tors are for identification purposes only and do not relate to 
actual dimensions. See 300.1(C). 


(E) Dry and Damp Locations. RTRC shall be permitted 
for use in dry and damp locations not prohibited by 355.12. 

(F) Exposed. RTRC shall be permitted for exposed work if 
identified for such use. 

Informational Note: RTRC, Type XW, is identified for 
areas of physical damage. 

(G) Underground Installations. For underground installa¬ 
tions, see 300.5 and 300.50. 


(H) Support of Conduit Bodies. RTRC shall be pe 
to support nonmetallic conduit bodies not larger than the 
largest trade size of an entering raceway. The se conduit 
bodies shall not support luminaires or other equipment 
shall not contain devices other than, slicing devices 
permitted by 110.14(B) and 314.16(C)(2). 

(I) Insulation Temperature Limitations. Conductors or 

cables rated at a temperature higher than the listed tempera¬ 
ture rating of RTRC conduit shall be permitted to be in¬ 
stalled in RTRC conduit, if the conductofigpr cables are not 
operated at a temperature higher than the lilted temperature 
rating of the RTRC conduit. ^f'jf 

355.12 Uses Not Permitted. RTRC shall not be used un¬ 
der the following conditions. 



355.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9. Cables shall be permitted to 
be installed where such use is not prohibited by the respec¬ 
tive cable articles. The number of cables shall not exceed 
the allowable percentage fill specified in Table 1, Chapter 9. 

:nds — How Made. Bends shall be so made that 
'duit will not be damaged and the internal diameter 
conduit will not be effectively reduced. Field bends 
made only with identified bending equipment. The 
iliiis of the curve to the centerline of such bends shall not 
than shown in Table 2, Chapter 9. [ROP 8-77] 

355.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

355.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

355.30 Securing and Supporting. RTRC shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 355.30(A) and (B). 


(A) Hazardous (Classified) Locations. 

(1) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 

(2) In Class I, Division 2 locations, except as permitted in 
501.10(B)(3) 


(A) Securely Fastened. RTRC shall be securely fastened 
within 900 mm (3 ft) of each outlet box, junction box, 
device box, conduit body, or other conduit termination. 
Conduit listed for securing at other than 900 mm (3 ft) shall 
be permitted to be installed in accordance with the listing. 


(B) Support of Luminaires. For the support of luminaires 
or other equipment not described in 355.10(H). 

(C) Physical Damage. Where subject to physical damage 
unless identified for such use. 

(D) Ambient Temperatures. Where subject to ambient 
temperatures in excess of 50°C (122°F) unless listed other¬ 
wise. 


(B) Supports. RTRC shall be supported as required in 
Table 355.30. Conduit listed for support at spacing other 
than as shown in Table 355.30 shall be permitted to be 
installed in accordance with the listing. Horizontal runs of 
RTRC supported by openings through framing members at 
intervals not exceeding those in Table 355.30 and securely 
fastened within 900 mm (3 ft) of termination points shall be 
permitted. 
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ARTICLE 355 — REINFORCED THERMOSETTING RESIN CONDUIT: TYPE RTRC 


Table 355.30 Support of Reinforced Thermosetting Resin 
Conduit (RTRC) 


Conduit Size 

Maximum Spacing Between 
Supports 

Metric 




Designator 

Trade Size 

mm or m 

ft 

16-27 

14-1 

900 mm 

3 

35-53 

114-2 

1.5 m 

5 

63-78 

214-3 

1.8 m 

6 

91-129 

314-5 

2.1 m 

7 

155 

6 

2.5 m 

8 


355.48 Joints. All joints between lengths of conduit, and 
between conduit and couplings, fitting, and boxes, shall be 
made by an approved method. 

355.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

355.60 Grounding. Where equipment grounding is re¬ 
quired, a separate equipment grounding conductor shall be 
installed in the conduit. 

Exception No. 1: As permitted in 250.134(B), Exception 
No. 2, for dc circuits and 250.134(B), Exception No. 1, for 
separately run equipment grounding conductors. 


355.44 Expansion Fittings. Expansion fittings for RTRC 
shall be provided to compensate for thermal expansion and 
contraction where the length change, in accordance with 
Table 355.44, is expected to be 6 mm (14 in.) or greater in 
a straight run between securely mounted items such as 
boxes, cabinets, elbows, or other conduit terminations. 

355.46 Bushings. Where a conduit enters a box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 

conductors 4 AWG and larger at bushings. 


Exception No. 2: Where the grounded conductor is used to 
ground equipment qs permitted in 250.142. 


III. Constr, 


Table 355.44 Expansion Characteristics of 
= 2.7 x 10 -5 mm/mm/°C (1.5 x 10 -5 in./in./' 


Temperature 
Change (°C) 


10 

15 

20 

25 




cifications 


(instruction. RTRC and fittings shall be com- 
le nonmetallic material that is resistant to 
emical atmospheres. For use aboveground, 
be flame retardant, resistant to impact and 
istant to distortion from heat under conditions 
.countered in service, and resistant to low 
sunlight effects. For use underground, the 
1 be acceptably resistant to moisture and cor- 


mosetting Resin Conduit (RTRC) Coefficient of Thermal Expansion 


Length Change < 
RTRC Conduit 
(mm/mG 


0.09 

105 

1.89 

0.18 

110 

1.98 

0.27 

115 

2.07 

0.36 

120 

2.16 

0.45 

125 

2.25 


Temperature 
Change (°F) 


Length Change of 
RTRC Conduit 
(in./100 ft) 


30 

35 

40 

45 

50 


55 

60 

65 

70 

75 

80 


85 

90 

95 

100 


0.81 

0.95 

1.08 

1.22 

1.35 


30 

35 

40 

45 

50 


1.49 

1.62 

1.76 

1.89 

2.03 

2.16 


55 

60 

65 

70 

75 

80 


2.30 

2.43 

2.57 

2.70 


85 

90 

95 

100 


0.54 

0.63 

0.72 

0.81 

0.90 


130 

135 

140 

145 

150 


0.99 

1.08 

1.17 

1.26 

1.35 

1.44 


155 

160 

165 

170 

175 

180 


1.53 

1.62 

1.71 

1.80 


185 

190 

195 

200 


2.34 

2.43 

2.52 

2.61 

2.70 


2.79 

2.88 

2.97 

3.06 

3.15 

3.24 


3.33 

3.42 

3.51 

3.60 
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ARTICLE 356 — LIQUIDTIGHT FLEXIBLE NONMETALLIC CONDUIT: TYPE LFNC 


356.20 


rosive agents and shall be of sufficient strength to withstand 
abuse, such as by impact and crushing, in handling and 
during installation. Where intended for direct burial, with¬ 
out encasement in concrete, the material shall also be ca¬ 
pable of withstanding continued loading that is likely to be 
encountered after installation. 

355.120 Marking. Each length of RTRC shall be clearly 
and durably marked at least every 3 m (10 ft) as required in 
the first sentence of 110.21. The type of material shall also 
be included in the marking unless it is visually identifiable. 
For conduit recognized for use aboveground, these mark¬ 
ings shall be permanent. For conduit limited to under¬ 
ground use only, these markings shall be sufficiently du¬ 
rable to remain legible until the material is installed. 
Conduit shall be permitted to be surface marked to indicate 
special characteristics of the material. 

Informational Note: Examples of these markings include 
but are not limited to “limited smoke” and “sunlight 
resistant.” 


ARTICLE 356 

Liquidtight Flexible Nonmetallic 
Conduit: Type LFNC 



I. General 

356.1 Scope. This article covers the 
construction specifications for liqu 
tallic conduit (FFNC) and'ass'ociatei 

356.2 Definition. 

Liquidtight Flexible Nonmet 

raceway of circular cross section of 
lows: 

(1) A smooth seamless inner core and cover bonded to¬ 
gether and having one or more reinforcement layers 
between the core and covers, designated as Type 
LFNC-A 


Iduit (LFNC). A 

various types as fol- 


356.6 Listing Requirements. LFNC and associated fit¬ 
tings shall be listed. 

II. Installation 

356.10 Uses Permitted. LFNC shall be permitted to be 
used in exposed or concealed locations for the following 
purposes: 

Informational Note: Extreme cold may cause some types 
of nonmetallic conduits to become brittle and therefore 
more susceptible to damage from physical contact. 

(1) Where flexibility is required for installation, operation, 
or maintenance. 

(2) Where protection of the contained conductors is re¬ 
quired fnA vapors, liquids, or solids. 

(3) For outdoor locations where listed and marked as suit¬ 
able for the purpose. 

(4) /For direct burial where listed and marked for the pur¬ 
pose. 

5) Typfc LFNC-B Mall be permitted to be installed in 
hs longer than 1.8 m (6 ft) where secured in ac- 
Tirdance with 356.30. 

ie LFNC-B as a listed manufactured prewired as- 
y, metric designator 16 through 27 (trade size Vi 
ough 1) conduit. 

For encasement in concrete where listed for direct 
burial and installed in compliance with 356.42. 

356.12 Uses Not Permitted. LFNC shall not be used as 
follows: 

(1) Where subject to physical damage 

(2) Where any combination of ambient and conductor tem¬ 
peratures is in excess of that for which the LFNC is 
approved 

(3) In lengths longer than 1.8 m (6 ft), except as permitted 
by 356.10(5) or where a longer length is approved as 
essential for a required degree of flexibility [ROP 

8-81a] 

(4) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 


(2) A smooth inner surface with integral reinforcement 
within the raceway wall, designated as Type LFNC-B 

[ROP 8-80] 

(3) A corrugated internal and external surface without in¬ 
tegral reinforcement within the raceway wall, desig¬ 
nated as LFNC-C [ROP 8-80] 

LFNC is flame resistant and with fittings and is ap¬ 
proved for the installation of electrical conductors. 

Informational Note: FNMC is an alternative designation 
for LFNC. 


356.20 Size. 

(A) Minimum. LFNC smaller than metric designator 16 
(trade size V 2 ) shall not be used unless permitted in 
356.20(A)(1) or (A)(2) for metric designator 12 (trade size 
%). 

(1) For enclosing the leads of motors as permitted in 
430.245(B) 

(2) In lengths not exceeding 1.8 m (6 ft) as part of a listed 
assembly for tap connections to luminaires as required 
in 410.117(C), or for utilization equipment 
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ARTICLE 358 — ELECTRICAL METALLIC TUBING: TYPE EMT 


(B) Maximum. LFNC larger than metric designator 103 duit fittings shall be permitted as a means of support, 

(trade size 4) shall not be used. [ROP 8-83a] 


Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 

356.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 
specified in Table 1, Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 

356.24 Bends — How Made. Bends in conduit shall be so 
made that the conduit is not damaged and the internal di¬ 
ameter of the conduit is not effectively reduced. Bends shall 
be permitted to be made manually without auxiliary equip¬ 
ment. The radius of the curve to the centerline of any bend 
shall not be less than shown in Table 2, Chapter 9 using the 
column “Other Bends.” 


356.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies am 
boxes. 


356.28 Trimming. All cut ends of conduit 
trimmed inside and outside to remove rough 

356.30 Securing and Supporting. Type L 
securely fastened and supported in ac corda nce 
the following: 

(1) Where installed in lengths 
conduit shall be securely fastened at inter 
ceeding 900 mm (3 ft) and w 
each side of every outlet box, 
fitting. 

(2) Securing or supporting of the conduit shall not be re¬ 
quired where it is fished, installed in lengths not ex¬ 
ceeding 900 mm (3 ft) at terminals where flexibility is 
required, or installed in lengths not exceeding 1.8 m 
(6 ft) from a luminaire terminal connection for tap con¬ 
ductors to luminaires permitted in 410.117(C). 




356.42 Couplings and Connectors. Only fittings listed for 
use with LFNC shall be used. Angle connectors shall not be 
used for concealed raceway installations. Straight LFNC 
fittings are permitted for direct burial or encasement in 
concrete. 

356.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 

356.60 Grounding and Bonding. If used to connect 
equipment where flexibility is necessary to minimize the 
transmission of vibration from equipment or to provide 
flexibility for equipment that requires movement after in¬ 
stallation, an equipment grounding conductor shall be in¬ 
stalled. [ROP 8-84 

Wher^equired of installed, equipment grounding con¬ 
ductors shall be installed in accordance with 250.134(B). 

ere required or instaned, equipment bonding jump¬ 
ers shall be installed in accordance with 250.102. 

Construction Specifications 


(6 ft),,the 
is not ex- 
2 in.) on 
cabinet, or 


struction. LFNC-B as a prewired manufac- 
assembly shall be provided in continuous lengths ca- 
of being shipped in a coil, reel, or carton without 
age. 

356.120 Marking. LFNC shall be marked at least every 
600 mm (2 ft) in accordance with 110.21. The marking 
shall include a type designation in accordance with 356.2 
and the trade size. Conduit that is intended for outdoor use 
or direct burial shall be marked. 

The type, size, and quantity of conductors used in 
prewired manufactured assemblies shall be identified by 
means of a printed tag or label attached to each end of the 
manufactured assembly and either the carton, coil, or reel. 
The enclosed conductors shall be marked in accordance 
with 310.120. 


(3) Horizontal runs of LFNC supported by openings 
through framing members at intervals not exceeding 
900 mm (3 ft) and securely fastened within 300 mm 
(12 in.) of termination points shall be permitted. 

(4) Securing or supporting of LFNC-B shall not be re¬ 
quired where installed in lengths not exceeding 1.8 m 
(6 ft) from the last point where the raceway is securely 
fastened for connections within an accessible ceiling to 
luminaire(s) or other equipment. For the purpose of this 
section, listed Liquidtight Flexible Nonmetallic Con- 


ARTICLE 358 

Electrical Metallic Tubing: Type EMT 


I. General 

358.1 Scope. This article covers the use, installation, and 
construction specifications for electrical metallic tubing 
(EMT) and associated fittings. 
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358.30 


358.2 Definition. 

Electrical Metallic Tubing (EMT). An unthreaded thin- 
wall raceway of circular cross section designed for the 
physical protection and routing of conductors and cables 
and for use as an equipment grounding conductor when 
installed utilizing appropriate fittings. EMT is generally 
made of steel (ferrous) with protective coatings or alumi¬ 
num (nonferrous). 

358.6 Listing Requirements. EMT, factory elbows, and 
associated fittings shall be listed. 


358.20 Size. 

(A) Minimum. EMT smaller than metric designator 16 
(trade size Vi) shall not be used. 

Exception: For enclosing the leads of motors as permitted 
in 430.245(B). 

(B) Maximum. The maximum size of EMT shall be met¬ 
ric designator 103 (trade size 4). 

Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 


II. Installation 
358.10 Uses Permitted. 

(A) Exposed and Concealed. The use of EMT shall be 
permitted for both exposed and concealed work. 

(B) Corrosion Protection. Ferrous or nonferrous EMT, el¬ 
bows, couplings, and fittings shall be permitted to be in¬ 
stalled in concrete, in direct contact with the earth, or in 
areas subject to severe corrosive influences where protected 
by corrosion protection and approved as suitable for the 
condition. 

(C) Wet Locations. All supports, bolts, straps, screws 
so forth shall be of corrosion-resistant materials or 
tected against corrosion by corrosion-resistant materials 

Informational Note: See 300.6 fi 
corrosion. 

358.12 Uses Not Permitted 

the following conditions^ 

(1) Where, during installation or afterwil 
ject to severe physical damage. 

(2) Where protected from corrosion solely by enamel. 

(3) In cinder concrete or cinder mFwhere subject to per¬ 
manent moisture unless protected on all sides by a 
layer of noncinder concrete at least 50 mm (2 in.) thick 
or unless the tubing is at least 450 mm (18 in.) under 


358.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill 



it will be sub¬ 


specified in 
Cables s 
is not 
her o' 

sp ffied in 




e 1, Chapter 9. 

11 be permitted to be installed where such use 
d by the respective cable articles. The num- 
not exceed the allowable percentage fill 
Chapter 9. 


ends — How Made. Bends shall be made so that 
ng is not damaged and the internal diameter of the 
is not effectively reduced. The radius of the curve of 
bend to the centerline of the tubing shall not be 
shown in Table 2, Chapter 9 for one-shot and full 
tenders. 


358.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
total) between pull points, for example, conduit bodies and 
boxes. 

358.28 Reaming and Threading. 

(A) Reaming. All cut ends of EMT shall be reamed or 
otherwise finished to remove rough edges. 

(B) Threading. EMT shall not be threaded. 

Exception: EMT with factory threaded integral couplings 
complying with 358.100. 


the fill. 

(4) In any hazardous (classified) location except as permit¬ 
ted by other articles in this Code. 

(5) For the support of luminaires or other equipment ex¬ 
cept conduit bodies no larger than the largest trade size 
of the tubing. 

(6) Where practicable, dissimilar metals in contact any¬ 
where in the system shall be avoided to eliminate the 
possibility of galvanic action. 

Exception: Aluminum fittings and enclosures shall be per¬ 
mitted to be used with steel EMT where not subject to 
severe corrosive influences. 


358.30 Securing and Supporting. EMT shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 358.30(A) and (B). 

(A) Securely Fastened. EMT shall be securely fastened in 
place at least every 3 m (10 ft). In addition, each EMT run 
between termination points shall be securely fastened 
within 900 mm (3 ft) of each outlet box, junction box, 
device box, cabinet, conduit body, or other tubing termina¬ 
tion. 

Exception No. 1: Fastening of unbroken lengths shall be 
permitted to be increased to a distance of 1.5 m (5 ft) where 
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structural members do not readily permit fastening within 
900 mm (3 ft). 

Exception No. 2: For concealed work in finished buildings 
or prefinished wall panels where such securing is imprac¬ 
ticable, unbroken lengths (without coupling) of EMT shall 
be permitted to be fished. 


threads shall be designed so as to prevent bending of the 
tubing at any part of the thread. 

358.120 Marking. EMT shall be clearly and durably 
marked at least every 3 m (TO ft) as required in the first 
sentence of 110.21. 


(B) Supports. Horizontal runs of EMT supported by open¬ 
ings through framing members at intervals not greater than 
3 m (10 ft) and securely fastened within 900 mm (3 ft) of 
termination points shall be permitted. 

358.42 Couplings and Connectors. Couplings and con¬ 
nectors used with EMT shall be made up tight. Where bur¬ 
ied in masonry or concrete, they shall be concretetight type. 
Where installed in wet locations, they shall comply with 
314.15. 

358.44 Expansion Fittings. Expansion fittings for EMT 
shall be provided to compensate for thermal expansion and 
contraction where the length is expected to be 6 mm (14 
inch) or greater in a straight run between securely mounted 
items such as boxes, cabinets, elbows, or other conduit 
terminations. [ROP 8-87] 

Informational Note: The coefficient of expansion for steel 
electrical metallic tubing is 1.170xl0E-5 (0.0000117 mm 
per mm of tubing for each degree C in temperature change) 
[0.650 X10E-5 (0.0000065 in. per inch of tubin gs 
degree F in temperature change)]. The coefficient of expan¬ 
sion for aluminum electrical metallic tubing i«K34xl0E-5 
(0.0000234 mm per mm of tubing for each degree C in 
temperature change)[1.30X10E-5 (0.000013 in^Jr inch of 
tubing for each degree F in temperature change)]. [ROP 
8-87] 


358.56 Splices and Taps. Spin 
in accordance with 300.15. 


taps shall be made 


358.60 Grounding. Grounding and bonding EMT shall be 
installed in accordance with 358.60(A) and (B). [ROP 
8-90] 

(A) EMT shall be permitted as an equipment grounding 
conductor. [ROP 8-90] 

(B) Where Air Conditioning or Refrigerating Equipment is 
installed outdoors, an equipment grounding conductor per 
250.118(1) shall be provided within the raceway and shall 
be sized per 250.122. [ROP 8-90] 

III. Construction Specifications 

358.100 Construction. Factory-threaded integral cou¬ 
plings shall be permitted. Where EMT with a threaded in¬ 
tegral coupling is used, threads for both the tubing and 
coupling shall be factory-made. The coupling and EMT 


ARTICLE 360 

Flexible Metallic Tubing: Type FMT 


I. General 

360.1 Scope. This article covers the use, installation, and 
construction specifications for flexible metallic tubing 
(FMT) and associated fittings. 


360. 


finition. 



Flexible Metallic Tubing (FMT). A raceway that is circu¬ 
lar in cross section, flexible, metallic, and liquidtight with¬ 
out a nonmMallic jacket. 


Requirements. FMT and associated fittings 


be listi 


Installation 

360.10 Uses Permitted. FMT shall be permitted to be used 
for branch circuits as follows: 

(1) In dry locations 

(2) Where concealed 

(3) In accessible locations 

(4) For system voltages of 1000 volts maximum 

360.12 Uses Not Permitted. FMT shall not be used as 
follows: 

(1) In hoistways 

(2) In storage battery rooms 

(3) In hazardous (classified) locations unless otherwise 
permitted under other articles in this Code 

(4) Underground for direct earth burial, or embedded in 
poured concrete or aggregate 

(5) Where subject to physical damage 

(6) In lengths over 1.8 m (6 ft) 

360.20 Size. 

(A) Minimum. FMT smaller than metric designator 16 
(trade size Vi) shall not be used. 
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362.10 


Exception No. 1: FMT of metric designator 12 (trade size 
Vs) shall be permitted to be installed in accordance with 
300.22(B) and (C). 

Exception No. 2: FMT of metric designator 12 (trade size 
Vs) shall be permitted in lengths not in excess of 1.8 m (6 ft) 
as part of a listed assembly or for luminaires. See 
410.117(C). 

(B) Maximum. The maximum size of FMT shall be metric 
designator 21 (trade size Vi). 


Table 360.24(B) Minimum Radii for Fixed Bends 


Minimum Radii 
for Fixed Bends 


Metric 


Designator 

Trade Size 

mm 

in. 

12 

3 /s 

88.9 

3Vl 

16 

w 

101.6 

4 

21 

3/4 

127.0 

5 


Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 

360.22 Number of Conductors. 

(A) FMT — Metric Designators 16 and 21 (Trade Sizes 

Vi and Vt ). The number of conductors in metric designa¬ 
tors 16 (trade size Vi) and 21 (trade size 14) shall not ex¬ 
ceed that permitted by the percentage fill specified in Table 
1, Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 

(B) FMT — Metric Designator 12 (Trade Size Vs), 
number of conductors in metric desi <onito rJi2. ( trade 
Vs) shall not exceed that permitted in T; 

360.24 Bends. 


(A) Infrequent Flexing 

flexed in service after inst: 
sured to the inside of thi 
fied in Table 360.24(A). 

Table 360.24(A) Minimum Radii 



an speci- 


ing Use 


Metric 

Designator 


Minimum Radii 
for Flexing Use 

Trade Size 

mm 

in. 

12 

Vs 

254.0 

10 

16 

V2 

317.5 

12/2 

21 

3/4 

444.5 

17/2 


360.60 Grounding. FMT shall be permitted as an equip¬ 
ment grounding conductor where installed in accordance 
with 250.118(7). 


tion Specifications 

,ng. FMT shall be marked according to 




ARTICLE 362 
ectrical Nonmetallic Tubing: Type 
ENT 


I. General 

362.1 Scope. This article covers the use, installation, and 
construction specifications for electrical nonmetallic tubing 
(ENT) and associated fittings. 

362.2 Definition. 

Electrical Nonmetallic Tubing (ENT). A nonmetallic, pli¬ 
able, corrugated raceway of circular cross section with in¬ 
tegral or associated couplings, connectors, and fittings for 
the installation of electrical conductors. ENT is composed 
of a material that is resistant to moisture and chemical 
atmospheres and is flame retardant. 

A pliable raceway is a raceway that can be bent by hand 
with a reasonable force but without other assistance. 

362.6 Listing Requirements. ENT and associated fittings 
shall be listed. 


(B) Fixed Bends. Where FMT is bent for installation pur¬ 
poses and is not flexed or bent as required by use after 
installation, the radii of bends measured to the inside of the 
bend shall not be less than specified in Table 360.24(B). 

360.56 Splices and Taps. Splices and taps shall be made 
in accordance with 300.15. 


II. Installation 

362.10 Uses Permitted. For the purpose of this article, the 
first floor of a building shall be that floor that has 50 per¬ 
cent or more of the exterior wall surface area level with or 
above finished grade. One additional level that is the first 
level and not designed for human habitation and used only 
for vehicle parking, storage, or similar use shall be permit- 
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ARTICLE 362 — ELECTRICAL NONMETALLIC TUBING: TYPE ENT 


ted. The use of ENT and fittings shall be permitted in the 
following: 

(1) In any building not exceeding three floors above grade 
as follows: 

a. For exposed work, where not prohibited by 362.12 

b. Concealed within walls, floors, and ceilings 

(2) In any building exceeding three floors above grade, 
ENT shall be concealed within walls, floors, and ceil¬ 
ings where the walls, floors, and ceilings provide a 
thermal barrier of material that has at least a 15-minute 
finish rating as identified in listings of fire-rated assem¬ 
blies. The 15-minute-finish-rated thermal barrier shall 
be permitted to be used for combustible or noncombus¬ 
tible walls, floors, and ceilings. 

Exception to (2): Where a fire sprinkler system(s) is in¬ 
stalled in accordance with NFPA 13-2010, Standard for the 
Installation of Sprinkler Systems, on all floors, ENT shall 
be permitted to be used within walls, floors, and ceilings, 
exposed or concealed, in buildings exceeding three floors 
abovegrade. 

Informational Note: A finish rating is established for as¬ 
semblies containing combustible (wood) supports. The fin¬ 
ish rating is defined as the time at which the wood stud or 
wood joist reaches an average temperature rise of 121°C 
(250°F) or an individual temperature of 163°C (325°F) as 
measured on the plane of the wood nearest the fire. A finish 
rating is not intended to represent a rating for a tneiubraue 
ceiling. 

(3) In locations subject to severe corrosive ljinuenca 
covered in 300.6 and where subject tol chemicals 
which the materials are specifically appro 

(4) In concealed, dry, and damp locations not prohil d by 
362.12. 

(5) Above suspended ceiling^^fcre the suspended ceil 
ings provide a thermal barrier of material tfiat has at 
least a 15-minute finish rating as identified Jp listings of 
fire-rated assemblies, except as permitted in 
362.10(l)(a). 

Exception to {5): ENT shall be permitted to be used above 
suspended ceilings in buildings exceeding three floors 
above grade where the building is protected throughout by 
a fire sprinkler system installed in accordance with 
NFPA 13-2010, Standard for the Installation of Sprinkler 
Systems. 

(6) Encased in poured concrete, or embedded in a concrete 
slab on grade where ENT is placed on sand or ap¬ 
proved screenings, provided fittings identified for this 
purpose are used for connections. 

(7) For wet locations indoors as permitted in this section or 
in a concrete slab on or belowgrade, with fittings listed 
for the purpose. 

(8) Metric designator 16 through 27 (trade size V 2 through 
1) as listed manufactured prewired assembly. 



Informational Note: Extreme cold may cause some types 
of nonmetallic conduits to become brittle and therefore 
more susceptible to damage from physical contact. 

(9) Conductors or cables rated at a temperature higher than 
the listed temperature rating of ENT shall be permitted 
to be installed in ENT, if the conductors or cables are 
not operated at a temperature higher than the listed 
temperature rating of the ENT. 

362.12 Uses Not Permitted. ENT shall not be used in the 

following: 

(1) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 

(2) For the support of luminaires and other equipment 

(3) Where subject to ambient temperatures in excess of 
50°C (122°F) unless listed otherwise 

(4) For direct earth burial 

(5) Where tjie vc^^ over 600 volts 

(6) In exposed locations, gxcept as permitted by 362.10(1), 
3(5), and 362.1 

(7) In theaters 'and similar locations, except as provided in 
ilMj«520.5 

(8) Where exposed to the direct rays of the sun, unless 
identifietlkas sunlight resistant 

e subject to physical damage 


Minimum. ENT smaller than metric designator 16 
de size Vi) shall not be used. 

(B) Maximum. ENT larger than metric designator 53 
(trade size 2) shall not be used. 

Informational Note: See 300.1(C) for the metric designa¬ 
tors and trade sizes. These are for identification purposes 
only and do not relate to actual dimensions. 

362.22 Number of Conductors. The number of conduc¬ 
tors shall not exceed that permitted by the percentage fill in 
Table 1, Chapter 9. 

Cables shall be permitted to be installed where such use 
is not prohibited by the respective cable articles. The num¬ 
ber of cables shall not exceed the allowable percentage fill 
specified in Table 1, Chapter 9. 

362.24 Bends — How Made. Bends shall be so made that 
the tubing will not be damaged and the internal diameter of 
the tubing will not be effectively reduced. Bends shall be 
permitted to be made manually without auxiliary equip¬ 
ment, and the radius of the curve to the centerline of such 
bends shall not be less than shown in Table 2, Chapter 9 
using the column “Other Bends.” 

362.26 Bends — Number in One Run. There shall not be 
more than the equivalent of four quarter bends (360 degrees 
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total) between pull points, for example, conduit bodies and 
boxes. 

362.28 Trimming. All cut ends shall be trimmed inside 
and outside to remove rough edges. 

362.30 Securing and Supporting. ENT shall be installed 
as a complete system in accordance with 300.18 and shall 
be securely fastened in place and supported in accordance 
with 362.30(A) and (B). 

(A) Securely Fastened. ENT shall be securely fastened at 
intervals not exceeding 900 mm (3 ft). In addition, ENT 
shall be securely fastened in place within 900 mm (3 ft) of 
each outlet box, device box. junction box, cabinet, or fitting 
where it terminates. 

Exception No. 1: Lengths not exceeding a distance of 1.8 
m (6 ft) from a luminaire terminal connection for tap con¬ 
nections to lighting luminaires shall be permitted without 
being secured. 

Exception No. 2: Lengths not exceeding 1.8 m (6 ft) from 
the last point where the raceway is securely fastened for 
connections within an accessible ceiling to luminaire(s) or 
other equipment. 

Exception No. 3: For concealed work in finished bu 
or prefinished wall panels where such securing is im I 
ticable, unbroken lengths (without couplina^mfiENT s\ 
be permitted to be fished. 

(B) Supports. Horizontal runs of E 
ings in framing members at inter 
900 mm (3 ft) and securely fastened witli'i 
of termination points shall be perm? 

362.46 Bushings. Where a tubing enters box, fitting, or 
other enclosure, a bushing or adapter shall be provided to 
protect the wire from abrasion unless the box, fitting, or 
enclosure design provides equivalent protection. 

Informational Note: See 300.4(G) for the protection of 
conductors size 4 AWG or larger. 

362.48 Joints. All joints between lengths of tubing and 
between tubing and couplings, fittings, and boxes shall be 
by an approved method. 



III. Construction Specifications 

362.100 Construction. ENT shall be made of material that 
does not exceed the ignitibility, flammability, smoke gen¬ 
eration, and toxicity characteristics of rigid (nonplasticized) 
polyvinyl chloride. 

ENT, as a prewired manufactured assembly, shall be 
provided in continuous lengths capable of being shipped in 
a coil, reel, or carton without damage. 

362.120 Marking. ENT shall be clearly and durably 
marked at least every 3 m (10 ft) as required in the first 
sentence of 110.21. The type of material shall also be in¬ 
cluded in the marking. Marking for limited smoke shall be 
permitted on the tubing that has limited smoke-producing 
characteristics^ 

The tyPjir size, and quantity of conductors used in 
prewired manufactured assemblies shall be identified by 
meanj^n a pBhted tag or label attached to each end of the 
manufactured assembly and either the carton, coil, or reel, 
enclosed conductors shall be marked in accordance 
G20. 


ARTICLE 366 
Auxiliary Gutters 



I. General 


366.1 Scope. This article covers the use, installation, and 
construction requirements of metallic auxiliary gutters and 
nonmetallic auxiliary gutters and associated fittings. [ROP 

8-96] 

366.2 Definitions. 

Metallic Auxiliary Gutter. A sheet metal enclosure used to 
supplement wiring spaces at meter centers, distribution cen¬ 
ters, switchgear, switchboards, and similar points of wiring 
systems. The enclosure has hinged or removable covers for 
housing and protecting electrical wires, cable, and busbars. 
The enclosure is designed for conductors to be laid or set in 
place after the enclosures have been installed as a complete 
system. [ROP 8-98, ROP 9-73a] 


362.56 Splices and Taps. Splices and taps shall be made 
only in accordance with 300.15. 

Informational Note: See Article 314 for rules on the in¬ 
stallation and use of boxes and conduit bodies. 

362.60 Grounding. Where equipment grounding is re¬ 
quired, a separate equipment grounding conductor shall be 
installed in the raceway in compliance with Article 250, 
Part VI. 


Nonmetallic Auxiliary Gutter. A flame retardant, non¬ 
metallic enclosure used to supplement wiring spaces at 
meter centers, distribution centers, switchgear, switch¬ 
boards, and similar points of wiring systems. The enclosure 
has hinged or removable covers for housing and protecting 
electrical wires, cable, and busbars. The enclosure is de¬ 
signed for conductors to be laid or set in place after the 
enclosures have been installed as a complete system. [ROP 
8-98, ROP 9-73a] 
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366.6 Listing Requirements. 

(A) Outdoors. Nonmetallic auxiliary gutters installed out¬ 
doors shall comply with the following: 

(1) Be listed as suitable for exposure to sunlight 

(2) Be listed as suitable for use in wet locations 

(3) Be listed for maximum ambient temperature of the 
installation 

(B) Indoors. Nonmetallic auxiliary gutters installed in¬ 
doors shall be listed for the maximum ambient temperature 
of the installation. 

II. Installation 


20 percent of the interior cross-sectional area of the sheet 
metal auxiliary gutter. The adjustment factors in 
310.15(B)(3)(a) shall be applied only where the number of 
current-carrying conductors, including neutral conductors 
classified as current-carrying under the provisions of 
310.15(B)(5), exceeds 30. Conductors for signaling circuits 
or controller conductors between a motor and its starter and 
used only for starting duty shall not be considered as 
current-carrying conductors. [ROP 8-96] 

(B) Nonmetallic Auxiliary Gutters. The sum of cross- 
sectional areas of all contained conductors at any cross 
section of the nonmetallic auxiliary gutter shall not exceed 
20 percent of the interior cross-sectional area of the non¬ 
metallic auxiliary gutter. 


366.10 Uses Permitted. 

(A) Sheet Metal Auxiliary Gutters. [ROP 8-96] 

(1) Indoor and Outdoor Use. Sheet metal auxiliary gut¬ 
ters shall be permitted for indoor and outdoor use. 

(2) Wet Locations. Sheet metal auxiliary gutters installed 
in wet locations shall be suitable for such locations. 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic auxil¬ 
iary gutters shall be listed for the maximum ambient tem 
perature of the installation and marked for the installed 
conductor insulation temperature rating. 

(1) Outdoors. Nonmetallic auxiliary gutters sja*Jt-T>e^ r- 
mitted to be installed outdoors where listed and markej s 
suitable for the purpose. 

Informational Note: Extreme cold may r ,§aiise ndnmt ic 
auxiliary gutters to become brittle and therefore mow s- 
ceptible to damage from physical contact. 

(2) Indoors. Nonmetallic auxili 
ted to be installed indoors. 

366.12 Uses Not Permitted. Auxiliary s shall not be 

used: 

(1) To enclose switches, overcurrent devices, appliances, 
or other similar equipment 

(2) To extend a greater distance than 9 m (30 ft) beyond 
the equipment that it supplements 


366.23 Ampacit ^Conductors. 




Gutters. Where the number of 
contained in the sheet metal 
the adjustment factors speci- 
ot apply. The current carried 
bare copper bars in sheet metal auxiliary 
not exceed 1.55 amperes/mm 2 (1000 
of cross section of the conductor. For alumi- 
urrent carried continuously shall not exceed 
m 2 (700 amperes/in. 2 ) of cross section of 


Nonmetallic Auxiliary Gutters. The adjustment fac- 
specified in 310.15(B)(3)(a) shall be applicable to the 
rrent-carrying conductors in the nonmetallic auxiliary 
gutter. 

366.30 Securing and Supporting. 

(A) Sheet Metal Auxiliary Gutters. Sheet metal auxiliary 
gutters shall be supported and secured throughout their en¬ 
tire length at intervals not exceeding 1.5 m (5 ft). 

(B) Nonmetallic Auxiliary Gutters. Nonmetallic auxil¬ 
iary gutters shall be supported and secured at intervals not 
to exceed 900 mm (3 ft) and at each end or joint, unless 
listed for other support intervals. In no case shall the dis¬ 
tance between supports exceed 3 m (10 ft). 


Exception: As permitted in 620.35 for elevators, an aux¬ 
iliary gutter shall be permitted to extend a distance greater 
than 9 m (30 ft) beyond the equipment it supplements. 

Informational Note: For wireways, see Articles 376 and 
378. For busways, see Article 368. 

366.22 Number of Conductors. 


366.44 Expansion Fittings. Expansion fittings shall be in¬ 
stalled where expected length change, due to expansion and 
contraction due to temperature change, is more than 6 mm 
(0.25 in.). 

366.56 Splices and Taps. Splices and taps shall comply 
with 366.56(A) through (D). 


(A) Sheet Metal Auxiliary Gutters. The sum of the cross- 
sectional areas of all contained conductors at any cross 
section of a sheet metal auxiliary gutter shall not exceed 


(A) Within Gutters. Splices or taps shall be permitted 
within gutters where they are accessible by means of re¬ 
movable covers or doors. The conductors, including splices 
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and taps, shall not fill the gutter to more than 75 percent of boxes, and at other locations where necessary to prevent 
its area. abrasion of the insulation of the conductors. 


(B) Bare Conductors. Taps from bare conductors shall 
leave the gutter opposite their terminal connections, and 
conductors shall not be brought in contact with uninsulated 
current-carrying parts of different potential. 

(C) Suitably Identified. All taps shall be suitably identi¬ 
fied at the gutter as to the circuit or equipment that they 
supply. 

(D) Overcurrent Protection. Tap connections from con¬ 
ductors in auxiliary gutters shall be provided with overcur¬ 
rent protection as required in 240.21. 


(D) Covers. Covers shall be securely fastened to the gutter. 

(E) Clearance of Bare Live Parts. Bare conductors shall 
be securely and rigidly supported so that the minimum 
clearance between bare current-carrying metal parts of dif¬ 
ferent potential mounted on the same surface will not be 
less than 50 mm (2 in.), nor less than 25 mm (1 in.) for 
parts that are held free in the air. A clearance not less than 
25 mm (1 in.) shall be secured between bare current- 
carrying metal parts and any metal surface. Adequate pro¬ 
visions shall be made for the expansion and contraction of 
busbars. 


366.58 Insulated Conductors. 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within an auxiliary gutter, either at 
the ends or where conduits, fittings, or other raceways or 
cables enter or leave the gutter, or where the direction of 
the gutter is deflected greater than 30 degrees, dimensions 
corresponding to one wire per terminal in Table 312.6(A) 
shall apply. 

(B) Auxiliary Gutters Used as Pull Boxes. Where 
lated conductors 4 AWG or larger are pulled throus 
auxiliary gutter, the distance between raceway and 
entries enclosing the same conductor shall not be less 
that required in 314.28(A)(1) for straight pulls 
314.28(A)(2) for angle pulls. 

366.60 Grounding. Sheet metal auxilil 
connected to an equipment^rounding.c ductor(s), to an 
equipment bonding jumper, or to the"g; indiwjEonductor 
where permitted or requiret^by 250.920 1) or 250.142. 

III. Construction Specificatii 
366.100 Construction. 




366.120 

(A) Outdoors; Non metal lie auxiliary gutters installed out- 
doras Miall have the following markings: 

Suitable for exposure to sunlight 
2) Suitable for use in wet locations 
) Installed conductor insulation temperature rating 

(B) Indoors. Nonmetallic auxiliary gutters installed in¬ 
doors shall be marked with the installed conductor insula- 

mperature rating. 


ARTICLE 368 
Busways 


I. General Requirements 

368.1 Scope. This article covers service-entrance, feeder, 
and branch-circuit busways and associated fittings. 


(A) Electrical and Mechanical Continuity. Gutters shall 
be constructed and installed so that adequate electrical and 
mechanical continuity of the complete system is secured. 

(B) Substantial Construction. Gutters shall be of substan¬ 
tial construction and shall provide a complete enclosure for 
the contained conductors. All surfaces, both interior and 
exterior, shall be suitably protected from corrosion. Corner 
joints shall be made tight, and where the assembly is held 
together by rivets, bolts, or screws, such fasteners shall be 
spaced not more than 300 mm (12 in.) apart. 

(C) Smooth Rounded Edges. Suitable bushings, shields, 
or fittings having smooth, rounded edges shall be provided 
where conductors pass between gutters, through partitions, 
around bends, between gutters and cabinets or junction 


368.2 Definition. 

Busway. A raceway consisting of a grounded metal enclo¬ 
sure containing factory-mounted, bare or insulated conduc¬ 
tors, which are usually copper or aluminum bars, rods, or 

tubes. [ROP 8-105] 

Informational Note: For cablebus, refer to Article 370. 

II. Installation 

368.10 Uses Permitted. Busways shall be permitted to be 
installed where they are located in accordance with 
368.10(A) through (C). 

(A) Exposed. Busways shall be permitted to be located in 
the open where visible, except as permitted in 368.10(C). 
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ARTICLE 368 — BUSWAYS 


(B) Behind Access Panels. Busways shall be permitted to 
be installed behind access panels, provided the busways are 
totally enclosed, of nonventilating-type construction, and 
installed so that the joints between sections and at fittings 
are accessible for maintenance purposes. Where installed 
behind access panels, means of access shall be provided, 
and either of the following conditions shall be met: 

(1) The space behind the access panels shall not be used 
for air-handling purposes. 

(2) Where the space behind the access panels is used for 
environmental air, other than ducts and plenums, there 
shall be no provisions for plug-in connections, and the 
conductors shall be insulated. 


(E) Working Platform. Lighting busway and trolley 
busway shall not be installed less than 2.5 m (8 ft) above 
the floor or working platform unless provided with an iden¬ 
tified cover. [ROP 8-106] 

368.17 Overcurrent Protection. Overcurrent protection 
shall be provided in accordance with 368.17(A) through 
(D). 

(A) Rating of Overcurrent Protection — Feeders. A 

busway shall be protected against overcurrent in accor¬ 
dance with the allowable current rating of the busway. 

Exception No. 1: The applicable provisions of 240.4 shall 
be permitted. 


(C) Through Walls and Floors. Busways shall be permit¬ 
ted to be installed through walls or floors in accordance 
with (C)(1) and (C)(2). 

(1) Walls. Unbroken lengths of busway shall be permitted 
to be extended through dry walls. 

(2) Floors. Floor penetrations shall comply with (a) and 
(b): 

(a) Busways shall be permitted to be extended verti¬ 
cally through dry floors if totally enclosed (unventilated 
where passing through and for a minimum distance of 1. 
m (6 ft) above the floor to provide adequate protection from 
physical damage. 

(b) In other than industrial establishme 
vertical riser penetrates two or more dry flo< 

100-mm (4-in.) high curb shall be installed 
openings for riser busways to prevent liquids 
the opening. The curb shall be i 
(12 in.) of the floor opening. Elj 
located so that it will not be 
retained by the curb. 


cal equipment s 



that are 


Informational Note: See 300.21 for informatioS'concern- 
ing the spread of fire or products of combustion. 

368.12 Uses Not Permitted. 


Exception No. 2: Where used as transformer secondary 
ties, the provisions of 450.6(A)(3) shall be permitted. 


(B) Reducti 

protection si 
ampacii 





pacity Size of Busway. Overcurrent 
where busways are reduced in 


Exception: Em industrial establishments only, omission of 
ovafturen/ pmtection shall be permitted at points where 
buswdys a0£ reduced in ampacity, provided that the length 
having the smaller ampacity does not exceed 
ind has an ampacity at least equal to one-third 
t setting of the overcurrent device next back on 
l provided that such busway is free from contact 
combustible material. 

Feeder or Branch Circuits. Where a busway is used 
as a feeder, devices or plug-in connections for tapping off 
feeder or branch circuits from the busway shall contain the 
overcurrent devices required for the protection of the feeder 
or branch circuits. The plug-in device shall consist of an 
externally operable circuit breaker or an externally operable 
fusible switch. Where such devices are mounted out of 
reach and contain disconnecting means, suitable means 
such as ropes, chains, or sticks shall be provided for oper¬ 
ating the disconnecting means from the floor. 


(A) Physical Damage. Busways shall not be installed 
where subject to severe physical damage or corrosive va¬ 
pors. 


Exception No. 1: As permitted in 240.21. 

Exception No. 2: For fixed or semifixed luminaires, where 
the branch-circuit overcurrent device is part of the lumi¬ 
naire cord plug on cord-connected luminaires. 


(B) Hoistways. Busways shall not be installed in hoist¬ 
ways. 

(C) Hazardous Locations. Busways shall not be installed 
in any hazardous (classified) location, unless specifically 
approved for such use. 

Informational Note: See 501.10(B). 


Exception No. 3: Where luminaires without cords are 
plugged directly into the busway and the overcurrent device 
is mounted on the luminaire. 

(D) Rating of Overcurrent Protection — Branch Cir¬ 
cuits. A busway used as a branch circuit shall be protected 
against overcurrent in accordance with 210.20. 


(D) Wet Locations. Busways shall not be installed out¬ 
doors or in wet or damp locations unless identified for such 
use. 


368.30 Support. Busways shall be securely supported at 
intervals not exceeding 1.5 m (5 ft) unless otherwise de¬ 
signed and marked. 
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368.56 Branches from Busways. Branches from busways 
shall be permitted to be made in accordance with 
368.56(A), (B), and (C). 

(A) General. Branches from busways shall be permitted to 
use any of the following wiring methods: 


(C) Branches from Trolley-Type Busways. Suitable cord 
and cable assemblies approved for extra-hard usage or hard 
usage and listed bus drop cable shall be permitted as 
branches from trolley-type busways for the connection of 
movable equipment in accordance with 400.7 and 400.8. 


(1) Type AC armored cable 

(2) Type MC metal-clad cable 

(3) Type MI mineral-insulated, metal-sheathed cable 

(4) Type IMC intermediate metal conduit 

(5) Type RMC rigid metal conduit 

(6) Type FMC flexible metal conduit 

(7) Type LFMC liquidtight flexible metal conduit 

(8) Type PVC rigid polyvinyl chloride conduit 

(9) Type RTRC reinforced thermosetting resin conduit 

(10) Type LFNC liquidtight flexible nonmetallic conduit 

(11) Type EMT electrical metallic tubing 

(12) Type ENT electrical nonmetallic tubing 

(13) Busways 

(14) Strut-type channel raceway 

(15) Surface metal raceway 

(16) Surface nonmetallic raceway 

Where a separate equipment grounding conduqor'i^^fc 
used, connection of the equipment grounding conductor to 
the busway shall comply with 250.8 and °‘' l— “ n - 


(B) Cord and Cable Assemblies. Suj 

assemblies approved for extra-hard 
listed bus drop cable shall be pcrmittt? 
busways for the connection 
connection of stationary equipment 
change in accordance w< 
ing conditions: 

(1) The cord or cable shall 
an approved means. 

(2) The length of the cord or cablegram a busway plug-in 
device to a suitable tension take-up support device shall 
not exceed 1.8 m (6 ft). 



e cord 1 and cabfl 
or hard usage and 
nche^^mi 
uipment or the 
ilitate their inter- 
and the follow- 

the building by 


368.58 Dead Ends. A dead end of a busway shall be 
closed. 

368.60 Grounding. Busway shall be connected to an 
equipment grounding conductor(s), to an equipment bond¬ 
ing jumper, or to the grounded conductor where permitted 
or required by 250.92(B)(1) or 250.142. 

III. Construction 

368.120 Marking. Busways shall be marked with the volt¬ 
age and ..ccrawnt rating for which they are designed, and 
manufacturer’s name or trademark in such a man- 
s to be visible after installation. 

:| u i rements for Over 600 Volts, Nominal 

Adjacent and Supporting Structures. Metal- 
I busways shall be installed so that temperature rise 
Suced circulating currents in any adjacent metallic 
pafTS^will not be hazardous to personnel or constitute a fire 
hazard. 

368.234 Barriers and Seals. 

(A) Vapor Seals. Busway runs that have sections located 
both inside and outside of buildings shall have a vapor seal 
at the building wall to prevent interchange of air between 
indoor and outdoor sections. 

Exception: Vapor seals shall not be required in forced- 
cooled bus. 

(B) Fire Barriers. Fire barriers shall be provided where 
fire walls, floors, or ceilings are penetrated. 


(3) The cord and cable shall be installed as a vertical riser 
from the tension take-up support device to the equip¬ 
ment served. 

(4) Strain relief cable grips shall be provided for the cord 
or cable at the busway plug-in device and equipment 
terminations. 


Informational Note: See 300.21 for information concern¬ 
ing the spread of fire or products of combustion. 

368.236 Drain Facilities. Drain plugs, filter drains, or 
similar methods shall be provided to remove condensed 
moisture from low points in busway run. 


Exception to (B)(2): In industrial establishments only, 
where the conditions of maintenance and supervision en¬ 
sure that only qualified persons service the installation , 
lengths exceeding 1.8 m (6 ft) shall be permitted between 
the busway plug-in device and the tension take-up support 
device where the cord or cable is supported at intervals not 
exceeding 2.5 m (8 ft). 


368.237 Ventilated Bus Enclosures. Ventilated busway 
enclosures shall be installed in accordance with Article 110, 
Part III, and 490.24. 

368.238 Terminations and Connections. Where bus en¬ 
closures terminate at machines cooled by flammable gas, 
seal-off bushings, baffles, or other means shall be provided 
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to prevent accumulation of flammable gas in the busway 
enclosures. 

All conductor termination and connection hardware 
shall be accessible for installation, connection, and mainte¬ 
nance. 


ARTICLE 370 
Cablebus 


[ROP 8-109a] 


368.239 Switches. Switching devices or disconnecting 
links provided in the busway run shall have the same mo¬ 
mentary rating as the busway. Disconnecting links shall be 
plainly marked to be removable only when bus is de¬ 
energized. Switching devices that are not load-break shall 
be interlocked to prevent operation under load, and discon¬ 
necting link enclosures shall be interlocked to prevent ac¬ 
cess to energized parts. 

368.240 Wiring 600 Volts or Less, Nominal. Secondary 
control devices and wiring that are provided as part of the 
metal-enclosed bus run shall be insulated by fire-retardant 
barriers from all primary circuit elements with the excep¬ 
tion of short lengths of wire, such as at instrument trans¬ 
former terminals. 

368.244 Expansion Fittings. Flexible or expansion con¬ 
nections shall be provided in long, straight runs of bus to. 
allow for temperature expansion or contraction, or where 
the busway run crosses building vibration insulation joints. 

368.258 Neutral Conductor. Neutral bus, whi 
shall be sized to carry all neutral load cui 
harmonic currents, and shall have adequate 
short-circuit rating consistent with system reqi 


368.260 Grounding. Metal-i 
grounded. 

368.320 Marking. Each busway 
with a permanent nameplate on which 
mation shall be provided: 



provided 
owing infor- 


I. General 

370.1 Scope. This article covers the use and installation 
requirements of cablebus and associated fittings. 

370.2 Definition. 

Cablebus. An assembly of units or sections with insulated 
conductors with associated fittings forming a structural sys¬ 
tem used to securely fasten or support conductors and con¬ 
ductor terminations in a completely enclosed ventilated 
protective metal nouskig. Cablebus is ordinarily assembled 
at the point of installation from the components furnished 
or specified by the manufacturer in accordance with in¬ 
structions for the specific jolr This assembly is designed to 
cany fault current and to withstand the magnetic forces of 
such 




s Permitted. Approved cablebus shall be per¬ 
iled: 

1 ) At any voltage or current for which spaced conductors 
are rated and shall be installed only for exposed work, 
except as permitted in 370.18. 

(2) For branch circuits, feeders, and services. 

(3) To be installed outdoors or in corrosive, wet, or damp 
locations where identified for the use. 

370.12 Uses Not Permitted. Cablebus shall not be permit¬ 
ted to be installed: 

(1) In hoistways. 


(1) Rated voltage. 

(2) Rated continuous current; if bus is forced-cooled, both 
the normal forced-cooled rating and the self-cooled 
(not forced-cooled) rating for the same temperature rise 
shall be given. 

(3) Rated frequency. 

(4) Rated impulse withstand voltage. 

(5) Rated 60-Hz withstand voltage (dry). 

(6) Rated momentary current. 

(7) Manufacturer’s name or trademark. 

Informational Note: See ANSI C37.23-1987 (R1991), 
Guide for Metal-Enclosed Bus and Calculating Losses in 
Isolated-Phase Bus, for construction and testing require¬ 
ments for metal-enclosed buses. 


(2) In hazardous (classified) locations unless specifically 
approved for the use. 

370.18 Cablebus Installation. 

(A) Transversely Routed. Cablebus shall be permitted to 
extend transversely through partitions or walls, other than 
fire walls, provided the section within the wall is continu¬ 
ous, protected against physical damage, and unventilated. 

(B) Through Dry Floors and Platforms. Except where 
firestops are required, cablebus shall be permitted to extend 
vertically through dry floors and platforms, provided the 
cablebus is totally enclosed at the point where it passes 
through the floor or platform and for a distance of 1.8 m 
(6 ft) above the floor or platform. 
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372.4 


(C) Through Floors and Platforms in Wet Locations. 

Except where firestops are required, cablebus shall be per¬ 
mitted to extend vertically through floors and platforms in 
wet locations where: 

(1) There are curbs or other suitable means to prevent wa- 
terflow through the floor or platform opening, and 

(2) Where the cablebus is totally enclosed at the point 
where it passes through the floor or platform and for a 
distance of 1.8 m (6 ft) above the floor or platform. 

370.20 Conductor Size and Termination. 


(4) Additional physical protection where required, such as 
guards where subject to severe physical damage. 

370.60 Grounding. A cablebus system shall be grounded 

and/or bonded as applicable: 

(1) Cablebus framework, where bonded, shall be permitted 
to be used as the equipment grounding conductor for 
branch circuits and feeders. 

(2) A cablebus installation shall be grounded and bonded 
in accordance with Article 250, excluding 250.86, Ex¬ 
ception No. 2. 


(A) Conductors. The current carrying conductors in cable- 
bus shall: 

(1) Have an insulation rating of 75°C (167°F) or higher 
and be an approved type suitable for the application. 

(2) Be sized in accordance with the design of the cablebus, 
in no case smaller than 1/0. 

(B) Termination. Approved terminating means shall be 
used for connections to cablebus conductors. 

370.22 Number of Conductors. The number of conduc¬ 
tors shall be that for which the cablebus is designed. 


370.23 Overcurrent Protection. Cablebus shall bi 
tected against overcurrent in accordance with the alio 
ampacity of the cablebus conductors in accocclance 
240.4. 

Exception: Overcurrent protection 
accordance with 240.100 and 240.1 
nominal. 


370.30 Securing and S' 


(A) Cablebus Supports. 

ported at intervals not exceei 
longer than 3.7 m (12 ft) are re* 
specifically designed for the requii 




ie securely sup- 
ft). Where spans 
e structure shall be 
span length. 


370.80 Ampacity of Conductors. The ampacity of con¬ 
ductors in cablebus shall be in accordance with Table 
310.15(B)(17) and , or with Table 310.60(C)(69) and Table 
310.60(C)(7|§:for installations over 600 Volts. 


III. 




Specifications 


120 Marking. Each section of cablebus shall be 
ith the mamfacturer’s name or trade designation 
maximum diameter, number, voltage rating, and 
city of the conductors to be installed. Markings shall 
be located so as to be visible after installation. 


ARTICLE 372 

Cellular Concrete Floor Raceways 

372.1 Scope. This article covers cellular concrete floor 
raceways, the hollow spaces in floors constructed of precast 
cellular concrete slabs, together with suitable metal fittings 
designed to provide access to the floor cells. 

372.2 Definitions. 


(B) Conductor Supports. The insulated conductors shall 
be supported on blocks or other identified mounting means. 

The individual conductors in a cablebus shall be sup¬ 
ported at intervals not greater than 900 mm (3 ft) for hori¬ 
zontal runs and 450 mm (1.5 ft) for vertical runs. Vertical 
and horizontal spacing between supported conductors shall 
not be less than one conductor diameter at the points of 
support. 


Cell. A single, enclosed tubular space in a floor made of 
precast cellular concrete slabs, the direction of the cell be¬ 
ing parallel to the direction of the floor member. 

Header. Transverse metal raceways for electrical conduc¬ 
tors, providing access to predetermined cells of a precast 
cellular concrete floor, thereby permitting the installation of 
electrical conductors from a distribution center to the floor 
cells. 


370.42 Fittings. A cablebus system shall include approved 
fittings for the following: 

(1) Changes in horizontal or vertical direction of the run. 

(2) Dead ends. 

(3) Terminations in or on connected apparatus or equip¬ 
ment or the enclosures for such equipment. 


372.4 Uses Not Permitted. Conductors shall not be in¬ 
stalled in precast cellular concrete floor raceways as fol¬ 
lows: 

(1) Where subject to corrosive vapor 

(2) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 
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372.5 


ARTICLE 374 — CELLULAR METAL FLOOR RACEWAYS 


(3) In commercial garages, other than for supplying ceiling 
outlets or extensions to the area below the floor but not 
above 

Informational Note: See 300.8 for installation of conduc¬ 
tors with other systems. 

372.5 Header. The header shall be installed in a straight 
line at right angles to the cells. The header shall be me¬ 
chanically secured to the top of the precast cellular concrete 
floor. The end joints shall be closed by a metal closure 
fitting and sealed against the entrance of concrete. The 
header shall be electrically continuous throughout its entire 
length and shall be electrically bonded to the enclosure of 
the distribution center. 


conductors supplying the outlet shall be removed from the 
raceway. No splices or reinsulated conductors, such as 
would be the case of abandoned outlets on loop wiring, 
shall be allowed in raceways. 

372.17 Ampacity of Conductors. The ampacity adjust¬ 
ment factors, provided in 310.15(B)(3), shall apply to con¬ 
ductors installed in cellular concrete floor raceways. 


ARTICLE 374 

Cellular Metal Floor Raceways 


372.6 Connection to Cabinets and Other Enclosures. 

Connections from headers to cabinets and other enclosures 
shall be made by means of listed metal raceways and listed 
fittings. 

372.7 Junction Boxes. Junction boxes shall be leveled to 
the floor grade and sealed against the free entrance of water 
or concrete. Junction boxes shall be of metal and shall be 
mechanically and electrically continuous with the header. 

372.8 Markers. A suitable number of markers shall be 
installed for the future location of cells. 

372.9 Inserts. Inserts shall be leveled and sealed agilrast 
the entrance of concrete. Inserts shall be of metal and shall 
be fitted with grounded-type receptacles. A groundU 
ductor shall connect the insert recegj^jes to a positive 
ground connection provided on the header. Where cutting 
through the cell wall for setting inserts or other purposes 
(such as providing access openings between header and 
cells), chips and other dirt shall not fallowed to remain in 
the raceway, and the tool used shall be Resigned so as to 
prevent the tool from entering the cell and damaging the 
conductors. 


374.1 Scope. T 

requirements 


tide covers the use and installation 
ular metal floor raceways. 



374.2 Definitions. 

Cellular MetalFloor Raceway. The hollow spaces of cel¬ 
lular metal .s^^rs, together with suitable fittings, that may 
be approved as enclosed channel for electrical conductors. 

[ROP 8-119] 

sing^enclosed tubular space in a cellular metal 
floor member, the axis of the cell being parallel to the axis 
' the metal floor member. 

eader. A transverse raceway for electrical conductors, 
oviding access to predetermined cells of a cellular metal 
^fioor, thereby permitting the installation of electrical con¬ 
ductors from a distribution center to the cells. 

374.3 Uses Not Permitted. Conductors shall not be in¬ 
stalled in cellular metal floor raceways as follows: 

(1) Where subject to corrosive vapor 

(2) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 


372.10 Size of Conductors. No conductor larger than 1/0 
AWG shall be installed, except by special permission. 


(3) In commercial garages, other than for supplying ceiling 
outlets or extensions to the area below the floor but not 
above 


372.11 Maximum Number of Conductors. The com¬ 
bined cross-sectional area of all conductors or cables shall 
not exceed 40 percent of the cross-sectional area of the cell 
or header. 


Informational Note: See 300.8 for installation of conduc¬ 
tors with other systems. 

I. Installation 


372.12 Splices and Taps. Splices and taps shall be made 
only in header access units or junction boxes. A continuous 
unbroken conductor connecting the individual outlets is not 
a splice or tap. 

372.13 Discontinued Outlets. When an outlet is aban¬ 
doned, discontinued, or removed, the sections of circuit 


374.4 Size of Conductors. No conductor larger than 1/0 
AWG shall be installed, except by special permission. 

374.5 Maximum Number of Conductors in Raceway. 

The combined cross-sectional area of all conductors or 
cables shall not exceed 40 percent of the interior cross- 
sectional area of the cell or header. 
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376.21 


374.6 Splices and Taps. Splices and taps shall be made 
only in header access units or junction boxes. 

For the purposes of this section, so-called loop wiring 
(continuous unbroken conductor connecting the individual 
outlets) shall not be considered to be a splice or tap. 

374.7 Discontinued Outlets. When an outlet is aban¬ 
doned, discontinued, or removed, the sections of circuit 
conductors supplying the outlet shall be removed from the 
raceway. No splices or reinsulated conductors, such as 
would be the case with abandoned outlets on loop wiring, 
shall be allowed in raceways. 


II. Construction Specifications 

374.100 General. Cellular metal floor raceways shall be 
constructed so that adequate electrical and mechanical con¬ 
tinuity of the complete system will be secured. They shall 
provide a complete enclosure for the conductors. The inte¬ 
rior surfaces shall be free from burrs and sharp edges, and 
surfaces over which conductors are drawn shall be smooth. 
Suitable bushings or fittings having smooth rounded edges 
shall be provided where conductors pass. 


374.8 Markers. A suitable number of markers shall be 
installed for locating cells in the future. 

374.9 Junction Boxes. Junction boxes shall be leveled to 
the floor grade and sealed against the free entrance of water 
or concrete. Junction boxes used with these raceways shall 
be of metal and shall be electrically continuous with the 
raceway. 


374.10 Inserts. Inserts shall be leveled to the floor grade 
and sealed against the entrance of concrete. Inserts sbflfaLhe 
of metal and shall be electrically continuous with thi 
way. In cutting through the cell wall and setting i 
chips and other dirt shall not be allowed to remain in 
raceway, and tools shall be used that are tic signed to 
vent the tool from entering the cell and damaging the 
ductors. 


374.11 Connection to Cabinets and Extensions from 
Cells. Connections between raceway^Bd distribution cen¬ 
ters and wall outlets shtnH^ made by uSmis of liquidtight 
flexible metal conduit, flexible metal conduit where not 
installed in concrete, rigid metal conauit, intermediate 
metal conduit, electrical metallic tubing, or approved fit¬ 
tings. Where there are provisions for the termination of an 
equipment grounding conductor, rigid polyvinyl chloride 
conduit, reinforced thermosetting resin conduit, electrical 
nonmetallic tubing, or liquidtight flexible nonmetallic con¬ 
duit shall be permitted. Where installed in concrete, liq¬ 
uidtight flexible metal conduit and liquidtight flexible non¬ 
metallic conduit shall be listed and marked for direct burial. 


ARTICLE 376 
Metal Wireways 


5.1 Scope. This article covers the use, installation, and 
e&nstruchon specifications for metal wireways and associ¬ 
ated fittings. 



pi re wavs. Sheet metal troughs with hinged or re- 
51e covers for housing and protecting electrical wires 

and cable and in which conductors are laid in place after 

the raceway has been installed as a complete system. [ROP 

8-132] 

II. Installation 

376.10 Uses Permitted. The use of metal wireways shall 

be permitted as follows: 

(1) For exposed work. 

(2) In any hazardous (classified) location, as permitted by 
other articles in this Code. 

(3) In wet locations where wireways are listed for the pur¬ 
pose. 

(4) In concealed spaces as an extension that passes trans¬ 
versely through walls, if the length passing through the 
wall is unbroken. Access to the conductors shall be 
maintained on both sides of the wall. 


[ROP 8-120a, ROP 8-126] 

Informational Note: Liquidtight flexible metal conduit and 
liquidtight flexible nonmetallic conduit that is suitable for 
installation in concrete is listed and marked for direct 
burial. 


376.12 Uses Not Permitted. Metal wireways shall not be 
used in the following: 

(1) Where subject to severe physical damage 

(2) Where subject to severe corrosive environments 


374.17 Ampacity of Conductors. The ampacity adjust¬ 
ment factors in 310.15(B)(3) shall apply to conductors in¬ 
stalled in cellular metal floor raceways. 


376.21 Size of Conductors. No conductor larger than that 
for which the wireway is designed shall be installed in any 
wireway. 
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376.22 


ARTICLE 376 — METAL WIREWAYS 


376.22 Number of Conductors and Ampacity. The num¬ 
ber of conductors and their ampacity shall comply with 
376.22(A) and (B). 

(A) Cross-Sectional Areas of Wireway. The sum of the 

cross-sectional areas of all contained conductors at any 
cross section of a wireway shall not exceed 20 percent of 
the interior cross-sectional area of the wireway. 


376.56 Splices, Taps, and Power Distribution Blocks. 

(A) Splices and Taps. Splices and taps shall be permitted 
within a wireway, provided they are accessible. The con¬ 
ductors, including splices and taps, shall not fill the wire¬ 
way to more than 75 percent of its area at that point. 

(B) Power Distribution Blocks. 


(B) Adjustment Factors. The adjustment factors in 
310.15(B)(3)(a) shall be applied only where the number of 
current-carrying conductors, including neutral conductors 
classified as current-carrying under the provisions of 
310.15(B)(5), exceeds 30 at any cross section of the wire¬ 
way. Conductors for signaling circuits or controller conduc¬ 
tors between a motor and its starter and used only for start¬ 
ing duty shall not be considered as current-carrying 
conductors. [ROP 8-137] 

376.23 Insulated Conductors. Insulated conductors in¬ 
stalled in a metallic wireway shall comply with 376.23(A) 
and (B). 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within a metallic wireway, either 
at the ends or where conduits, fittings, or other raceways or 
cables enter or leave the metallic wireway, or where the 
direction of the metallic wireway is deflected greater than 
30 degrees, dimensions corresponding to one wife per ter¬ 
minal in Table 312.6(A) shall apply. 

(B) Metallic Wireways Used as Pull Boxe: 

lated conductors 4 AWG or larger ju^aiillei 
wireway, the distance between r; 
enclosing the same conductoi' shall not be less tha: 
required by 314.28(A)(1) for straight pulls and 
314.28(A)(2) for angle pulls. When transposinAcable size 
into raceway size, the minimum metric designator (trade 
size) raceway required for the number Sid size of conduc¬ 
tors in the cable shall be used. 

376.30 Securing and Supporting. Metal wireways shall 
be supported in accordance with 376.30(A) and (B). 


(1) Installation. Power distribution blocks installed in 
metal wireways shall be listed. 

(2) Size of Enclosure. In addition to the wiring space re¬ 
quirement in 376.56(A), the power distribution block shall 
be installed in a wireway with dimensions not smaller than 
specified in the installation instructions of the power distri¬ 
bution block. 


(3) Wire Benj 
minals of 
312.6(B), 




pace. Wire bending space at the ter- 
stnbution blocks shall comply with 


(4) Live Parts. Power distribution blocks shall not have 
uninsulated live parts exposed within a wireway, whether 
or not tno wireway cover is installed. 

Through Conductors. Where the wireway is used for 
rs that do not terminate on the power distribution 
through conductors shall be arranged so the 
er distribution block terminals are unobstructed follow- 
installation. [ROP 8-142] 

6.58 Dead Ends. Dead ends of metal wireways shall be 
closed. 

376.70 Extensions from Metal Wireways. Extensions 
from wireways shall be made with cord pendants installed 
in accordance with 400.10 or with any wiring method in 
Chapter 3 that includes a means for equipment grounding. 
Where a separate equipment grounding conductor is em¬ 
ployed, connection of the equipment grounding conductors 
in the wiring method to the wireway shall comply with 
250.8 and 250.12. 


(A) Horizontal Support. Wireways shall be supported 
where run horizontally at each end and at intervals not to 
exceed 1.5 m (5 ft) or for individual lengths longer than 1.5 
m (5 ft) at each end or joint, unless listed for other support 
intervals. The distance between supports shall not exceed 3 
m (10 ft). 


III. Construction Specifications 
376.100 Construction. 

(A) Electrical and Mechanical Continuity. Wireways 
shall be constructed and installed so that electrical and me¬ 
chanical continuity of the complete system are assured. 


(B) Vertical Support. Vertical runs of wireways shall be 
securely supported at intervals not exceeding 4.5 m (15 ft) 
and shall not have more than one joint between supports. 
Adjoining wire way sections shall be securely fastened to¬ 
gether to provide a rigid joint. 


(B) Substantial Construction. Wireways shall be of sub¬ 
stantial construction and shall provide a complete enclosure 
for the contained conductors. All surfaces, both interior and 
exterior, shall be suitably protected from corrosion. Corner 
joints shall be made tight, and where the assembly is held 
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378.30 


together by rivets, bolts, or screws, such fasteners shall be 
spaced not more than 300 mm (12 in.) apart. 

(C) Smooth Rounded Edges. Suitable bushings, shields, 
or fittings having smooth, rounded edges shall be provided 
where conductors pass between wireways, through parti¬ 
tions, around bends, between wireways and cabinets or 
junction boxes, and at other locations where necessary to 
prevent abrasion of the insulation of the conductors. 

(D) Covers. Covers shall be securely fastened to the wire¬ 
way. 

376.120 Marking. Metal wireways shall be so marked that 
their manufacturer’s name or trademark will be visible after 
installation. 


ARTICLE 378 
Nonmetallic Wireways 


I. General 


378.1 Scope. This article covers the use, installatio 
construction specifications for nonmetallic wireways 
associated fittings. 



nonmet; 
protecting 
laid in 
complete 


lie wireways and 


378.2 Definition. 

Nonmetallic Wireways. Flame ret; 
troughs with removable covers fob 
electrical wires and cables in which 
place after the raceway has been insta' 
system. [ROP 8-144] 

378.6 Listing Requirements. NO 

associated fittings shall be listed. 

II. Installation 


378.10 Uses Permitted. The use of nonmetallic wireways 
shall be permitted in the following: 

(1) Only for exposed work, except as permitted in 
378.10(4). 

(2) Where subject to corrosive environments where identi¬ 
fied for the use. 

(3) In wet locations where listed for the purpose. 

Informational Note: Extreme cold may cause nonmetallic 
wireways to become brittle and therefore more susceptible 
to damage from physical contact. 

(4) As extensions to pass transversely through walls if the 
length passing through the wall is unbroken. Access to 



the conductors shall be maintained on both sides of the 
wall. 

378.12 Uses Not Permitted. Nonmetallic wireways shall 
not be used in the following: 

(1) Where subject to physical damage 

(2) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 

(3) Where exposed to sunlight unless listed and marked as 
suitable for the purpose 

(4) Where subject to ambient temperatures other than those 
for which nonmetallic wireway is listed 

(5) For conductors whose insulation temperature limita¬ 
tions would exceed those for which the nonmetallic 
wireway js:Jisted 

378.21 Size- of Conductors. No conductor larger than that 
for which the nonmetallic wireway is designed shall be 
installed in any nonmetallic wireway. 

Number of Conductors. The sum of cross- 
sectiqaaF areas of all contained conductors at any cross 
the nonmetallic wireway shall not exceed 20 per- 
the interior cross-sectional area of the nonmetallic 
Conductors for signaling circuits or controller 
Is between a motor and its starter and used only 
ing duty shall not be considered as current-carrying 
conductors. 

The adjustment factors specified in 310.15(B)(3)(a) 
shall be applicable to the current-carrying conductors up to 
and including the 20 percent fill specified above. 

378.23 Insulated Conductors. Insulated conductors in¬ 
stalled in a nonmetallic wireway shall comply with 
378.23(A) and (B). 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within a nonmetallic wireway, ei¬ 
ther at the ends or where conduits, fittings, or other race¬ 
ways or cables enter or leave the nonmetallic wireway, or 
where the direction of the nonmetallic wireway is deflected 
greater than 30 degrees, dimensions corresponding to one 
wire per terminal in Table 312.6(A) shall apply. 

(B) Nonmetallic Wireways Used as Pull Boxes. Where 
insulated conductors 4 AWG or larger are pulled through a 
wireway, the distance between raceway and cable entries 
enclosing the same conductor shall not be less than that 
required in 314.28(A)(1) for straight pulls and in 
314.28(A)(2) for angle pulls. When transposing cable size 
into raceway size, the minimum metric designator (trade 
size) raceway required for the number and size of conduc¬ 
tors in the cable shall be used. 

378.30 Securing and Supporting. Nonmetallic wireway 
shall be supported in accordance with 378.30(A) and (B). 
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378.44 


ARTICLE 380 — MULTIOUTLET ASSEMBLY 


(A) Horizontal Support. Nonmetallic wireways shall be 
supported where run horizontally at intervals not to exceed 
900 mm (3 ft), and at each end or joint, unless listed for 
other support intervals. In no case shall the distance be¬ 
tween supports exceed 3 m (10 ft). 

(B) Vertical Support. Vertical runs of nonmetallic wire¬ 
way shall be securely supported at intervals not exceeding 
1.2 m (4 ft), unless listed for other support intervals, and 
shall not have more than one joint between supports. Ad¬ 
joining nonmetallic wire way sections shall be securely fas¬ 
tened together to provide a rigid joint. 


ARTICLE 380 
Multioutlet Assembly 


I. General 

380.1 Scope. This article covers the use and installation 
requirements for multioutlet assemblies. 

Informational Note: See the definition of multioutlet as¬ 
sembly in Article 100. 


378.44 Expansion Fittings. Expansion fittings for nonme¬ 
tallic wireway shall be provided to compensate for thermal 
expansion and contraction where the length change is ex¬ 
pected to be 6 mm (0.25 in.) or greater in a straight run. 

Informational Note: See Table 352.44 for expansion char¬ 
acteristics of PVC conduit. The expansion characteristics of 
PVC nonmetallic wireway are identical. 

378.56 Splices and Taps. Splices and taps shall be permit¬ 
ted within a nonmetallic wireway, provided they are acces¬ 
sible. The conductors, including splices and taps, shall not 
fill the nonmetallic wireway to more than 75 percent of its 
area at that point. 


378.58 Dead Ends. Dead ends of nonmei 
shall be closed using listed fittings. 


II. Installation 

380.10 Uses Permitted. The use of a multioutlet assembly 
shall be permitted in dry locations. 


380.12 Us 

not be installed as 




. A multioutlet assembly shall 


V 


378.60 Grounding. Where equip 
quired, a separate equipment gr< 
installed in the nonmetallic wi¬ 
grounding conductor shall not' 
grounded conductor is used to grourJI 
ted in 250.142. 



re- 
^be 

kquipment 
_ required where the 
uipment as permit- 


378.70 Extensions from Nonmetallic Wireways. Exten¬ 
sions from nonmetallic wireway shall be made with cord 
pendants or any wiring method of Chapter 3. A separate 
equipment grounding conductor shall be installed in, or an 
equipment grounding connection shall be made to, any of 
the wiring methods used for the extension. 


e concealed, except that it shall be permissible to 
back and sides of a metal multioutlet as- 
the building finish or recess a nonmetallic 
assembly in a baseboard 
ect to severe physical damage 
voltage is 300 volts or more between con¬ 
nless the assembly is of metal having a thick¬ 
ness of not less than 1.02 mm (0.040 in.) 

Where subject to corrosive vapors 
In hoistways 

(6) In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 

380.23 Insulated Conductors. For field assembled multi¬ 
outlet assemblies, insulated conductors shall comply with 
380.23(A) and (B), as applicable. [ROP 8-145], 

(A) Deflected Insulated Conductors. Where insulated 
conductors are deflected within a multioutlet assembly, ei¬ 
ther at the ends or where conduits, fittings, or other race¬ 
ways or cables enter or leave the multioutlet assembly, or 
where the direction of the multioutlet assembly is deflected 
greater than 30 degrees, dimensions corresponding to one 
wire per terminal in Table 312.6(A) shall apply. 


III. Construction Specifications 

378.120 Marking. Nonmetallic wireways shall be marked 
so that the manufacturer’s name or trademark and interior 
cross-sectional area in square inches shall be visible after 
installation. Marking for limited smoke shall be permitted 
on the nonmetallic wireways that have limited smoke- 
producing characteristics. 


(B) Multioutlet Assemblies Used as Pull Boxes. Where 
insulated conductors 4 AWG or larger are pulled through a 
multioutlet assembly, the distance between raceway and 
cable entries enclosing the same conductor shall not be less 
than that required by 314.28(A)(1) for straight pulls and 
314.28(A)(2) for angle pulls. When transposing cable size 
into raceway size, the minimum metric designator (trade 
size) raceway required for the number and size of conduc¬ 
tors in the cable shall be used. 
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382.30 


380.76 Metal Multioutlet Assembly Through Dry Parti¬ 
tions. It shall be permissible to extend a metal multioutlet 
assembly through (not run within) dry partitions if arrange¬ 
ments are made for removing the cap or cover on all ex¬ 
posed portions and no outlet is located within the partitions. 


comply with 250.130(C), 406.4(D)(3)(b), or 

406.4(D)(3)(c). 

(B) Exposed and in a Dry Location. The extension shall 
be run exposed, or concealed as permitted in 382.15, and in 
a dry location. 


ARTICLE 382 
Nonmetallic Extensions 


I. General 

382.1 Scope. This article covers the use, installation, and 
construction specifications for nonmetallic extensions. 

382.2 Definitions. 

Concealable Nonmetallic Extension. A listed assembly of 
two, three, or four insulated circuit conductors within a 
nonmetallic jacket, an extruded thermoplastic covering, or 
a sealed nonmetallic covering. The classification includes 
surface extensions intended for mounting directly on the 
surface of walls or ceilings, and concealed with pail 
ture, joint compound, plaster, wallpaper, tile, wall pan! 
or other similar materials. 

Nonmetallic Extension. An assembly 
conductors within a nonmetallic jacket of 
moplastic covering. The classification include! 
tensions intended for mounting direct! 
walls or ceilings. 

382.6 Listing Requirements. Concealable nonmetallic ex¬ 
tensions and associated fittings and device! shall be listed. 
The starting/source tap device for the extension shall con¬ 
tain and provide the following protection for all load-side 
extensions and devices. 

(1) Supplementary overcurrent protection 

(2) Level of protection equivalent to a Class A GFCI 

(3) Level of protection equivalent to a portable GFCI 

(4) Line and load-side miswire protection 

(5) Provide protection from the effects of arc faults 


(C) Residential or Offices. For nonmetallic surface exten¬ 
sions mounted directly on the surface of walls or ceilings, 
the building shall be occupied for residential or office pur¬ 
poses and shall not exceed three floors abovegrade. Where 
identified for the use, concealable nonmetallic extensions 
shall be permitted more than three floors abovegrade. 

Informational Note No. 1: See 310.15(A)(3) for tempera¬ 
ture limitation of conductors. 


Informati 
First Fi 




ote No. 2: See 362.10 for definition of 


382.12 Uses Not, Permitted. Nonmetallic extensions shall 
e used as 

finished basements, attics, or roof spaces 
fe the voltage between conductors exceeds 150 
'Its for nonmetallic surface extensions and 300 volts 
ir aerial cable 

e subject to corrosive vapors 
here run through a floor or partition, or outside the 
room in which it originates 


382.15 Exposed. 

(A) Nonmetallic Extensions. One or more extensions 
shall be permitted to be run in any direction from an exist¬ 
ing outlet, but not on the floor or within 50 mm (2 in.) from 
the floor. 

(B) Concealable Nonmetallic Extensions. Where identi¬ 
fied for the use, nonmetallic extensions shall be permitted 
to be concealed with paint, texture, concealing compound, 
plaster, wallpaper, tile, wall paneling, or other similar ma¬ 
terials and installed in accordance with 382.15(A). 

382.26 Bends. 

(A) Nonmetallic Extensions. A bend that reduces the nor¬ 
mal spacing between the conductors shall be covered with a 
cap to protect the assembly from physical damage. 


II. Installation 

382.10 Uses Permitted. Nonmetallic extensions shall be 
permitted only in accordance with 382.10(A), (B), and (C). 

(A) From an Existing Outlet. The extension shall be from 
an existing outlet on a 15- or 20-ampere branch circuit. 
Where a concealable nonmetallic extension originates from 
a non-grounding-type receptacle, the installation shall 


(B) Concealable Nonmetallic Extensions. Concealable 
extensions shall be permitted to be folded back over them¬ 
selves and flattened as required for installation. 

382.30 Securing and Supporting. 

(A) Nonmetallic Extensions. Nonmetallic surface exten¬ 
sions shall be secured in place by approved means at inter¬ 
vals not exceeding 200 mm (8 in.), with an allowance for 
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ARTICLE 382 — NONMETALLIC EXTENSIONS 


300 mm (12 in.) to the first fastening where the connection 
to the supplying outlet is by means of an attachment plug. 
There shall be at least one fastening between each two 
adjacent outlets supplied. An extension shall be attached to 
only woodwork or plaster finish and shall not be in contact 
with any metal work or other conductive material other 
than with metal plates on receptacles. 

(B) Concealable Nonmetallic Extensions. All surface- 
mounted concealable nonmetallic extension components 
shall be firmly anchored to the wall or ceiling using an 
adhesive or mechanical anchoring system identified for this 
use. 

382.40 Boxes and Fittings. Each run shall terminate in a 
fitting, connector, or box that covers the end of the assem¬ 
bly. All fittings, connectors, and devices shall be of a type 
identified for the use. 

382.42 Devices. 

(A) Receptacles. All receptacles, receptacle housings, and 
self-contained devices used with concealable nonmetallic 
extensions shall be identified for this use. 

(B) Receptacles and Housings. Receptacle housings and 
self-contained devices designed either for surface or for 
recessed mounting shall be permitted for use with conceal¬ 
able nonmetallic extensions. Receptacle housijKs and 
contained devices shall incorporate means for facili 
entry and termination of concealable nonmetallic 
sions and for electrically connecting the housing or device. 
Receptacle and self-contained devices shall comply with 
406.4. Power and communications outlets instilled together 
in common housing shall be permitted in accordance with 
800.133(A)(1)(c), Exception No. 

382.56 Splices and Taps. Extensions sBJT consist of a 
continuous unbroken length of the assembly, without 
splices, and without exposed conductors between fittings, 
connectors, or devices. Taps shall be permitted where ap¬ 
proved fittings completely covering the tap connections are 
used. Aerial cable and its tap connectors shall be provided 
with an approved means for polarization. Receptacle-type 
tap connectors shall be of the locking type. 

III. Construction Specifications (Concealable 
Nonmetallic Extensions Only) 

382.100 Construction. Concealable nonmetallic exten¬ 
sions shall be a multilayer flat conductor design consisting 
of a center ungrounded conductor enclosed by a sectioned 
grounded conductor, and an overall sectioned grounding 
conductor. 


382.104 Flat Conductors. Concealable nonmetallic exten¬ 
sions shall be constructed, using flat copper conductors 
equivalent to 14 AWG or 12 AWG conductor sizes, and 
constructed per 382.104(A), (B), and (C). 

(A) Ungrounded Conductor (Center Layer). The un¬ 
grounded conductor shall consist of one or more un¬ 
grounded flat conductor(s) enclosed in accordance with 
382.104(B) and (C) and identified in accordance with 
310.110(C). 

(B) Grounded Conductor (Inner Sectioned Layers). The 

grounded conductor shall consist of two sectioned inner flat 
conductors that enclose the center ungrounded conduc¬ 
tors). The sectioned grounded conductor shall be enclosed 
by the sectioned grounding conductor and identified in ac¬ 
cordance with 

(C) Grounding Conductor (Outer Sectioned Layers). 

The grounding conductor Kail consist of two overall sec¬ 
tioned conductors that enclose the grounded conductor and 
ungrounded conductor(s) and shall comply with 
250.4(A)(5). The grounding conductor layers shall be iden¬ 
tified by any one of the following methods: 
in 250.119 
overing 

One or more continuous green stripes or hash marks 
The term “Equipment Ground” printed at regular inter¬ 
vals throughout the cable 

382.112 Insulation. The ungrounded and grounded flat 
conductor layers shall be individually insulated and comply 
with 310.15(A)(3). The grounding conductor shall be cov¬ 
ered or insulated. 

382.120 Marking. 

(A) Cable. Concealable nonmetallic extensions shall be 
clearly and durably marked on both sides at intervals of not 
more than 610 mm (24 in.) with the information required 
by 310.120(A) and with the following additional informa¬ 
tion: 

(1) Material of conductors 

(2) Maximum temperature rating 

(3) Ampacity 

(B) Conductor Identification. Conductors shall be clearly 
and durably identified on both sides throughout their length 
as specified in 382.104. 
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ARTICLE 384 

Strut-Type Channel Raceway 

I. General 

384.1 Scope. This article covers the use, installation, and 
construction specifications of strut-type channel raceway. 

384.2 Definition. 


ceed the percentage fill using Table 384.22 and applicable 
cross-sectional area of specific types and sizes of wire 
given in the tables in Chapter 9. 

The adjustment factors of 310.15(B)(3)(a) shall not ap¬ 
ply to conductors installed in strut-type channel raceways 
where all of the following conditions are met: 

(1) The cross-sectional area of the raceway exceeds 
2500 mm 2 (4 in. 2 ). 

(2) The current-carrying conductors do not exceed 30 in 
number. 


Strut-Type Channel Raceway. A metallic raceway that is 
intended to be mounted to the surface of or suspended from 
a structure, with associated accessories for the installation 
of electrical conductors and cables. 

384.6 Listing Requirements. Strut-type channel race¬ 
ways, closure strips, and accessories shall be listed and 
identified for such use. 

II. Installation 

384.10 Uses Permitted. The use of strut-type channel 
raceways shall be permitted in the following: 

(1) Where exposed. 

(2) In dry locations. 

(3) In locations subject to corrosive 
tected by finishes judged suitable fojj 

(4) Where the voltage is 600 volts 

(5) As power poles. 

(6) In Class I, Division 2 hazardous (cl 
as permitted in 501.10( 

(7) As extensions of uidgfoken lengths'thijrpuglTOval Is, par¬ 
titions, and floors where closure strips are removable 
from either side and the portion within the wall, parti¬ 
tion, or floor remains cover 

(8) Ferrous channel raceways and-,fittings protected from 
corrosion solely by enamel shall be permitted only 
indoors. 

384.12 Uses Not Permitted. Strut-type channel raceways 
shall not be used as follows: 

(1) Where concealed. 


(3) The sum of the cross-sectional areas of all contained 
conductors does not exceed 20 percent of the interior 
cross-sectional area of the strut-type channel raceways. 


Table 384.22 


tiannel Size and Inside Cross-Sectional Area 



Size 

Channel 

Area 

40% Area* 

25% Area f 

in. 2 ^nm 2 

in. 2 

mm 2 

in. 2 

mm 2 

X ^16 

0.887^72 

0.355 

229 

0.222 

143 

l 5 /s x 1 

1.151 

743 

0.460 

297 

0.288 

186 

lUx J% 

1.677 

1076 

0.671 

433 

0.419 

270 

>Sl?/s 

2.028 

1308 

0.811 

523 

0.507 

327 

l 5 /s f 2 7 /ie 

3.169 

2045 

1.267 

817 

0.792 

511 

lWx 3V4 

4.308 

2780 

1.723 

1112 

1.077 

695 

1V2 X % 

0.849 

548 

0.340 

219 

0.212 

137 

IV 2 x IV 2 

1.828 

1179 

0.731 

472 

0.457 

295 

m x m 

2.301 

1485 

0.920 

594 

0.575 

371 

IV 2 x 3 

3.854 

2487 

1.542 

995 

0.964 

622 


Raceways with external joiners shall use a 40 percent wire fill cal¬ 
culation to determine the number of conductors permitted. 

'Raceways with internal joiners shall use a 25 percent wire fill calcu¬ 
lation to determine the number of conductors permitted. 

384.30 Securing and Supporting. 

(A) Surface Mount. A surface mount strut-type channel 
raceway shall be secured to the mounting surface with re¬ 
tention straps external to the channel at intervals not ex¬ 
ceeding 3 m (10 ft) and within 900 mm (3 ft) of each outlet 
box, cabinet, junction box, or other channel raceway termi¬ 
nation. 


(2) Ferrous channel raceways and fittings protected from 
corrosion solely by enamel shall not be permitted 
where subject to severe corrosive influences. 

384.21 Size of Conductors. No conductor larger than that 
for which the raceway is listed shall be installed in strut- 
type channel raceways. 

384.22 Number of Conductors. The number of conduc¬ 
tors permitted in strut-type channel raceways shall not ex¬ 


IB) Suspension Mount. Strut-type channel raceways shall 
be permitted to be suspension mounted in air with identi¬ 
fied methods at intervals not to exceed 3 m (10 ft) and 
within 900 mm (3 ft) of channel raceway terminations and 
ends. [ROP 8-148] 

384.56 Splices and Taps. Splices and taps shall be permit¬ 
ted in raceways that are accessible after installation by hav¬ 
ing a removable cover. The conductors, including splices 
and taps, shall not fill the raceway to more than 75 percent 
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ARTICLE 386 — SURFACE METAL RACEWAYS 


of its area at that point. All splices and taps shall be made 
by approved methods. 

384.60 Grounding. Strut-type channel raceway enclosures 
providing a transition to or from other wiring methods shall 
have a means for connecting an equipment grounding con¬ 
ductor. Strut-type channel raceways shall be permitted as 
an equipment grounding conductor in accordance with 
250.118(13). Where a snap-fit metal cover for strut-type 
channel raceways is used to achieve electrical continuity in 
accordance with the listing, this cover shall not be permit¬ 
ted as the means for providing electrical continuity for a 
receptacle mounted in the cover. 

III. Construction Specifications 

384.100 Construction. Strut-type channel raceways and 
their accessories shall be of a construction that distin¬ 
guishes them from other raceways. Raceways and their el¬ 
bows, couplings, and other fittings shall be designed such 
that the sections can be electrically and mechanically 
coupled together and installed without subjecting the wires 
to abrasion. They shall comply with 384.100(A), (B), and 
(C). 

(A) Material. Raceways and accessories shall be formed 
of steel, stainless steel, or aluminum. 

(B) Corrosion Protection. Steel raceways and ai 
shall be protected against corrosion by galvanizin: 
organic coating. 


Informational Note: 
amples of organic 
protection. 


(C) Cover. Covers of strut-ty 
either metallic or nonmetallic. 

384.120 Marking. Each length of sti 
ways shall be clearly and durably identi 
the first sentence of 110.21. 



Enamel and PVC coatings 
coatings that _*aSi£0£ide 


lannel race- 
required in 


ARTICLE 386 
Surface Metal Raceways 

I. General 

386.1 Scope. This article covers the use, installation, and 
construction specifications for surface metal raceways and 
associated fittings. 

386.2 Definition. 

Surface Metal Raceway. A metallic raceway that is in¬ 
tended to be mounted to the surface of a structure, with 


associated couplings, connectors, boxes, and fittings for the 
installation of electrical conductors. 

386.6 Listing Requirements. Surface metal raceway and 
associated fittings shall be listed. 

II. Installation 

386.10 Uses Permitted. The use of surface metal race¬ 
ways shall be permitted in the following: 

(1) In dry locations. 

(2) In Class I, Division 2 hazardous (classified) locations 
as permitted in 501.10(B)(3). 

(3) Under raised floors, as permitted in 645.5(E)(2). 

(4) Extension through walls and floors. Surface metal race¬ 
way shall be permitted to pass transversely through dry 
walls, dry partitions, and dry floors if the length pass¬ 
ing throughns unbroken. Access to the conductors shall 
be maintained on both sides of the wall, partition, or 
floa 

it Permitted. Surface metal raceways shall 
’n the following: 

ubject to severe physical damage, unless oth- 
oved 

e voltage is 300 volts or more between con¬ 
unless the metal has a thickness of not less 
than 1.02 mm (0.040 in.) nominal 
Where subject to corrosive vapors 
In hoistways 

(5) Where concealed, except as permitted in 386.10 

386.21 Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
surface metal raceway. 

386.22 Number of Conductors or Cables. The number of 
conductors or cables installed in surface metal raceway 
shall not be greater than the number for which the raceway 
is designed. Cables shall be permitted to be installed where 
such use is not prohibited by the respective cable articles. 

The adjustment factors of 310.15(B)(3)(a) shall not ap¬ 
ply to conductors installed in surface metal raceways where 
all of the following conditions are met: 

(1) The cross-sectional area of the raceway exceeds 
2500 mm 2 (4 in. 2 ). 

(2) The current-carrying conductors do not exceed 30 in 
number. 

(3) The sum of the cross-sectional areas of all contained 
conductors does not exceed 20 percent of the interior 
cross-sectional area of the surface metal raceway. 

386.30 Securing and Supporting. Surface metal raceways 
and associated fittings shall be supported in accordance 
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388.56 


with the manufacturer’s installation instructions. 

8-153] 


[ROP 


386.56 Splices and Taps. Splices and taps shall be permit¬ 
ted in surface metal raceways having a removable cover 
that is accessible after installation. The conductors, includ¬ 
ing splices and taps, shall not fill the raceway to more than 
75 percent of its area at that point. Splices and taps in 
surface metal raceways without removable covers shall be 
made only in boxes. All splices and taps shall be made by 
approved methods. 

Taps of Type FC cable installed in surface metal race¬ 
way shall be made in accordance with 322.56(B). 

386.60 Grounding. Surface metal raceway enclosures pro¬ 
viding a transition from other wiring methods shall have a 
means for connecting an equipment grounding conductor. 

386.70 Combination Raceways. When combination sur¬ 
face metallic raceways are used for both signaling and for 
lighting and power circuits, the different systems shall be 
run in separate compartments identified by stamping, im¬ 
printing, or color coding of the interior finish. 

III. Construction Specifications 

386.100 Construction. Surface metal raceways shall 
such construction as will distinguish them from other r; 
ways. Surface metal raceways and their elbow s, couplin 
and similar fittings shall be designed^®® that theFsection! 
can be electrically and mechanicall; 
installed without subjecting the wires 

Where covers and accessories of c materials 

are used on surface metal jweways, t! ^identified 

for such use. 


386.120 Marking. Each len; 
shall be clearly and durably ii 
first sentence of 110.21. [ROP 8 




metal raceways 
as required in the 


with associated couplings, connectors, boxes, and fittings 
for the installation of electrical conductors. 

388.6 Listing Requirements. Surface nonmetallic race¬ 
way and associated fittings shall be listed. 

II. Installation 

388.10 Uses Permitted. Surface nonmetallic raceways 
shall be permitted as follows: 

(1) The use of surface nonmetallic raceways shall be per¬ 
mitted in dry locations. 

(2) Extension through walls and floors shall be permitted. 
Surface nonmetallic raceway shall be permitted to pass 
transversal through dry walls, dry partitions, and dry 
floors if the length passing through is unbroken. Access 
to the conductors shall be maintained on both sides of 
the wall; partition, or floor. 

Uses Not Permitted. Surface nonmetallic race- 
1 not be used in the following: 
ere concealed, except as permitted in 388.10(2) 
here subject to severe physical damage 

re the voltage is 300 volts or more between con- 
irs, unless listed for higher voltage 
hoistways 

In any hazardous (classified) location, except as permit¬ 
ted by other articles in this Code 
Where subject to ambient temperatures exceeding those 
for which the nonmetallic raceway is listed 
For conductors whose insulation temperature limita¬ 
tions would exceed those for which the nonmetallic 
raceway is listed 

388.21 Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
surface nonmetallic raceway. 


ARTICLE 388 

Surface Nonmetallic Raceways 


I. General 

388.1 Scope. This article covers the use, installation, and 
construction specifications for surface nonmetallic race¬ 
ways and associated fittings. 

388.2 Definition. 

Surface Nonmetallic Raceway. A nonmetallic raceway 
that is intended to be mounted to the surface of a structure. 


388.22 Number of Conductors or Cables. The number of 
conductors or cables installed in surface nonmetallic race¬ 
way shall not be greater than the number for which the 
raceway is designed. Cables shall be permitted to be in¬ 
stalled where such use is not prohibited by the respective 
cable articles. 

388.30 Securing and Supporting. Surface nonmetallic 
raceways and associated fittings shall be supported in ac¬ 
cordance with the manufacturer’s installation instructions. 

[ROP 8-156] 

388.56 Splices and Taps. Splices and taps shall be permit¬ 
ted in surface nonmetallic raceways having a cover capable 
of being opened in place that is accessible after installation. 
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ARTICLE 390 — UNDERFLOOR RACEWAYS 


The conductors, including splices and taps, shall not fill the 
raceway to more than 75 percent of its area at that point. 
Splices and taps in surface nonmetallic raceways without 
covers capable of being opened in place shall be made only 
in boxes. All splices and taps shall be made by approved 
methods. 


390.3 Use. 

(A) Permitted. The installation of underfloor raceways 
shall be permitted beneath the surface of concrete or other 
flooring material or in office occupancies where laid flush 
with the concrete floor and covered with linoleum or 
equivalent floor covering. 


388.60 Grounding. Where equipment grounding is re¬ 
quired, a separate equipment grounding conductor shall be 
installed in the raceway. 

388.70 Combination Raceways. When combination sur¬ 
face nonmetallic raceways are used both for signaling and 
for lighting and power circuits, the different systems shall 
be run in separate compartments identified by stamping, 
imprinting, or color coding of the interior finish. 


III. Construction Specifications 

388.100 Construction. Surface nonmetallic raceways shall 
be of such construction as will distinguish them from other 
raceways. Surface nonmetallic raceways and their elbows, 
couplings, and similar fittings shall be designed so that the 
sections can be mechanically coupled together and installei 
without subjecting the wires to abrasion. 

Surface nonmetallic raceways and fittings are made of 
suitable nonmetallic material that is resistant to moisture 
and chemical atmospheres. It shall also be flame retardant, 
resistant to impact and crushing, resistant to distortion 
heat under conditions likely to be encountered in 
and resistant to low-temperature effects. 


388.120 Marking. Surface nonmdtiillic race'^ayg that have 
limited smoke-producing characteristics shall be permitted 
to be so identified. Each length of surface nonmetallic race¬ 
ways shall be clearly and durably ioentihed ^required in 
the first sentence of 110.21. [ROP 8-ir 


ARTICLE 390 
Underfloor Raceways 


390.1 Scope. This article covers the use and installation 
requirements for underfloor raceways. 

390.2 Definition. 

Underfloor Raceway. A raceway and associated compo¬ 
nents designed and intended for installation beneath or 
flush with the surface of a floor for the installation of cables 
and electrical conductors. 


(B) Not Permitted. Underfloor raceways shall not be in¬ 
stalled (1) where subject to corrosive vapors or (2) in any 
hazardous (classified) locations, except as permitted by 
504.20 and in Class I, Division 2 locations as permitted in 
501.10(B)(3). Unless made of a material judged suitable for 
the condition or unless corrosion protection approved for 
the condition is provided, ferrous or nonferrous metal un¬ 
derfloor raceways, junction boxes, and fittings shall not be 
installed in concrete or in areas subject to severe corrosive 
influences. 


coverings shall comply with 



390.4 Cove 

390.4(4^f|rough (D). 


(A) Raceways Not over 100 mm (4 in.) Wide. Half-round 
a n d\fhtt -1 (ip raceways not over 100 mm (4 in.) in width 
shall have not less than 20 mm (-14 in.) of concrete or wood 
. above the raceway. 

permitted in 390.4(C) and (D) for flat-top 




Raceways over 100 mm (4 in.) Wide But Not over 
mm (8 in.) Wide. Flat-top raceways over 100 mm 
in.) but not over 200 mm (8 in.) wide with a minimum of 
25 mm (1 in.) spacing between raceways shall be covered 
with concrete to a depth of not less than 25 mm (1 in.). 
Raceways spaced less than 25 mm (1 in.) apart shall be 
covered with concrete to a depth of 38 mm (IV 2 in.). 

(C) Trench-Type Raceways Flush with Concrete. 

Trench-type flush raceways with removable covers shall be 
permitted to be laid flush with the floor surface. Such ap¬ 
proved raceways shall be designed so that the cover plates 
provide adequate mechanical protection and rigidity 
equivalent to junction box covers. 

(D) Other Raceways Flush with Concrete. In office oc¬ 
cupancies, approved metal flat-top raceways, if not over 
100 mm (4 in.) in width, shall be permitted to be laid flush 
with the concrete floor surface, provided they are covered 
with substantial linoleum that is not less than 1.6 mm (Vi6 
in.) thick or with equivalent floor covering. Where more 
than one and not more than three single raceways are each 
installed flush with the concrete, they shall be contiguous 
with each other and joined to form a rigid assembly. 

390.5 Size of Conductors. No conductor larger than that 
for which the raceway is designed shall be installed in 
underfloor raceways. 
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392.10 


390.6 Maximum Number of Conductors in Raceway. 

The combined cross-sectional area of all conductors or 
cables shall not exceed 40 percent of the interior cross- 
sectional area of the raceway. 

390.7 Splices and Taps. Splices and taps shall be made 
only in junction boxes. 

For the purposes of this section, so-called loop wiring 
(continuous, unbroken conductor connecting the individual 
outlets) shall not be considered to be a splice or tap. 


390.15 Connections to Cabinets and Wall Outlets. Con¬ 
nections from underfloor raceways to distribution centers 
and wall outlets shall be made by approved fittings or by 
any of the wiring methods in Chapter 3, where installed in 
accordance with the provisions of the respective articles. 

390.17 Ampacity of Conductors. The ampacity adjust¬ 
ment factors, in 310.15(B)(3), shall apply to conductors 
installed in underfloor raceways. 


Exception: Splices and taps shall be permitted in trench- 
type flush raceway having a removable cover that is acces¬ 
sible after installation. The conductors, including splices 
and taps, shall not fill more than 75 percent of the raceway 
area at that point. 

390.8 Discontinued Outlets. When an outlet is aban¬ 
doned, discontinued, or removed, the sections of circuit 
conductors supplying the outlet shall be removed from the 
raceway. No splices or reinsulated conductors, such as 
would be the case with abandoned outlets on loop wiring, 
shall be allowed in raceways. 

390.9 Laid in Straight Lines. Underfloor raceways shall 
be laid so that a straight line from the center of one jiM^OTl 
box to the center of the next junction box coincides with 
the centerline of the raceway system. Raceways shal®a 
firmly held in place to prevent disturbing this alignment 
during construction. 

390.10 Markers at Ends. A suitable 
stalled at or near each end of each s 
to locate the last insert. 


390.11 Dead Ends. Dead 



of racewaia shall be closed. 


390.13 Junction Boxes. Junction boxes shall be leveled to 
the floor grade and sealed to prevent the free entrance of 
water or concrete. Junction boxes used with metal raceways 
shall be metal and shall be electrically continuous with the 
raceways. 

390.14 Inserts. Inserts shall be leveled and sealed to pre¬ 
vent the entrance of concrete. Inserts used with metal race¬ 
ways shall be metal and shall be electrically continuous 
with the raceway. Inserts set in or on fiber raceways before 
the floor is laid shall be mechanically secured to the race¬ 
way. Inserts set in fiber raceways after the floor is laid shall 
be screwed into the raceway. When cutting through the 
raceway wall and setting inserts, chips and other dirt shall 
not be allowed to remain in the raceway, and tools shall be 
used that are designed so as to prevent the tool from enter¬ 
ing the raceway and damaging conductors that may be in 
place. 


ducting ladder, 
ttom, and 




ARTICLE 392 
Cable Trays 


article covers cable tray systems, in¬ 
flated trough, ventilated channel, solid 
ar structures. 


Informational Note: For further information on cable 
s, see ANSI/NEMA-VE 1-2002, Metal Cable Tray Sys- 
1tai-; NECA/NEMA 105-2007, Standard for Installing 
'etaJ Cable Tray Systems', and NEMA-FG 1-1998, Non- 
metallic Cable Tray Systems. 

Definition. 

Cable Tray System. A unit or assembly of units or sections 
and associated fittings forming a structural system used to 
securely fasten or support cables and raceways. 


II. Installation 

392.10 Uses Permitted. Cable tray shall be permitted to be 
used as a support system for service conductors, feeders, 
branch circuits, communications circuits, control circuits, 
and signaling circuits. Cable tray installations shall not be 
limited to industrial establishments. Where exposed to di¬ 
rect rays of the sun, insulated conductors and jacketed 
cables shall be identified as being sunlight resistant. Cable 
trays and their associated fittings shall be identified for the 
intended use. 

(A) Wiring Methods. The wiring methods in Table 
392.10(A) shall be permitted to be installed in cable tray 
systems under the conditions described in their respective 
articles and sections. 

(B) In Industrial Establishments. The wiring methods in 
Table 392.10(A) shall be permitted to be used in any indus¬ 
trial establishment under the conditions described in their 
respective articles. In industrial establishments only, where 
conditions of maintenance and supervision ensure that only 
qualified persons service the installed cable tray system, 
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Table 392.10(A) Wiring Methods 
[ROP 8-158a] 


Armored Cable: Type AC 
CATV Cables 
Class 2 and Class 3 cables 
Communications cables 
Communications raceways 
Electrical Metallic Tubing: Type EMT 
Electrical Nonmetallic Tubing: Type 
ENT 

Fire alarm cables 

Flexible Metal Conduit: Type FMC 
Flexible Metallic Tubing: Type FMT 
Instrumentation Tray Cable: Type ITC 
Intermediate Metal Conduit: Type 
IMC 

Liquidtight Flexible Metal Conduit: 
Type LFMC 

Liquidtight Flexible Nonmetallic Con¬ 
duit: Type LFNC 
Metal-Clad Cable: Type MC 
Mineral-Insulated, Metal-Sheathed 
Cable: Type MI 

Network-powered broadband commu¬ 
nications cables 

Nonmetallic-Sheathed Cable: Types 
NM, NMC and NMS 
Non-Powered-Limited fire alarm cable 
Optical fiber cables 
Optical fiber raceways 
Other factory-assembled, multiconduc¬ 
tor control, signal, or power cables 
that are specifically approved for 
installation in cable trays 
Power and Control Tray Cable: Type 
TC 

Power-limited fire alarm cable 
Power-limited tray cable 
Rigid Metal Conduit: Type RMC 
Rigid Polyvinyl Chloride Conduit: 

type PVC 
Reinforced Thermosetting Resin Con¬ 
duit: Type RTRC 

Service-Entrance Cable: Types SE and 
USE 

Signaling raceway 
Underground Feeder and Branch- 
Circuit Cable: Type UF 


Article 


320 

820 

725 

800 

800 

358 

362 

760 

348 

360 

727 

342 

350 

356 

330 

332 


760 

770 


338 

725 

340 


any of the cables in 392.10(B)(1) and (B)(2) shall be per¬ 
mitted to be installed in ladder, ventilated trough, solid 
bottom, or ventilated channel cable trays. 

(1) Single-conductor cables shall be permitted to be in¬ 
stalled in accordance with (B)(1)(a) through (B)(1)(c). 

(a) Single-conductor cable shall be 1/0 AWG or larger 
and shall be of a type listed and marked on the surface for 
use in cable trays. Where 1/0 AWG through 4/0 AWG 


single-conductor cables are installed in ladder cable tray, 
the maximum allowable rung spacing for the ladder cable 
tray shall be 225 mm (9 in.). 

(b) Welding cables shall comply with the provisions of 
Article 630, Part IV. 

(c) Single conductors used as equipment grounding 
conductors shall be insulated, covered, or bare, and they 
shall be 4 AWG or larger. 

(2) Single- and multiconductor medium voltage cables shall 
be Type MV cable. Single conductors shall be installed in 
accordance with 392.10(B)(1). 

(C) Hazardous (Classified) Locations. Cable trays in 
hazardous (classified) locations shall contain only the cable 
types and raceways permitted by other articles in this Code. 


(D) Nonmetallj 

mitted elsew' 
permitted i 
isolati 



able Tray. In addition to the uses per- 
2.10, nonmetallic cable tray shall be 
orrosiVf®rcas and in areas requiring voltage 


392.12 Uses Not Permitted. Cable tray systems shall not 
be u9K| in hoistways or where subject to severe physical 
damaged 

ray Installation. 

Complete System. Cable trays shall be installed as a 
mplete system. Field bends or modifications shall be so 
( de that the electrical continuity of the cable tray system 
support for the cables is maintained. Cable tray systems 
shall be permitted to have mechanically discontinuous seg¬ 
ments between cable tray runs or between cable tray runs 
and equipment. 

(B) Completed Before Installation. Each run of cable 
tray shall be completed before the installation of cables. 

(C) Covers. In portions of runs where additional protec¬ 
tion is required, covers or enclosures providing the required 
protection shall be of a material that is compatible with the 
cable tray. 

(D) Through Partitions and Walls. Cable trays shall be 
permitted to extend transversely through partitions and 
walls or vertically through platforms and floors in wet or 
dry locations where the installations, complete with in¬ 
stalled cables, are made in accordance with the require¬ 
ments of 300.21. 

(E) Exposed and Accessible. Cable trays shall be exposed 
and accessible, except as permitted by 392.18(D). 

(F) Adequate Access. Sufficient space shall be provided 
and maintained about cable trays to permit adequate access 
for installing and maintaining the cables. 
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(G) Raceways, Cables, Boxes, and Conduit Bodies Sup¬ 
ported from Cable Tray Systems. In industrial facilities 
where conditions of maintenance and supervision ensure 
that only qualified persons service the installation and 
where the cable tray systems are designed and installed to 
support the load, such systems shall be permitted to support 
raceways and cables, and boxes and conduit bodies covered 
in 314.1. For raceways terminating at the tray, a listed cable 
tray clamp or adapter shall be used to securely fasten the 
raceway to the cable tray system. Additional supporting and 
securing of the raceway shall be in accordance with the 
requirements of the appropriate raceway article. For race¬ 
ways or cables running parallel to and attached to the bot¬ 
tom or side of a cable tray system, fastening and supporting 
shall be in accordance with the requirements of the appro¬ 
priate raceway or cable article. 

For boxes and conduit bodies attached to the bottom or 
side of a cable tray system, fastening and supporting shall 
be in accordance with the requirements of 314.23. 

(H) Marking. Cable trays containing conductors rated 
over 600 volts shall have a permanent, legible warning 
notice carrying the wording “DANGER — HIGF1 VOLT¬ 
AGE — KEEP AWAY” placed in a readily visible position 
on all cable trays, with the spacing of warning noti^ 
to exceed 3 m (10 ft). The danger marking(s) or label! 
comply with 110.21(B). [ROP 8-180] 

Exception: Where not accessible (as 
merit), in industrial establishments w> 
maintenance and supervision ensu 
persons service the installation, cable I, 
notices shall be located when: necessary fo. 
to assure safe maintenan^Mmd operatic 

392.20 Cable and Cond 



warning 
' installation 

L.8-182] 


(A) Multiconductor Cables Rated 600 Volts or Less. 

Multiconductor cables rated 600 or less shall be per¬ 
mitted to be installed in the same cable tray. 

(B) Cables Rated Over 600 Volts. Cables rated over 600 
volts and those rated 600 volts or less installed in the same 
cable tray shall comply with either of the following: 

(1) The cables rated over 600 volts are Type MC. 

(2) The cables rated over 600 volts are separated from the 
cables rated 600 volts or less by a solid fixed barrier of 
a material compatible with the cable tray. 


imbalance in the paralleled conductors due to inductive re¬ 
actance. 

Single conductors shall be securely bound in circuit 
groups to prevent excessive movement due to fault-current 
magnetic forces unless single conductors are cabled to¬ 
gether, such as triplexed assemblies. 

(D) Single Conductors. Where any of the single conduc¬ 
tors installed in ladder or ventilated trough cable trays are 
1/0 through 4/0 AWG, all single conductors shall be in¬ 
stalled in a single layer. Conductors that are bound together 
to comprise each circuit group shall be permitted to be 
installed in other than a single layer. 

392.22 Number of Conductors or Cables. 


bles 

shal 


of Multiconductor Cables, Rated 2000 
in Cable Trays. The number of multicon- 
L ed 2000 volts or less, permitted in a single 
exceed the requirements of this section. 


conductor 
Conductors. 


pply to both aluminum and copper 



adder or Ventilated Trough Cable Trays Contain- 
ny Mixture of Cables. Where ladder or ventilated 
trough cable trays contain multiconductor power or lighting 
r any mixture of multiconductor power, lighting, 
1, and signal cables, the maximum number of cables 
shall conform to the following: 


(a) Where all of the cables are 4/0 AWG or larger, the 
sum of the diameters of all cables shall not exceed the cable 
tray width, and the cables shall be installed in a single 
layer. Where the cable ampacity is determined according to 
392.80(A)(1)(c), the cable tray width shall not be less than 
the sum of the diameters of the cables and the sum of the 
required spacing widths between the cables. 

(b) Where all of the cables are smaller than 4/0 AWG, 
the sum of the cross-sectional areas of all cables shall not 
exceed the maximum allowable cable fill area in Column 1 
of Table 392.22(A) for the appropriate cable tray width. 

(c) Where 4/0 AWG or larger cables are installed in 
the same cable tray with cables smaller than 4/0 AWG, the 
sum of the cross-sectional areas of all cables smaller than 
4/0 AWG shall not exceed the maximum allowable fill area 
resulting from the calculation in Column 2 of Table 
392.22(A) for the appropriate cable tray width. The 4/0 
AWG and larger cables shall be installed in a single layer, 
and no other cables shall be placed on them. 


(C) Connected in Parallel. Where single conductor cables 
comprising each phase, neutral, or grounded conductor of 
an alternating-current circuit are connected in parallel as 
permitted in 310.10(H), the conductors shall be installed in 
groups consisting of not more than one conductor per 
phase, neutral, or grounded conductor to prevent current 


(2) Ladder or Ventilated Trough Cable Trays Contain¬ 
ing Multiconductor Control and/or Signal Cables Only. 

Where a ladder or ventilated trough cable tray having a 
usable inside depth of 150 mm (6 in.) or less contains 
multiconductor control and/or signal cables only, the sum 
of the cross-sectional areas of all cables at any cross section 
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Table 392.22(A) Allowable Cable Fill Area for Multiconductor Cables in Ladder, Ventilated Trough, or Solid Bottom Cable 
Trays for Cables Rated 2000 Volts or Less 


Maximum Allowable Fill Area for Multiconductor Cables 


Ladder or Ventilated Trough or Wire 
Mesh Cable Trays, 392.22(A)(1) 


Inside Width of 
Cable Tray 

Column 1 
Applicable for 
392.22(A)(1)(b) 
Only 

Column 2 a 

Applicable for 392.22(A)(1)(c) 

Only 

Column 3 
Applicable for 
392.22(A)(3)(b) 
Only 

Column 4 a 

Applicable for 392.22(A)(3)(c) 

Only 


in. 









mm 

mm 

in." 

mm 

in." 

mm" 

in. 

mm" 

in. 

50 

2.0 

1,500 

2.5 

1,500 - (30 Sd) b 

2.5-(1.2 
Sd) b 

1,200 

2.0 

1,200 - (25 Sd) b 

2.0 - Sd b 

100 

4.0 

3,000 

4.5 

3,000 - (30 Sd) b 

4.5-(1.2 
Sd) 

2,300 

3 A. 

2,300 - (25 Sd) 

3.5 - Sd 

150 

6.0 

4,500 

7.0 

4,500 - (30 Sd) b 

7 - (1.2 Sd) 

3,500 A 


3,500 - (25 Sd) b 

5.5-Sd 

200 

8.0 

6,000 

9.5 

6,000 - (30 Sd) b 

9.5-(1.2 
Sd) 

4,500^ 

7.0 

4,500 - (25 Sd) 

7.0 - Sd 

225 

9.0 

6,800 

10.5 

6,800 - (30 Sd) 

10.5 - (1.2 
Sd) 

5,100 

8^k 

5,100 -(25 Sd) 

8.0 - Sd 

300 

12.0 

9,000 

14.0 

9,000 - (30 Sd) 

14 - (1.2 Sd) 

^,100 

11.0 

7,100 - (25 Sd) 

11.0 - Sd 

400 

16.0 

12,000 

18.5 

12,000 - (30 Sd) 

18.5 - (1,2 
Sd) ^ 

9,400 

14.5 

9,400 - (25 Sd) 

14.5 - Sd 

450 

18.0 

13,500 

21.0 

13,500 - (30 Sd) 

21 - (1.2 Sd) 

\10,600 

16.5 

10,600 - (25 Sd) 

16.5 - Sd 

500 

20.0 

15,000 

23.5 

15,000 - (30 Sd) 

23 ' 5 „liP 

11,800 

18.5 

11,800 -(25 Sd) 

18.5 - Sd 

600 

24.0 

18,000 

28.0 

18,000 - (30 Sd) 

28 -^L^ld) 

14,200 

22.0 

14,200 - (25 Sd) 

22.0 - Sd 

750 

30.0 

22,500 

35.0 

22,500 - (30 Sd) 

35 (1.2 Sd) 


27.5 

17,700 - (25 Sd) 

27.5 - Sd 

900 

36.0 

27,000 

42.0 

27,000 - (30 Sd) 

42 -11.2 Sd) 

21,300 

33.0 

21,300 - (25 Sd) 

33.0 - Sd 


Solid Bottom Cable Trays, 392.22(A)(3) 


“The maximum allowable fill areas in Columns 2 ant 
cable tray in Column 2 shall be 4500 minus (30 mull 
Column 2 shall be 7 minus (1.2 multiplied by Sd)]. 
b The term Sd in Columns 2 and 4 is equal to the sum^fif 
multiconductor cables in the same cable tray with smaller 


shall not exceed 50 percent of tie interior 
area of the cable tray. A depth of 150 mm 
used to calculate the allowable inte 
of any cable tray that has a usable insi' 

150 mm (6 in.). 



t-sectional 
shall be 
r ional area 
more than 


(3) Solid Bottom Cable Trays Containing Any Mixture 
of Cables. Where solid bottom cable trays contain multi¬ 
conductor power or lighting cables, or any mixture of mul¬ 
ticonductor power, lighting, control, and signal cables, the 
maximum number of cables shall conform to the following: 

(a) Where all of the cables are 4/0 AWG or larger, the 
sum of the diameters of all cables shall not exceed 90 per¬ 
cent of the cable tray width, and the cables shall be in¬ 
stalled in a single layer. 

(b) Where all of the cables are smaller than 4/0 AWG, 
the sum of the cross- sectional areas of all cables shall not 
exceed the maximum allowable cable fill area in Column 3 
of Table 392.22(A) for the appropriate cable tray width. 

(c) Where 4/0 AWG or larger cables are installed in the 
same cable tray with cables smaller than 4/0 AWG, the sum 


example, the maximum allowable fill in mm 2 for a 150-mm wide 
m allowable fill, in square inches, for a 6-in. wide cable tray in 


mm, of all cables 107.2 mm (in inches, of all 4/0 AWG) and larger 

of the cross-sectional areas of all cables smaller than 4/0 
AWG shall not exceed the maximum allowable fill area 
resulting from the computation in Column 4 of Table 
392.22(A) for the appropriate cable tray width. The 4/0 
AWG and larger cables shall be installed in a single layer, 
and no other cables shall be placed on them. 

(4) Solid Bottom Cable Tray Containing Multiconduc¬ 
tor Control and/or Signal Cables Only. Where a solid 
bottom cable tray having a usable inside depth of 150 mm 
(6 in.) or less contains multiconductor control and/or signal 
cables only, the sum of the cross sectional areas of all 
cables at any cross section shall not exceed 40 percent of 
the interior cross-sectional area of the cable tray. A depth of 
150 mm (6 in.) shall be used to calculate the allowable 
interior cross-sectional area of any cable tray that has a 
usable inside depth of more than 150 mm (6 in.). 

(5) Ventilated Channel Cable Trays Containing Multi- 
conductor Cables of Any Type. Where ventilated channel 
cable trays contain multiconductor cables of any type, the 
following shall apply: 
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(a) Where only one multiconductor cable is installed, 
the cross-sectional area shall not exceed the value specified 
in Column 1 of Table 392.22(A)(5). 

(b) Where more than one multiconductor cable is in¬ 
stalled, the sum of the cross-sectional area of all cables 
shall not exceed the value specified in Column 2 of Table 
392.22(A)(5). 

Table 392.22(A)(5) Allowable Cable Fill Area for 
Multiconductor Cables in Ventilated Channel Cable Trays 
for Cables Rated 2000 Volts or Less 

Maximum Allowable Fill Area for 
Multiconductor Cables 


Inside Width of 
Cable Tray 


Column 1 
One Cable 


Column 2 
More Than 
One Cable 


mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

75 

3 

1500 

2.3 

850 

1.3 

100 

4 

2900 

4.5 

1600 

2.5 

150 

6 

4500 

7.0 

2450 

3.8 


(6) Solid Channel Cable Trays Containing Mi 
ductor Cables of Any Type. Where solid channel cable 
trays contain multiconductor cables of any type, the follow¬ 
ing shall apply: 



(a) Where only one multiconductj 
the cross-sectional area of the cabl 
value specified in Column 1 of Table 

(b) Where more than one multicond 
stalled, the sum of the cross-sectiona' 
not exceed the value spiceitied in C 
392.22(A)(6). 


able isi Installed 
all not exceed the 

(6T 

cable is in- 
able shall 
of Table 


Table 392.22(A)(6) Allowable Cah 
Multiconductor Cables in Solid Chan 
Cables Rated 2000 Volts or Less 


trea for 
El Cable Trays for 


Inside Width of 
Cable Tray 

Column 1 

One Cable 

Column 2 
More Than 
One Cable 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

50 

2 

850 

1.3 

500 

0.8 

75 

3 

1300 

2.0 

700 

1.1 

100 

4 

2400 

3.7 

1400 

2.1 

150 

6 

3600 

5.5 

2100 

3.2 


(B) Number of Single-Conductor Cables, Rated 2000 
Volts or Less, in Cable Trays. The number of single con¬ 
ductor cables, rated 2000 volts or less, permitted in a single 


cable tray section shall not exceed the requirements of this 
section. The single conductors, or conductor assemblies, 
shall be evenly distributed across the cable tray. The con¬ 
ductor sizes apply to both aluminum and copper conduc¬ 
tors. 

(1) Ladder or Ventilated Trough Cable Trays. Where 
ladder or ventilated trough cable trays contain single¬ 
conductor cables, the maximum number of single conduc¬ 
tors shall conform to the following: 

(a) Where all of the cables are 1000 kemil or larger, the 
sum of the diameters of all single-conductor cables shall 
not exceed the cable tray width, and the cables shall be 
installed in a single layer. Conductors that are bound to¬ 
gether to comprise each circuit group shall be permitted to 
be installed in other than a single layer. 

(b) Where all of the cables are from 250 kemil through 
900 k^nl^the sum of the cross-sectional areas of all 
single-conductor cables shall not exceed the maximum al¬ 
calde fill area in Column 1 of Table 392.22(B)(1) 
ipropriate cable tray width. 

/here 1000 kemil or larger single-conductor cables 
^stalled in the same cable tray with single-conductor 
smaller than 1000 kemil, the sum of the cross sec¬ 
tional areas of all cables smaller than 1000 kemil shall not 
exceed the maximum allowable fill area resulting from the 
computation in Column 2 of Table 392.22(B)(1) for the 
appropriate cable tray width. 

(d) Where any of the single conductor cables are 1/0 
through 4/0 AWG, the sum of the diameters of all single 
conductor cables shall not exceed the cable tray width. 

(2) Ventilated Channel Cable Trays. Where 50 mm 
(2 in.), 75 mm (3 in.), 100 mm (4 in.), or 150 mm (6 in.) 
wide ventilated channel cable trays contain single¬ 
conductor cables, the sum of the diameters of all single 
conductors shall not exceed the inside width of the channel. 

(C) Number of Type MV and Type MC Cables (2001 
Volts or Over) in Cable Trays. The number of cables rated 
2001 volts or over permitted in a single cable tray shall not 
exceed the requirements of this section. 

The sum of the diameters of single-conductor and mul¬ 
ticonductor cables shall not exceed the cable tray width, 
and the cables shall be installed in a single layer. Where 
single conductor cables are triplexed, quadruplexed, or 
bound together in circuit groups, the sum of the diameters 
of the single conductors shall not exceed the cable tray 
width, and these groups shall be installed in single layer 
arrangement. 

392.30 Securing and Supporting. 

(A) Cable Trays. Cable trays shall be supported at inter¬ 
vals in accordance with the installation instructions. 
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Table 392.22(B)(1) Allowable Cable Fill Area for Single-Conductor Cables in Ladder, Ventilated Trough, or Wire Mesh Cable 
Trays for Cables Rated 2000 Volts or Less 


Maximum Allowable Fill Area for Single-Conductor 
Cables in Ladder, Ventilated Trough, or Wire Mesh Cable Trays 


Inside Width of Cable Tray 


Column 1 

Applicable for 392.22(B)(1)(b) 
Only 


Column 2 a 

Applicable for 392.22(B)(1)(c) 
Only 


mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

50 

2 

1,400 

2.0 

1,400 - (28 Sd) b 

2.0 - (1.1 Sd) b 

100 

4 

2,800 

4.5 

2,800 - (28 Sd) 

4.5 - (1.1 Sd) 

150 

6 

4,200 

6.5 

4,200 - (28 Sd) b 

6.5 - (1.1 Sd) b 

200 

8 

5,600 

8.5 

5,600 - (28 Sd) 

8.5 - (1.1 Sd) 

225 

9 

6,100 

9.5 

6,100 - (28 Sd) 

9.5 - (1.1 Sd) 

300 

12 

8,400 

13.0 

8,400 -128 Sd) 

13.0-(1.1 Sd) 

400 

16 

11,200 

17.5 

11,200^(28 Sd) 

17.5 - (1.1 Sd) 

450 

18 

12,600 

19.5 

12,600^(28 Sd) 

19.5 - (1.1 Sd) 

500 

20 

14,000 

21.5 

LfeOOO -a( 28 Sd) 

21.5 - (1.1 Sd) 

600 

24 

16,800 

26.0 

46,800^ (28 Sd) 

26.0-(1.1 Sd) 

750 

30 

21,000 

32.5 

▲ 21,000 - (28 Sd) 

32.5 - (1.1 Sd) 

900 

36 

25,200 

39.0 

25,200 - (28 Sd), 

—■—F -:- 1 - 

39.0-(1.1 Sd) 


“The maximum allowable fill areas in Column 2 shall be calculated. For exam] 
tray in Column 2 shall be 4200 minus (28 multiplied by Sd) [the maximum alio 
2 shall be 6.5 minus (1.1 multiplied by Sd)]. 

b The term Sd in Column 2 is equal to the sum of the diameters, of 

single-conductor cables in the same cable tray with small cables. 



allowable fill, in mm 2 , for a 150 mm wide cable 
square inches, for a 6-in. wide cable tray in Column 

507 mm 2 (in inches, of all 1000 kcmil) and larger 


(B) Cables and Conductors. Cables and conductorsshall 
be secured to and supported by the cable tray- system in 
accordance with (1), (2) and (3) as applicable 

(1) In other than horizontal runs, the cables shall be 
tened securely to transverse members of the cable runs. 

(2) Supports shall be provided to prevent stress omtables 
where they enter raceways fjwn cable tr^^yste 

(3) The system shall provide for the support of ®bles and 
raceway wiring methods in accordance with their cor¬ 
responding articles. Where cable toys support indi¬ 
vidual conductors and where the condupmrs pass from 
one cable tray to another, or from a cable tray to race- 
way(s) or from a cable tray to equipment where the 
conductors are terminated, the distance between the 
cable trays or between the cable tray and the race- 
way(s) or the equipment shall not exceed 1.8 m (6 ft). 
The conductors shall be secured to the cable tray(s) at 
the transition, and they shall be protected, by guarding 
or by location, from physical damage. 


futtecTTB project above the side rails where not subject 
physical damage. 

2.60 Grounding and Bonding. 

(A) Metallic Cable Trays. Metallic cable trays shall be 
permitted to be used as equipment grounding conductors 
where continuous maintenance and supervision ensure that 
qualified persons service the installed cable tray system and 
the cable tray complies with provisions of this section. Me¬ 
tallic cable trays that support electrical conductors shall be 
grounded as required for conductor enclosures in accor¬ 
dance with 250.96 and Part IV of Article 250. Metal cable 
trays containing only non-power conductors shall be elec¬ 
trically continuous through approved connections or the use 
of a bonding jumper not smaller than a 10 AWG. 

Informational Note: Examples of non-power conductors 
include nonconductive optical fiber cables and Class 2 and 
Class 3 Remote Control Signaling and Power Limiting 
Circuits. 


392.46 Bushed Conduit and Tubing. A box shall not be 
required where cables or conductors are installed in bushed 
conduit and tubing used for support or for protection 
against physical damage. 

392.56 Cable Splices. Cable splices made and insulated by 
approved methods shall be permitted to be located within a 
cable tray, provided they are accessible. Splices shall be 


(B) Steel or Aluminum Cable Tray Systems. Steel or 
aluminum cable tray systems shall be permitted to be used 
as equipment grounding conductors, provided all the fol¬ 
lowing requirements are met: 

(1) The cable tray sections and fittings are identified as an 
equipment grounding conductor. 

(2) The minimum cross-sectional area of cable trays con¬ 
form to the requirements in Table 392.60(A). 
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Table 392.60(A) Metal Area Requirements for Cable Trays 
Used as Equipment Grounding Conductor 


Maximum Fuse 
Ampere Rating, 
Circuit Breaker 
Ampere Trip Setting, 
or Circuit Breaker 
Protective Relay 
Ampere Trip Setting 
for Ground-Fault 
Protection of Any 
Cable Circuit in the 
Cable Tray System 

Minimum Cross-Sectional Area of 
Metal 3 

Steel Cable Trays 

Aluminum 
Cable Trays 

mm 2 

in. 2 

mm 2 

in. 2 

60 

129 

0.20 

129 

0.20 

100 

258 

0.40 

129 

0.20 

200 

451.5 

0.70 

129 

0.20 

400 

645 

1.00 

258 

0.40 

600 

967.5 

1.50 b 

258 

0.40 

1000 

— 

— 

387 

0.60 

1200 

— 

— 

645 

1.00 

1600 

— 

— 

967.5 

1.50 

2000 

— 

— 

1290 

2.00 b 


“Total cross-sectional area of both side rails for ladder or trough cable 
trays; or the minimum cross-sectional area of metal in channel cable 
trays or cable trays of one-piece construction. 
b Steel cable trays shall not be used as equipment grounding 
tors for circuits with ground-fault protection above 600 amperB. 
minum cable trays shall not be used as equipment grounding ci 
tors for circuits with ground-fault protection above 2000 amperi 


(3) All cable tray sections and fittings 
rably marked to show the cross 
in channel cable trays, or cable 
struction, and the total cros^ection; 
rails for ladder or trough cable tra^; 

(4) Cable tray sectionSj^Kings, and 
are bonded in accorejtance with 25 
mechanical connectors or bonding 
installed in accordance with 250. 


and di 
of metal 



aceways 
[6, using bolted 
pers sized and 


(C) Transitions. Where metallic "Fable tray systems are 
mechanically discontinuous, as permitted in 392.18(A), a 
bonding jumper sized in accordance with 250.102 shall 
connect the two sections of the cable tray, or the cable tray 
and the raceway or equipment. Bonding shall be in accor¬ 
dance with 250.96. 

392.80 Ampacity of Conductors. 

(A) Ampacity of Cables, Rated 2000 Volts or Less, in 
Cable Trays. 

(1) Multiconductor Cables. The allowable ampacity of 
multiconductor cables, nominally rated 2000 volts or less, 
installed according to the requirements of 392.22(A) shall 
be as given in Table 310.15(B)( 16) and Table 
310.15(B)(18), subject to the provisions of (A)(1)(a), (b), 
(c), and 310.15(A)(2). 


(a) The adjustment factors of 310.15(B)(3)(a) shall ap¬ 
ply only to multiconductor cables with more than three 
current-carrying conductors. Adjustment factors shall be 
limited to the number of current-carrying conductors in the 
cable and not to the number of conductors in the cable tray. 

(b) Where cable trays are continuously covered for 
more than 1.8 m (6 ft) with solid unventilated covers, not 
over 95 percent of the allowable ampacities of Table 
310.15(B)(16) and Table 310.15(B)(18) shall be permitted 
for multiconductor cables. 

(c) Where multiconductor cables are installed in a 
single layer in uncovered trays, with a maintained spacing 
of not less than one cable diameter between cables, the 
ampacity shall not exceed the allowable ambient 
temperature-con-ected ampacities of multiconductor cables, 
with not rpore than three insulated conductors rated 0 
through 2000 volts in free air, in accordance with 
310.15 




ormational Note: See Table B.310.15(B)(2)(3). 

e-ConductoT Cables. The allowable ampacity of 
inductor cables shall be as permitted by 
5(A)(2). The adjustment factors of 310.15(B)(3)(a) 
shall hot apply to the ampacity of cables in cable trays. The 
mpacity of single-conductor cables, or single conductors 
together (triplexed, quadruplexed, etc.), nominally 
rated 2000 volts or less, shall comply with the following: 

(a) Where installed according to the requirements of 
392.22(B), the ampacities for 600 kcmil and larger single¬ 
conductor cables in uncovered cable trays shall not exceed 
75 percent of the allowable ampacities in Table 
310.15(B)(17) and Table 310.15(B)(19). Where cable trays 
are continuously covered for more than 1.8 m (6 ft) with 
solid unventilated covers, the ampacities for 600 kcmil and 
larger cables shall not exceed 70 percent of the allowable 
ampacities in Table 310.15(B)(17) and Table 
310.15(B)(19). 

(b) Where installed according to the requirements of 
392.22(B), the ampacities for 1/0 AWG through 500 kcmil 
single-conductor cables in uncovered cable trays shall not 
exceed 65 percent of the allowable ampacities in Table 
310.15(B)(17) and Table 310.15(B)(19). Where cable trays 
are continuously covered for more than 1.8 m (6 ft) with 
solid unventilated covers, the ampacities for 1/0 AWG 
through 500 kcmil cables shall not exceed 60 percent of the 
allowable ampacities in Table 310.15(B)( 17) and Table 
310.15(B)(19). 

(c) Where single conductors are installed in a single 
layer in uncovered cable trays, with a maintained space of 
not less than one cable diameter between individual con¬ 
ductors, the ampacity of 1/0 AWG and larger cables shall 
not exceed the allowable ampacities in Table 310.15(B)( 17) 
and Table 310.15(B)(19). 
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392.100 


ARTICLE 392 — CABLE TRAYS 


Exception to (2)(3)(c): For solid bottom cable trays the 
ampacity of single conductor cables shall be determined by 
310.15(C). 

(d) Where single conductors are installed in a triangu¬ 
lar or square configuration in uncovered cable trays, with a 
maintained free airspace of not less than 2.15 times one 
conductor diameter (2.15 x O.D.) of the largest conductor 
contained within the configuration and adjacent conductor 
configurations or cables, the ampacity of 1/0 AWG and 
larger cables shall not exceed the allowable ampacities of 
two or three single insulated conductors rated 0 through 
2000 volts supported on a messenger in accordance with 
310.15(B). 

Informational Note: See Table 310.15(B)(20). 

(3) Combinations of Multiconductor and Single- 
Conductor Cables. Where a cable tray contains a combi¬ 
nation of multiconductor and single-conductor cables, the 
allowable ampacities shall be as given in 392.80(A)(1) for 
multiconductor cables and 392.80(A)(2) for single¬ 
conductor cables, provided that the following conditions 
apply: 

(1) The sum of the multiconductor cable fill area as a per¬ 
centage of the allowable fill area for the tray calculated 
in accordance with 392.22(A), and the single-conductor 
cable fill area as a percentage of the allowable fill area 
for the tray calculated in accordance with 3§y^^33), 
totals not more than 100 percent. 

(2) Multiconductor cables are installed^flPcordina 
392.22(A) and single-conductor cables are insta 
cording to 392.22(B) and 392.22(C) and 


(B) Ampacity of Type MV 
Volts or Over) in Cable Tr; 

rated 2001 volts, nominal, or o' 
392.22(C) shall not exceed the requ 



ables (2001 

pf cables, 
arding to 
section. 


(1) Multiconductor Cables (2001 Volts or Over). The 

allowable ampacity of multiconductor cables shall be as 
given in Table 310.60(C)(75) and Table 310.60(C)(76), 
subject to the following provisions: 

(a) Where cable trays are continuously covered for 
more than 1.8 m (6 ft) with solid unventilated covers, not 
more than 95 percent of the allowable ampacities of Table 
310.60(C)(75) and Table 310.60(C)(76) shall be permitted 
for multiconductor cables. 

(b) Where multiconductor cables are installed in a 
single layer in uncovered cable trays, with maintained spac¬ 
ing of not less than one cable diameter between cables, the 
ampacity shall not exceed the allowable ampacities of 
Table 310.60(C)(71) and Table 310.60(C)(72). 


cabled together (triplexed, quadruplexed, etc.), shall com¬ 
ply with the following: 

(a) The ampacities for 1/0 AWG and larger single¬ 
conductor cables in uncovered cable trays shall not exceed 
75 percent of the allowable ampacities in Table 
310.60(C)(69) and Table 310.60(C)(70). Where the cable 
trays are covered for more than 1.8 m (6 ft) with solid 
unventilated covers, the ampacities for 1/0 AWG and larger 
single-conductor cables shall not exceed 70 percent of the 
allowable ampacities in Table 310.60(C)(69)and Table 
310.60(C)(70). 

(b) Where single-conductor cables are installed in a 
single layer in uncovered cable trays, with a maintained 
space of not less than one cable diameter between indi¬ 
vidual conductorSjithc ampacity of 1/0 AWG and larger 
cables shall not exceed the allowable ampacities in Table 
310.60(C)(6^) and Table 310.60(C)(70). 

(c) Where single conductors are installed in a triangu¬ 
lar or square configuration in uncovered cable trays, with a 
maintained tree,, air space of not less than 2.15 times the 

x O.D.) of the largest conductor contained 
onfiguration and adjacent conductor configura- 
the ampacity of 1/0 AWG and larger cables 
ed the allowable ampacities in Table 
) and Table 310.60(C)(68). 


. Construction Specifications 
92.100 Construction. 

(A) Strength and Rigidity. Cable trays shall have suitable 
strength and rigidity to provide adequate support for all 
contained wiring. 

(B) Smooth Edges. Cable trays shall not have sharp edges, 
burrs, or projections that could damage the insulation or 
jackets of the wiring. 

(C) Corrosion Protection. Cable tray systems shall be 
corrosion resistant. If made of ferrous material, the system 
shall be protected from corrosion as required by 300.6. 

(D) Side Rails. Cable trays shall have side rails or equiva¬ 
lent structural members. 

(E) Fittings. Cable trays shall include fittings or other suit¬ 
able means for changes in direction and elevation of runs. 

(F) Nonmetallic Cable Tray. Nonmetallic cable trays 
shall be made of flame-retardant material. 


(2) Single-Conductor Cables (2001 Volts or Over). The 

ampacity of single-conductor cables, or single conductors 
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393.10 


ARTICLE 393 

Low Voltage Suspended Ceiling Power 
Distribution Systems 


[ROP 18-10a] 
I. General 


Rail. The structural support for the suspended ceiling sys¬ 
tem typically forming the ceiling grid supporting the ceiling 
tile and listed utilization equipment, such as sensors, actua¬ 
tors, A/V devices and low voltage luminaires similar elec¬ 
trical equipment. 

Reverse Polarity Protection (Backfeed Protection). A 

system that prevents two interconnected power supplies 
connected positive to negative from passing current from 
one power source into a second power source. 


393.1 Scope. This article covers the installation of low 
voltage suspended ceiling power distribution systems. 

393.2 Definitions. 


Suspended Ceiling Grid. A system which serves as a sup¬ 
port for a finished ceiling surface and other utilization 
equipment. 


Busbar. A non-insulated conductor electrically connected 
to the source of supply and physically supported on an 
insulator providing a power rail for connection to utiliza¬ 
tion equipment, such as sensors, actuators, A/V devices, 
low voltage luminaire assemblies and similar electrical 
equipment. 

Busbar Support. An insulator that runs the length of a 
section of suspended ceiling bus rail that serves to support 
and isolate the busbars from the suspended grid rail 

Connector. A term used to refer to an electro-mech 
fitting. 

Connector, Load. An electro-mechanieaJKconnector us< 
for power from the busbar to utilization equipment. 


Connector, Pendant. An electro-mech; 
connector used to suspend lo 
tion equipment below the grid 
from the busbar to utilization equtpn 


Connector, Power Feed. 

used to connect the power su 
cable, to connect directly to the 
distribution cable to the busbar. 




miechaii 
fire or utiliza- 
Dly power 

nical connector 
bwer distribution 
or from a power 


393.6 Listing Requirements. Suspended ceiling power 
distribution systems and associated fittings shall be listed as 
in 393.6(A) or 393.6(B). 

(ALfflsted Systc an. Low voltage suspended ceiling distri- 
n systems opiating at 30 volts or less ac or 60 volts 
shall be listed as a complete system with the 
equipment, power supply, and fittings as part of 
e identified system. 

iembly of Listed Parts. A low voltage suspended 
wer distribution system assembled from the fol- 
parts, listed according to the appropriate function, 
shall be permitted: 

(1) Listed low voltage utilization equipment 

(2) Listed Class 2 power supply 

(3) Listed or identified fittings, including connectors and 
grid rails with bare conductors 

(4) Listed low voltage cables in accordance with 725.179, 
conductors in raceways, or other fixed wiring methods 
for the secondary circuit. 

II. Installation 


Connector, Rail to Rail. An electro-mechanical connector 
used to interconnect busbars from one ceiling grid rail to 
another grid rail. 

Grid Bus Rail. A combination of the busbar, busbar sup¬ 
port, and the structural suspended ceiling grid system. 

Low Voltage Suspended Ceiling Power Distribution 
System. A system that serves as a support for a finished 
ceiling surface and consists of a busbar and busbar support 
system to distribute power to utilization equipment sup¬ 
plied by a Class 2 power supply. 

Power Supply. A Class 2 power supply connected between 
the branch circuit power distribution system and the busbar 
low voltage suspended ceiling power distribution system. 


393.10 Uses Permitted. Low voltage suspended ceiling 
power distribution systems shall be permanently connected 
and shall be permitted as follows: 

(1) For listed utilization equipment capable of operation at 
a maximum of 30 volts ac (42.4 volts peak) or 60 volts 
dc (24.8 volts peak for dc interrupted at a rate of 10 to 
200 Hz) and limited to Class 2 power levels in Table 
11(A) and Table 11(B) for lighting, control, and signal¬ 
ing circuits 

(2) In indoor dry locations 

(3) For residential, commercial, and industrial installations 

(4) In other spaces used for environmental air in accor¬ 
dance with 300.22(C), electrical equipment having a 
metal enclosure or with nonmetallic enclosure and fit¬ 
tings, shall be listed for use within an air handling 
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393.12 


ARTICLE 393 — LOW VOLTAGE SUSPENDED CEILING POWER DISTRIBUTION SYSTEMS 


space and, have adequate fire-resistant and low-smoke- 
producing characteristics, and associated wiring mate¬ 
rial suitable for the ambient temperature 

Informational Note: One method of defining adequate fire 
resistant and low-smoke producing characteristics for elec¬ 
trical equipment with a nonmetallic enclosure is in ANSI/ 

UL 2043-2008, Fire Test for Heat and Visible Smoke Re¬ 
lease for Discrete Products and Their Accessories Installed 
in Air-Handling Spaces. 

(5) For lighting in general or critical patient care areas 

393.12 Uses Not Permitted. Suspended ceiling power dis¬ 
tribution systems shall not be installed in the following: 

(1) In damp or wet locations 

(2) Where subject to corrosive fumes or vapors, such as 
storage battery rooms 

(3) Where subject to physical damage 

(4) In concealed locations 

(5) In hazardous (classified) locations 

(6) As part of a fire-rated floor ceiling or roof-ceiling as¬ 
sembly, unless specifically listed as part of the 
assembly 

393.14 Installation. 

(A) General Requirements. Support wiring shall be in¬ 
stalled in a neat and workmanlike manner. Cables and c on- 
ductors installed exposed on the surface of ceilings and 
sidewalls shall be supported by the building structural n 
such a manner that the cable is not be damaged by 
building use. Such cables shall be supported by straps 
staples, hangers, cable ties, or similar fittings designed and 
installed so as not to damage the ejSTe. 

Informational Note: Suspended ceiling low voltage power 
grid distribution systems should be mstalled byHlialified 
persons in accordance with the manufacturer’s jnsiallation 
instructions. 

(B) Insulated Conductors. Exposed insulated secondary 
circuit conductors shall be listed and of the type, and in¬ 
stalled as described in 393.14(B)(1) or (B)(2): 


multaneously break all the supply conductors to the power 
supply in accordance with 210.4(B). 

393.30 Securing and Supporting. 

(A) Attached to Building Structure. A suspended ceiling 
low voltage power distribution system shall be secured to 
the mounting surface of the building structure by hanging 
wires, screws, or bolts in accordance with the installation 
and operation instructions. Mounting hardware, such as 
screws or bolts, shall either be packaged with the sus¬ 
pended ceiling low voltage lighting power distribution sys¬ 
tem or the installation instructions shall specify the types of 
mounting fasteners to be used. 

(B) Attachment of Power Grid Rails. The individual 
power grid rails shall be mechanically secured to the over¬ 
all ceiling grid assembly. 


393.40 Coi 



d Enclosures. 


(A) Connectors. Connections to busbar grid rail, cables, 
and conductors shall be madd' with listed insulating devices 
and these connections shall be accessible after installation. 
A soldered tronnection shall be made mechanically secure 
before being soldered. Other means of securing leads, such 
push-on terminals and spade-type connectors, shall pro¬ 
cure mechanical connection. The following con- 
be permitted to be used as connection or in- 
Fconnection devices: 

Load connectors shall be used for power from the bus¬ 
bar to listed utilization equipment. 

A pendant connector shall be permitted to suspend low 
voltage luminaires or utilization equipment below the 
grid rail and to supply power from the busbar to the 
utilization equipment. 

A power feed connector shall be permitted to connect 
the power supply directly to a power distribution cable 
and to the busbar. 

(4) Rail-to-rail connectors shall be permitted to intercon¬ 
nect busbars from one ceiling grid rail to another grid 
rail. 



(3) 


(1) Class 2 cable supplied by a Listed Class 2 power 
source and installed in accordance with Parts I and III 
of Article 725 

(2) Wiring methods described in Chapter 3 

393.21 Disconnecting Means. 

(A) Location. A disconnecting means for the Class 2 sup¬ 
ply to the power grid system shall be located so as to be 
accessible and within sight of the Class 2 power source for 
servicing or maintenance of the grid system. 

(B) Multiwire Branch Circuits. Where connected to a 
multiwire branch circuit, the disconnecting means shall si¬ 


Informational Note: For quick-connect terminals; see UL 
310, Standard for Electrical Quick-Connect and for me¬ 
chanical splicing devices, and see UL 486A and 486B, 
Standard for Wire Connectors. 

(B) Enclosures. Where made in a wall, connections shall 
be installed in an enclosure in accordance with Parts I, II 
and III of Article 314. 

393.45 Overcurrent and Reverse Polarity (Back Feed) 
Protection. 

(A) Overcurrent Protection. The listed Class 2 power 
supply or transformer primary shall be protected at not 
greater than 20 amperes. 
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394.19 


(B) Interconnection of Power Sources. Listed Class 2 
sources shall not have the output connections paralleled or 
otherwise interconnected, unless listed for such intercon¬ 
nection. 


a busbar with a circular cross section, the diameter shall be 
0.051 in. (1.29 mm) minimum, and, for other than circular 
busbars, the area shall be 0.002 in. 2 (1.32 mm 2 ) minimum. 


(C) Reverse Polarity (Back Feed) Protection of DC Sys¬ 
tems. A suspended ceiling low voltage power distribution 
system shall be permitted to have reverse polarity (back 
feed) protection of DC circuits by one of the following 
means: 

(1) If the power supply is provided as part of the system, 
the power supply is provided with reverse polarity 
(back feed) protection; or 

(2) If the power supply is not provided as part of the sys¬ 
tem, reverse polarity or back feed protection can be 
provided as part of the grid rail busbar or as a part of 
the power feed connector. 

393.56 Splices. A busbar splice shall be provided with in¬ 
sulation and mechanical protection equivalent to that of the 
grid rail busbars involved. 

393.57 Connections. Connections in busbar grid rails, 
cables, and conductors shall be made with listed insulating 
devices and be accessible after installation. Where 
a wall, connections shall be installed in an enclosure li 
accordance with Parts I, II, and III of Article 314, as appli 
cable. 


393.60 Grounding. 

(A) Grounding of Supply Side of C 

The supply side of the Class 2 power 
nected to an equipment grounding Cl 
with the applicable requirements in Pai 



shall be con- 
jccordance 
facie 250. 


(B) Grounding of Load Side of Class 2 Power Source. 

Class 2 load side circuits for suspended ceiling low voltage 
power grid distribution systems shall nfat be grounded. 

III. Construction Specifications 


ARTICLE 394 

Concealed Knob-and-Tube Wiring 

I. General 

394.1 Scope. This article covers the use, installation, and 
construction specifications of concealed knob-and-tube wir¬ 
ing. 


394.2. Def 
Conce 


tion. 



ub-and-Tube Wiring. A wiring method us- 
ingAkj?bbs, tubes, and flexible nonmetallic tubing for the 
section and support of single insulated conductors. 

foliation 

394.10 Uses Permitted. Concealed knob-and-tube wiring 
shall be permitted to be installed in the hollow spaces of 
and ceilings, or in unfinished attics and roof spaces as 
provided by 394.23, only as follows: 

(1) For extensions of existing installations 

(2) Elsewhere by special permission 

394.12 Uses Not Permitted. Concealed knob-and-tube 
wiring shall not be used in the following: 

(1) Commercial garages 

(2) Theaters and similar locations 

(3) Motion picture studios 

(4) Hazardous (classified) locations 

(5) Hollow spaces of walls, ceilings, and attics where such 
spaces are insulated by loose, rolled, or foamed-in- 
place insulating material that envelops the conductors 


393.104 Sizes and Types of Conductors. 

(A) Load Side Utilization Conductor Size. Current- 
carrying conductors for load side utilization equipment 
shall be copper and shall be 18 AWG minimum. 

Exception: Conductors of a size smaller than 18 AWG but 
not smaller than 24 AWG shall be permitted to be used for 
Class 2 circuits. Where used, these conductors shall be 
installed in a Chapter 3 wiring method, totally enclosed, 
shall not be subject to movement or strain, and shall com¬ 
ply with the ampacity requirements in Table 522.22. 

(B) Power Feed Bus Rail Conductor Size. The power 
feed bus rail shall be 16 AWG minimum or equivalent. For 


394.17 Through or Parallel to Framing Members. Con¬ 
ductors shall comply with 398.17 where passing through 
holes in structural members. Where passing through wood 
cross members in plastered partitions, conductors shall be 
protected by noncombustible, nonabsorbent, insulating 
tubes extending not less than 75 mm (3 in.) beyond the 
wood member. 

394.19 Clearances. 

(A) General. A clearance of not less than 75 mm (3 in.) 
shall be maintained between conductors and a clearance of 
not less than 25 mm (1 in.) between the conductor and the 
surface over which it passes. 
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ARTICLE 396 — MESSENGER-SUPPORTED WIRING 


(B) Limited Conductor Space. Where space is too limited 
to provide these minimum clearances, such as at meters, 
panelboards, outlets, and switch points, the individual con¬ 
ductors shall be enclosed in flexible nonmetallic tubing, 
which shall be continuous in length between the last sup¬ 
port and the enclosure or terminal point. 

(C) Clearance from Piping, Exposed Conductors, and 
So Forth. Conductors shall comply with 398.19 for clear¬ 
ances from other exposed conductors, piping, and so forth. 


(B) Securing. Where solid knobs are used, conductors 
shall be securely tied thereto by tie wires having insulation 
equivalent to that of the conductor. 

394.42 Devices. Switches shall comply with 404.4 and 
404.10(B). 

394.56 Splices and Taps. Splices shall be soldered unless 
approved splicing devices are used. In-line or strain splices 
shall not be used. 


394.23 In Accessible Attics. Conductors in unfinished at¬ 
tics and roof spaces shall comply with 394.23(A) or (B). 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 

(A) Accessible by Stairway or Permanent Ladder. Con¬ 
ductors shall be installed along the side of or through bored 
holes in floor joists, studs, or rafters. Where run through 
bored holes, conductors in the joists and in studs or rafters 
to a height of not less than 2.1 m (7 ft) above the floor or 
floor joists shall be protected by substantial running boards 
extending not less than 25 mm (1 in.) on each side of the 
conductors. Running boards shall be securely fastened in 
place. Running boards and guard strips shall not be re 
quired where conductors are installed along the sides of 
joists, studs, or rafters. 

(B) Not Accessible by Stairway or Permanent Lad] 

Conductors shall be installed along the sides «jf or tl 
bored holes in floor joists, studs, or rafters. 


is 

essinie by 
headroom at all 
emitted 
'facing the 


Exception: In buildings completed 
installed, attic and roof space: 
stairway or permanent ladde, 
points less than 900 mm {3 ft), the 
to be installed on the edges of rafti 
attic or roof space. 

394.30 Securing and Supporting. 


(A) Supporting. Conductors shall be rigidly supported on 
noncombustible, nonabsorbent insulating materials and 
shall not contact any other objects. Supports shall be in¬ 
stalled as follows: 



III. Construction Specifications 

394.104 Conductors. Conductors shall be of a type speci¬ 
fied by Article 310. 


CLE 396 
ported Wiring 




is article covers the use, installation, and 
pecifications for messenger-supported wiring. 


ssenger-Supported Wiring. An exposed wiring support 
ystem using a messenger wire to support insulated conduc¬ 
tors by any one of the following: 

(1) A messenger with rings and saddles for conductor sup¬ 
port 

(2) A messenger with a field-installed lashing material for 
conductor support 

(3) Factory-assembled aerial cable 

(4) Multiplex cables utilizing a bare conductor, factory as¬ 
sembled and twisted with one or more insulated con¬ 
ductors, such as duplex, triplex, or quadruplex type of 
construction 


II. Installation 


(1) Within 150 mm (6 in.) of each side of each tap or 
splice, and 

(2) At intervals not exceeding 1.4 m (4 Vi ft). 

Where it is impracticable to provide supports, conduc¬ 
tors shall be permitted to be fished through hollow spaces 
in dry locations, provided each conductor is individually 
enclosed in flexible nonmetallic tubing that is in continuous 
lengths between supports, between boxes, or between a 
support and a box. 


396.10 Uses Permitted. 

(A) Cable Types. The cable types in Table 396.10(A) shall 
be permitted to be installed in messenger-supported wiring 
under the conditions described in the article or section ref¬ 
erenced for each. 

(B) In Industrial Establishments. In industrial establish¬ 
ments only, where conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installed 
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398.15 


Table 396.10(A) Cable Types 


Cable Type 

Section 

Article 

Medium-voltage cable 


328 

Metal-clad cable 


330 

Mineral-insulated, 
metal-sheathed cable 


332 

Multiconductor 
service-entrance cable 


338 

Multiconductor underground 
feeder and branch-circuit 
cable 

Other factory-assembled, 
multiconductor control, 
signal, or power cables that 
are identified for the use 


340 

Power and control tray cable 


336 

Power-limited tray cable 

725.154(C) and 
725.179(E) 




(C) Hazardous (Classified) Lqj 
supported wiring shall be permitted to be 
(classified) locations where the ^ont; 
messenger-supported wiring are specilicall 
other articles in this Coi 


396.12 Uses Not Permittei 

shall not be used in hoistways 
damage. 


fflws 

Oils. Messenger- 
sed in hazardous 
cables and 
rmitted by 


pported wiring 
bject to physical 


396.56 Conductor Splices and Taps. Conductor splices 
and taps made and insulated by approved methods shall be 
permitted in messenger-supported wiring. 

396.60 Grounding. The messenger shall be grounded as 
required by 250.80 and 250.86 for enclosure grounding. 


ARTICLE 398 
Open Wiring on Insulators 


is article covers the use, installation, and 
ipecihcations of open wiring on insulators. 


messenger-supported wiring, the following shall be permit¬ 
ted: 

(1) Any of the conductor types shown in Table 310.104(A) 
or Table 310.104(B) 

(2) MV cable 

Where exposed to weather, conductors shall be listed 
for use in wet locations. Where exposed to direct ra^*at^^r 
the sun, conductors or cables shall be sunlight resistant. 



I. General 

398.1 Scopi 

construct: 

398, 


Wiring on Insulators. An exposed wiring method 
-its. knobs, rubes, and flexible tubing for the pro- 
sctjpijKuid support of single insulated conductors run in or 
uildings. 

illation 

398.10 Uses Permitted. Open wiring on insulators shall be 
permitted only for industrial or agricultural establishments 
on systems of 600 volts, nominal, or less, as follows: 

(1) Indoors or outdoors 

(2) In wet or dry locations 

(3) Where subject to corrosive vapors 

(4) For services 

398.12 Uses Not Permitted. Open wiring on insulators 
shall not be installed where concealed by the building 
structure. 


396.30 Messenger. 

(A) Support. The messenger shall be supported at dead 
ends and at intermediate locations so as to eliminate tension 
on the conductors. The conductors shall not be permitted to 
come into contact with the messenger supports or any 
structural members, walls, or pipes. 

(B) Neutral Conductor. Where the messenger is used as a 
neutral conductor, it shall comply with the requirements of 
225.4, 250.184(A), 250.184(B)(7), and 250.187(B). 

(C) Equipment Grounding Conductor. Where the mes¬ 
senger is used as an equipment grounding conductor, it 
shall comply with the requirements of 250.32(B), 250.118, 
250.184(B)(8), and 250.187(D). 


398.15 Exposed Work. 

(A) Dry Locations. In dry locations, where not exposed to 
physical damage, conductors shall be permitted to be sepa¬ 
rately enclosed in flexible nonmetallic tubing. The tubing 
shall be in continuous lengths not exceeding 4.5 m (15 ft) 
and secured to the surface by straps at intervals not exceed¬ 
ing 1.4 m (4 l A ft). 

(B) Entering Spaces Subject to Dampness, Wetness, or 
Corrosive Vapors. Conductors entering or leaving loca¬ 
tions subject to dampness, wetness, or corrosive vapors 
shall have drip loops formed on them and shall then pass 
upward and inward from the outside of the buildings, or 
from the damp, wet, or corrosive location, through non¬ 
combustible, nonabsorbent insulating tubes. 
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ARTICLE 398 — OPEN WIRING ON INSULATORS 


Informational Note: See 230.52 for individual conductors 
entering buildings or other structures. 

(C) Exposed to Physical Damage. Conductors within 2. 1 
m (7 ft) from the floor shall be considered exposed to 
physical damage. Where open conductors cross ceiling 
joists and wall studs and are exposed to physical damage, 
they shall be protected by one of the following methods: 

(1) Guard strips not less than 25 mm (1 in.) nominal in 
thickness and at least as high as the insulating supports, 
placed on each side of and close to the wiring. 

(2) A substantial running board at least 13 mm (Vi in.) 
thick in back of the conductors with side protections. 
Running boards shall extend at least 25 mm (1 in.) 
outside the conductors, but not more than 50 mm 
(2 in.), and the protecting sides shall be at least 50 mm 
(2 in.) high and at least 25 mm (1 in.), nominal, in 
thickness. 

(3) Boxing made in accordance with 398.15(C)(1) or 
(C)(2) and furnished with a cover kept at least 25 mm 
(1 in.) away from the conductors within. Where pro¬ 
tecting vertical conductors on side walls, the boxing 
shall be closed at the top and the holes through which 
the conductors pass shall be bushed. 

(4) Rigid metal conduit, intermediate metal conduit, rigid 
nonmetallic conduit, or electrical metallic tubing. 
When installed in metal piping, the conductors shall be 
encased in continuous lengths of approved flexible 
tubing. 

398.17 Through or Parallel to Fram mg M embers. Open 
conductors shall be separated from contact withwvalls, 
floors, wood cross members, (^partitions through which 
they pass by tubes or bushings of noncombustible, nonab¬ 
sorbent insulating material. Where the bushing Is shorter 
than the hole, a waterproof sleeve of noninductive material 
shall be inserted in the hole and an insulating bushing 
slipped into the sleeve at each end in such a manner as to 
keep the conductors absolutely out of contact with the 
sleeve. Each conductor shall be carried through a separate 
tube or sleeve. 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 

398.19 Clearances. Open conductors shall be separated at 
least 50 mm (2 in.) from metal raceways, piping, or other 
conducting material, and from any exposed lighting, power, 
or signaling conductor, or shall be separated therefrom by a 
continuous and firmly fixed nonconductor in addition to the 
insulation of the conductor. Where any insulating tube is 
used, it shall be secured at the ends. Where practicable, 
conductors shall pass over rather than under any piping 
subject to leakage or accumulations of moisture. 


398.23 In Accessible Attics. Conductors in unfinished at¬ 
tics and roof spaces shall comply with 398.23(A) or (B). 

(A) Accessible by Stairway or Permanent Ladder. Con¬ 
ductors shall be installed along the side of or through bored 
holes in floor joists, studs, or rafters. Where run through 
bored holes, conductors in the joists and in studs or rafters 
to a height of not less than 2.1 m (7 ft) above the floor or 
floor joists shall be protected by substantial running boards 
extending not less than 25 mm (1 in.) on each side of the 
conductors. Running boards shall be securely fastened in 
place. Running boards and guard strips shall not be re¬ 
quired for conductors installed along the sides of joists, 
studs, or rafters. 

(B) Not Accessible/by Stairway or Permanent Ladder. 

Conductors shall be Installed along the sides of or through 
bored holes in floor joists, studs, or rafters. 

Exception: Wi buildings completed before the wiring is 
installedjn attic and n^^naces that are not accessible by 
stain^m or permanent ladder and have headroom at all 
points less t]mfr900 mm (3 ft), the wiring shall be permitted 
to be installed on the edges of rafters or joists facing the 
attic orrO^f space. 

securing and Supporting. 

Conductor Sizes Smaller Than 8 AWG. Conductors 
laller than 8 AWG shall be rigidly supported on noncom- 
stible, nonabsorbent insulating materials and shall not 
intact any other objects. Supports shall be installed as 
follows: 

(1) Within 150 mm (6 in.) from a tap or splice 

(2) Within 300 mm (12 in.) of a dead-end connection to a 
lampholder or receptacle 

(3) At intervals not exceeding 1.4 m (A'A ft) and at closer 
intervals sufficient to provide adequate support where 
likely to be disturbed 

(B) Conductor Sizes 8 AWG and Larger. Supports for 
conductors 8 AWG or larger installed across open spaces 
shall be permitted up to 4.5 m (15 ft) apart if noncombus¬ 
tible, nonabsorbent insulating spacers are used at least ev¬ 
ery 1.4 m (4'/2 ft) to maintain at least 65 mm (2'A in.) 
between conductors. 

Where not likely to be disturbed in buildings of mill 
construction, 8 AWG and larger conductors shall be permit¬ 
ted to be run across open spaces if supported from each 
wood cross member on approved insulators maintaining 
150 mm (6 in.) between conductors. 

(C) Industrial Establishments. In industrial establish¬ 
ments only, where conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the system, 
conductors of sizes 250 kcmil and larger shall be permitted 
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ARTICLE 399 — OUTDOOR OVERHEAD CONDUCTORS OVER 1000 VOLTS 


399.30 


to be run across open spaces where supported at intervals 
up to 9.0 m (30 ft) apart. 

(D) Mounting of Conductor Supports. Where nails are 
used to mount knobs, they shall not be smaller than ten- 
penny. Where screws are used to mount knobs, or where 
nails or screws are used to mount cleats, they shall be of a 
length sufficient to penetrate the wood to a depth equal to at 
least one-half the height of the knob and the full thickness 
of the cleat. Cushion washers shall be used with nails. 

(E) Tie Wires. Conductors 8 AWG or larger and supported 
on solid knobs shall be securely tied thereto by tie wires 
having an insulation equivalent to that of the conductor. 

398.42 Devices. Surface-type snap switches shall be 
mounted in accordance with 404.10(A), and boxes shall not 
be required. Other type switches shall be installed in accor¬ 
dance with 404.4. 


III. Construction Specifications 

398.104 Conductors. Conductors shall be of a type speci¬ 
fied by Article 310. 


ARTICLE 399 
Outdoor Overhead Cond 
1000 Volts 

[ROP 7-82] 

399.1 Scope. This article 
outdoor overhead conduct' 

[ROP 7-84] 

399.2 Definition. 

Outdoor Overhead Conductors. Single conductors, insu¬ 
lated, covered, or bare, installed outdoors on support struc¬ 
tures in free air. [ROP 7-85] 

399.10 Uses Permitted. Outdoor overhead conductors 
over 1000 volts, nominal, shall be permitted only for sys¬ 
tems rated over 1000 volts, nominal, as follows: [ROP 
7-86] 

(1) Outdoors in free air [ROP 7-87] 

(2) For service conductors, feeders, or branch circuits 

Informational Note: For additional information on outdoor 
overhead conductors over 1000 volts, see ANSI/IEEE C2- 
2007, National Electrical Safety Code. [ROP 7-86] 



l installation for 
' volts, nominal. 


399.12 Uses Not Permitted. Overhead conductors, over 
600 volts, nominal shall not be permitted to be installed 
indoors. 

399.30 Support. 

(A) Conductors. Documentation of the engineered design 
by a licensed professional engineer engaged primarily in 
the design of such systems for the spacing between conduc¬ 
tors shall be available upon request of the authority having 
jurisdiction and shall include consideration of the follow¬ 
ing: 

(1) Applied voltage 

(2) Conductor size 

(3) Distance between support structures 

(4) Type oJ| structure 

(5) Wind/ice loading 

(6) Surge protection 

Structures. Structures of wood, metal, concrete, or 
combinations of those materials, shall be provided for sup¬ 
port of'overhead conductors over 600 volts, nominal. Docu- 
ation of the engineered design by a licensed profes¬ 
sional engineer engaged primarily in the design of such 
steffisffind the installation of each support structure shall 
available upon request of the authority having jurisdic¬ 
tion and shall include consideration of the following: 

(1) Soil conditions 

(2) Foundations and structure settings 

(3) Weight of all supported conductors and equipment 

(4) Weather loading and other conditions such as but not 
limited to ice, wind, temperature, and lightning 

(5) Angle where change of direction occurs 

(6) Spans between adjacent structures 

(7) Effect of dead-end structures 

(8) Strength of guys and guy anchors 

(9) Structure size and material(s) 

(10) Hardware 

(C) Insulators. Insulators used to support conductors shall 
be rated for all of the following: 

(1) Applied phase-to-phase voltage 

(2) Mechanical strength required for each individual instal¬ 
lation 

(3) Impulse withstand BIL in accordance with Table 
490.24 

Informational Note: 399.30(A), (B), and (C) are not all- 
inclusive lists. 
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CHAPTER 4 


ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


Chapter 4 Equipment for General Use 


ARTICLE 400 
Flexible Cords and Cables 


I. General 

400.1 Scope. This article covers general requirements, ap¬ 
plications, and construction specifications for flexible cords 
and flexible cables. 


400.3 Suitability. Flexible cords and cables and their as¬ 
sociated fittings shall be suitable for the conditions of use 
and location. 

400.4 Types. Flexible cords and flexible cables shall con¬ 
form to the description in Table 400.4. Types of flexible 
cords and flexible cables other than those listed in the table 
shall be allowed only by special permission. [ROP 8-86] 


400.2 Other Articles. Flexible cords and flexible cables 
shall comply with this article and with the applicable pro¬ 
visions of other articles of this Code. 

Table 400.4 Flexible Cords and Cables (See 400.4.) 
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ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


400.4 


Table 400.4 Continued 


Trade 

Name 

Type 

Letter 

Voltage 

AWG 

or 

kcmil 

Number 

of 

Conduc¬ 

tors 

Insulation 

AWG 

or 

kcmil 

Nominal 

Insulation 

Thickness [ROP 6-76a] 

Braid 
on Each 
Conduc¬ 
tor 

Outer 

Covering 

Use 

mm 

mils 

Electric 

vehicle 

cable 

EV 13 ’ 14 

[ROP 6-77] 

600 

18-500 

[ROP 

6-77] 

2 or more 
plus 

grounding 
conductor(s), 
plus optional 
hybrid data, 
signal 

communication 
and optical 
fiber cables 

Thermoset with 
optional nylon 

[ROP 6-77] 

s, 

18-15 

14-10 

8-2 

1-4/0 

250-500 

[ROP 

6-77] 

0.76 

(0.51) 

1.14 

(0.76) 

1.52 

(1.14) 

2.03 

(1.52) 

2.41 

(1.90) 

[ROP6-77] 

30 

(20) 

45 

(30) 

60 

(45) 

80 

(60) 

95 

(75) 

V 

Optional 

Oil-resistant 

thermoset 

[ROP 6-79] 

Electric 

vehicle 

charging 

Wet 

locations 

Extra 

hard 

usage 

EVJ 13 ’ 14 

[ROP 6-77] 

300 

18-12 

[ROP 

6-77] 

18-12 

0.76 A 
(0.51) 

[ROP6-77] 

▲ 

r3o 

% 

Hard 

usage 

EVE 13 ’ 14 

[ROP 6-77] 

600 

18-500 

[ROP 

6-77] 

2 or more 
plus 

grounding 
conductor(s), 
plus optional 
hybrid data, 
signal 

communication 
and optical 
fiber cables 

Thermoplastic 
elastomer with 
optional nylon 

[ROP 6-77] 

x 

18-15^ 

r 

l-4^R 
250- 50R 

[ROP 

6-79] 

> 

^76 

(0-51U 
l.yg 

L52 

*•■14) 

2.03 

(1.52) 

(jam 

[ROP6-77] 

30 

(20) 

45 

(30) 

60 

(45) 

80 

(60) 

95 

(75) 

[ROP 

6-77] 


Oil-resistant 

thermo¬ 

plastic 

elastomer 

[ROP 6-79] 

Extra 

hard 

usage 

EVJE 1314 

[ROP 6-77] 

300 

18-12 

[ROP 

6-77] 


0.76 

(0.51) 

[ROP6-77] 

30 

(20) 

[ROP 

6-77] 

Hard 

usage 

EVT 13 ' 14 

[ROP 6-77] 

600 

◄ 

18-5Q|^ 

[ROP 

2 or more 
plus 

grounding 
conductor(s), 
plus optional 
hybrid daj^V 
signal 

Thermoplastic 
with optional 
n^R [ROP 
6-77] 

18-15 
14-10 
8-2 
1-1/0 
250- 500 
[ROP 
6-77] 

0.76 

(0.51) 

1.14 

(0.76) 

1.52 

(1.14) 

2.03 

(1.52) 

2.41 

(1.90) 

[ROP6-77] 

30 

(20) 

45 

(30) 

60 

(45) 

80 

(60) 

95 

(75) 

[ROP 

6-77] 

Optional 

Oil-resistant 

thermo¬ 

plastic 

[ROP 6-79] 

Electric 

vehicle 

charging 

Wet 

Location 

Extra 

shard 

usage 

and optical 

fil^Tcables 


EVJT 13 ’ 14 

[ROP 6-77] 

300 

18-12 

[ROP 

6-77] 

18-12 

0.76 

(0.51) 

[ROP 6-77] 

30 

(20) 

[ROP 

6-77] 

Hard 

usage 

Portable 

G 

2000 

12-500 

2-6 plus 

Thermoset 

12-2 

1.52 

60 


Oil- 

Portable and extra hard 

power 




grounding 


1-4/0 

2.03 

80 


resistant 

usage 



cable 




conductor(s) 


250-500 

2.41 

95 


thermoset 





G-GC 6 

2000 

12-500 

3-6 plus 

Thermoset 

12-2 

1.52 

60 


Oil-resistant 





[ROP 6-80] 



grounding 


1-4/0 

2.03 

80 


thermoset 








conductors 


250-500 

2.41 

95 










and 1 ground 














check 














conductor 










Heater 

HPD 

300 

18-12 

2, 3, or 4 

Thermoset 

18-16 

0.38 

15 

None 

Cotton or rayon 

Portable 

Dry 

Not 

cord 






15-12 

0.76 

30 



heaters 

loca- 

hard 







[ROP 






tions 

usage 







6-77] 
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400.4 


ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


Table 400.4 Continued 


Trade 

Name 

Type 

Letter 

Voltage 

AWG 

or 

kcmil 

Number 

of 

Conduc¬ 

tors 

Insulation 

AWG 

or 

kcmil 

Nominal 

Insulation 

Thickness [ROP 6-76a] 

Braid 
on Each 
Conduc¬ 
tor 

Outer 

Covering 

Use 

mm 

mils 

Parallel 

heater 

cord 

HPN 8 

[ROP 6-77] 

300 

18-12 

2 or 3 

Oil-resistant 

thermoset 

18-16 

15, 14 

12 

[ROP 

6-77] 

1.14 

1.52 

2.41 

45 

60 

95 

None 

Oil-resistant 

thermoset 

Portable 

Damp 

locations 

Not 

hard 

usage 

Thermoset 

jacketed 

heater 

cords 

HSJ 

300 

18-12 

2, 3, or 4 

Thermoset 

18-16 

15-12 

[ROP 

6-77] 

| 1 

0.76 

1.14 

< 

30 

45 

/ 

/ 

\ 

None 

t 

Cotton and 
Thermoset 

Portable 

or 

portable 

heater 

Damp 

loca¬ 

tions 

Hard 

usage 

HSJO 

300 

18-12 

Oil-resistant 

thermoset 

Cotton and 
oil-resistant 
thermoset 

► 

Damp 
and wet 
locations 

[ROP 

6-85] 

HSJOW 15 

[ROP 6-85] 

300 

[ROP 

6-85] 

18-12 

[ROP 

6-85] 


HSJOO 

300 

18-12 

Damp 

locations 

[ROP 

6-85] 

HSJOOW 15 

[ROP 6-85] 

300 

[ROP 

6-85] 

18-12 

[ROP 

6-85] 


r 


Damp 
and wet 
locations 

[ROP 

6-85] 


Non- 

integral 

parallel 

cords 

NISP-1 

300 

20-18 

2 or 3 ^ 


* 20-18 ' 

^ 0.38 

15 

None 

Thermoset 

Pendant 

or 

portable 

Damp 

loca¬ 

tions 

Not 

hard 

usage 

NISP-2 

300 

18-16 

18-16 

r 0.76 

30 

NISPE-1 8 
[ROP 6-77] 

300 

20-18 

Thermoplastic 

elastomer 

v 

20-18 

0.38 

15 

Thermo¬ 

plastic 

elastomer 

NISPE-2 8 

[ROP 6-77] 

300 

18-16 ^ 


18-16 

0.76 

30 

NISPT-1 8 

[ROP 6-77] 

300 

20-18 

/ . 

20-18 

0.38 

15 

Thermo¬ 

plastic 

NISPT-2 8 

[ROP 6-77] 

300 

18-16 

18-16 

0.76 

30 

Twisted 

portable 

cord 

PD 

300 

600 

18-16 

14-10 

2 or more 

Thermoset or 
thermoplastic 

18-16 

15-10 

[ROP 

6-77] 

0.76 

1.14 

30 

45 

Cotton 

Cotton or rayon 

Pendant 

or 

portable 

Dry 

loca¬ 

tions 

Not 

hard 

usage 

Portable 

power 

cable 

PPE 6 [ROP 
6-80] 

2000 

12-500 

1-6 plus 
optional 
grounding 
conductor(s) 

Thermoplastic 

elastomer 

12-2 

1^1/0 

250-500 

1.52 

2.03 

2.41 

60 

80 

95 


Oil-resistant 

thermo¬ 

plastic 

elastomer 

Portable, extra hard 
usage 

Hard 

service 

cord 

S 6 [ROP 
6-77] 

600 

18-2 

2 or more 

Thermoset 

18-15 

14-10 

8-2 [ROP 
6-77] 

0.76 

1.14 

1.52 

30 

45 

60 

None 

Thermoset 

Pendant 

or 

portable 

Damp 

loca¬ 

tions 

Extra 

hard 

usage 

Flexible 
stage and 
lighting 
power 
cable 

SC 2 ’ 6 [ROP 
6-81, ROP 
6-87] 

600 

8-250 

1 or more 

Thermoset 

8-2 

1^/0 

250 

1.52 

2.03 

2.41 

60 

80 

95 


Thermoset 

Portable, extra hard 
usage 
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400.4 


ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


Table 400.4 Continued 


Trade 

Name 

Type 

Letter 

Voltage 

AWG 

or 

kcmil 

Number 

of 

Conduc¬ 

tors 

Insulation 

AWG 

or 

kcmil 

Nominal 

Insulation 

Thickness [ROP 6-76a] 

Braid 
on Each 
Conduc¬ 
tor 

Outer 

Covering 

Use 

mm 

mils 


SJOW 15 

[ROP 6-77] 

300 


A 


18-12 

10 

t 

0.7 

/ 

30 

/ 

t 



Damp 
and wet 
locations 


SJOO 

300 

Oil-resistant 

thermoset 

Damp 

locations 

SJOOW 15 

[ROP 6-77] 

300 

Damp 
and wet 
locations 

SJT 

300 

Thermoplastic 

Thermo¬ 

plastic 

Damp 

locations 

SJTW 15 

[ROP 6-77] 

300 

Damp 
and wet 
locations 

SJTO 

300 

Oil- 

resistant 

thermo- 

lastic 

Damp 

locations 

SJTOW 15 

[ROP 6-77] 

300 

Damp 
and wet 
locations 

SJTOO 

300 

Oil-resistant 

thermoplastic 

/) 

Damp 

locations 

SJTOOW 15 

[ROP 6-77] 

300 

Damp 
and wet 
locations 

Hard 

service 

cord 

SO 6 [ROP 
6-77] 

600 

18-2 

2 or more 


18 15 

r 0.76 

30 

None 

Oil- 

resistant 

thermoset 

Pendant 

or 

portable 

Damp 

loca¬ 

tions 

Extra 

hard 

usage 

v 

[ROP 

6-89] 

SOW 615 

[ROP 6-77] 

600 


Damp 
and wet 
locations 

SOO 6 [ROP 
6-77] 

600 

Oil- 

resistant 

thermoset 

14-9 

8-2 [ROP 
6-89] 

1.14 

1.52 

45 

60 

Damp 

locations 

SOOW 6 ’ 15 

[ROP 6-77] 

600 

Damp 
and wet 
locations 

All 

SP-1 

300 

20-18 

2 or 3 

Thermoset 

20-18 

0.76 

30 

None 

None 

Pendant 

Damp 

Not 

thermoset 











or 

loca- 

hard 

parallel 











portable 

tions 

usage 

cord 















SP-2 

300 

18-16 



18-16 

1.14 

45 







SP-3 

300 

18-10 



18-16 

1.52 

60 



Refrigerat 

>rs, 








15, 14 

2.03 

80 



room air 









12 

2.41 

95 



conditione 

rs, 








10 [ROP 

2.80 

110 



and as 









6-77] 





permitted 














in 














422.16(B) 
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Table 400.4 Continued 



[ROP 6-76a] 

2 The required outer covering on some single-conductor cables may be integral with the insulation. 
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ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


400.5 


3 All types listed in Table 400.4 shall have individual conductors twisted together except for Types HPN, SP-1, SP-2, SP-3, SPE-1, SPE-2, SPE-3, 
SPT-1, SPT-2, SPT-3, SPT-1W, SPT-2W, TPT, NISP-1, NISP-2, NISPT-1, NISPT-2, NISPE-1, NISPE-2, and three-conductor parallel versions of 
SRD, SRDE, and SRDT. [ROP 6-91] 

4 Types TPT and TST shall be permitted in lengths not exceeding 2.5 m (8 ft) where attached directly, or by means of a special type of plug, to a 
portable appliance rated at 50 watts or less and of such nature that extreme flexibility of the cord is essential. 

5 Rubber-filled or varnished cambric tapes shall be permitted as a substitute for the inner braids. 

6 Types G, G-GC, S, SC, SCE, SCT, SE, SEO, SEOO, SEW, SEOW, SEOOW, SO, SOO, SOW, SOOW, ST, STO, STOO, STW, STOW, STOOW, 
PPE, and W shall be permitted for use on theater stages, in garages, and elsewhere where flexible cords are permitted by this Code. [ROP 6-92] 
7 Elevator traveling cables for operating control and signal circuits shall contain nonmetallic fillers as necessary to maintain concentricity. Cables 
shall have steel supporting members as required for suspension by 620.41. In locations subject to excessive moisture or corrosive vapors or gases, 
supporting members of other materials shall be permitted. Where steel supporting members are used, they shall run straight through the center of 
the cable assembly and shall not be cabled with the copper strands of any conductor. 

In addition to conductors used for control and signaling circuits, Types E, EO, ETP, and ETT elevator cables shall be permitted to incorporate 
in the construction one or more 20 AWG telephone conductor pairs, one or more coaxial cables, or one or more optical fibers. The 20 AWG 
conductor pairs shall be permitted to be covered with suitable shielding for telephone, audio, or higher frequency communications circuits; the 
coaxial cables consist of a center conductor, insulation, and shield for use in video or other radio frequency communications circuits. The optical 
fiber shall be suitably covered with flame-retardant thermoplastic. The insulation of the conductors shall be rubber or thermoplastic of thickness not 
less than specified for the other conductors of the particular type of cable. Metallic shields shall have their own protective covering. Where used, 
these components shall be permitted to be incorporated in any layer of the cable assembly hgt shall not run straight through the center. 
s The third conductor in Type HPN shall be used as an equipment grounding conductor only. frhe insulation of the equipment grounding conductor 
for Types SPE-1, SPE-2, SPE-3, SPT-1, SPT-2, SPT-3, NISPT-1, NISPT-2, NISPE-1,^nd NISPE-2 shall be permitted to be" thermoset polymer. 
[ROP 6-13] 

9 The individual conductors of all cords, except those of heat-resistant cords, s 
equipment grounding conductor where used shall be in accordance with 400.23(B). 

[ROP 6-931 

''insulations and outer coverings that meet the requirements as flame re™pant, limited smoke, and ; 
for limited smoke after the code type designation. 

12 Elevator cables in sizes 20 AWG through 14 AWG are rated 300 volts, and sizes 10 through 2 are rated 600 volts. 12 AWG is rated 300 volts with 
a 0.76-mm (30-mil) insulation thickness and 600 volts with a 1.14-mm (45-mil) insulation thickness. 

13 Conductor size for Types EV, EVI, EVE, EVJE, EVT, and EVIT cables apply to nonpower-limited circuits only. Conductors of power-limited 
(data, signal, or communications) circuits may extend beyond the stated AWG st^^^nge. All conductors shall be insulated for the same cable 
voltage rating. 

14 Insulation thickness for Types EV, EVI, EVEIE, EVT, and EVlmcaHPs of nywn construction is indicated in parentheses. 

15 Cords that comply with the requirements for outdoor cords and d^so listed shall be permitted to be designated as weather and water resistant 
with the suffix “W” after the code type designation. Cords with the^BV” suffix are suitable for use in wet locations and are sunlight resistant. 



oset or thermoplastic insulation, except that the 


so listed, shall be permitted to be marked 


400.5 Ampacities for Flexible Con 



(A) Ampacity Tables. Table 400.5(A)(1) provides the al¬ 
lowable ampacities, and Table 400.5(7^(2)^*|vides the 
ampacities for flexible cords and cables tvdh not more than 
three current-carrying conductors. These Tables shall be 
used in conjunction with applicable endwise product stan¬ 
dards to ensure selection of the proper size and type. Where 
cords and cables are used in ambient temperatures other 
than 30°C (86°F), the temperature correction factors from 
Table 310.15(B)(2)(a) that correspond to temperature rating 
of the cord or cable shall be applied to the ampacity in 
Table 400.5(A)(1) and Table 400.5(A)(2). Cords and cables 
rated 105°C shall use correction factors in 90°C column of 
Table 310.15(B)(2)(a) for temperature correction. Where 
the number of current-carrying conductors exceeds three, 
the allowable ampacity or the ampacity of each conductor 
shall be reduced from the 3-conductor rating as shown in 
Table 400.5(A)(3). [ROP 6-93a, ROP 6-99]] 

Informational Note: See Informative Annex B. Table 
B.310.15(B)(2)(H), for adjustment factors for more than 
three current-carrying conductors in a raceway or cable 
with load diversity. 


Table 400.5(A)(3) Adjustment Factors for More Than Three 
Current-Carrying Conductors in a Flexible Cord or Cable 

Percent of Value in Table 
400.5(A)(1) and Table 
400.5(A)(2) [ROP 6-97, ROP 
Number of Conductors 6-98] 


4-6 

80 

7-9 

70 

10-20 

50 

21-30 

45 

31-40 

40 

41 and above 

35 


A neutral conductor that carries only the unbalanced current 
from other conductors of the same circuit shall not be required 
to meet the requirements of a current-carrying conductor. 

In a 3-wire circuit consisting of two phase conductors 
and the neutral conductor of a 4-wire, 3-phase, wye- 
connected system, a common conductor carries approxi¬ 
mately the same current as the line-to-neutral currents of 
the other conductors and shall be considered to be a 
current-carrying conductor. 

On a 4-wire, 3-phase, wye circuit where more than 
50 percent of the load consists of nonlinear loads, there are 
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400.6 


ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


Table 400.5(A)(1) Allowable Ampacity for Flexible Cords and Cables [Based on Ambient Temperature of 30°C (86°F). See 
400.13 and Table 400.4.] [ROP 6-95, ROP 6-85, ROP 6-94a, ROP 6-96] 


Thermoset Types C, E, EO, PD, S, SJ, SJO, 
SJOW, SJOO, SJOOW, SO, SOW, SOO, SOOW, 
SP-1, SP-2, SP-3, SRD, SV, SVO, SVOO, NISP-1, 
NISP-2 


Copper Conductor 
Size (AWG) 


Thermoplastic Types 
TPT, TST 


Thermoplastic Types ETP, ETT, SE, SEW, SEO, 
SEOO, SEOW, SEOOW, SJE, SJEW, SJEO, 
SJEOO, SJEOW, SJEOOW, SJT, SJTW, SJTO, 
SJTOW, SJTOO, SJTOOW, SPE-1, SPE-2, SPE-3, 
SPT-1, SPT-1W, SPT-2, SPT-2W, SPT-3, NISPE-1, 
NISPE-2, NISPT-1, NISPT-2, ST, STW, SRDE, 
SRDT, STO, STOW, STOO, STOOW, SYE, 
SVEO, SVEOO, SVT, SYTO, SVTOO 


Types HPD, HPN, HSJ, 
HSJO, HSJOW, 
HSJOO, HSJOOW 




“Tinsel cord. 
b Elevator cables only. 

°7 amperes for elevator cables only; 2 ampi 
'The allowable currents under Column 
3 conductors are current-carrying. 

2 The allowable currents under Coluil 
2 conductors are current-carrying. 


harmonic currents present in the neutral conductor and the 
neutral conductor shall be considered to be a current- 
carrying conductor. 

An equipment grounding conductor shall not be consid¬ 
ered a current-carrying conductor. [ROP 6-13] 

Where a single conductor is used for both equipment 
grounding and to carry unbalanced current from other con¬ 
ductors, as provided for in 250.140 for electric ranges and 
electric clothes dryers, it shall not be considered as a 
current-carrying conductor. 

(B) Ultimate Insulation Temperature. In no case shall 
conductors be associated together in such a way with re¬ 
spect to the kind of circuit, the wiring method used, or the 
number of conductors such that the limiting temperature of 
the conductors is exceeded. 


other types. 

ductor cords and other multiconductor cords connected to utilization equipment so that only 
tor cords and other multiconductor cords connected to utilization equipment so that only 


(C) Engineering Supervision. Under engineering supervi¬ 
sion, conductor ampacities shall be permitted to be calcu¬ 
lated in accordance with 310.15(C). 

400.6 Markings. 

(A) Standard Markings. Flexible cords and cables shall 
be marked by means of a printed tag attached to the coil 
reel or carton. The tag shall contain the information re¬ 
quired in 310.120(A). Types S, SC, SCE, SCT, SE, SEO, 
SEOO, SJ, SJE, SJEO, SJEOO, SJO, SJT, SJTO, SJTOO, 
SO, SOO, ST, STO, STOO, SEW, SEOW, SEOOW, SJEW, 
SJEOW, SJEOOW, SJOW, SJTW, SJTOW, SJTOOW, 
SOW, SOOW, STW, STOW, and STOOW flexible cords 
and G, G-GC, PPE, and W flexible cables shall be durably 
marked on the surface at intervals not exceeding 610 mm 
(24 in.) with the type designation, size, and number of 
conductors. Required markings on tags, cords and cables 
shall also include the maximum operating temperature of 
the flexible cord or cable. [ROP 6-100] 


70-274 


NATIONAL ELECTRICAL CODE 2014 Edition 













ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


400.7 


Table 400.5(A)(2) Ampacity of Cable Types SC, SCE, SCT, PPE, 
of 30°C (86°F). See Table 400.4.] 

G, G-GC, 

and W. [Based on Ambient Temperature 


Copper 
Conductor 
Size (AWG 
or kcmil) 




Temperature Rating of Cable 




60°C (140°F) 

75°C (167°F) 

90°C (194°F) 

D 1 

E 2 

F 3 

D 1 

E 2 

F 3 

D 1 

E 2 

F 3 

12 

_ 

31 

26 

_ 

37 

31 

_ 

42 

35 

10 

— 

44 

37 

— 

52 

43 

— 

59 

49 

8 

60 

55 

48 

70 

65 

57 

80 

74 

65 

6 

80 

72 

63 

95 

88 

77 

105 

99 

87 

4 

105 

96 

84 

125 

115 

101 

140 

130 

114 

3 

120 

113 

99 

145 

135 

118 

165 

152 

133 

2 

140 

128 

112 

170 

152 

133 

190 

174 

152 

1 

165 

150 

131 

195 

178 

15^ 

220 

202 

177 

1/0 

195 

173 

151 

230 

207 

181 

260 

234 

205 

2/0 

225 

199 

174 

265 

238 a 

208 

300 

271 

237 

3/0 

260 

230 

201 

310 

275 4 

241k 

350 

313 

274 

4/0 

300 

265 

232 

360 


277^^ 

405 

361 

316 

250 

340 

296 

259 

405 

354 

310 

455 

402 

352 

300 

375 

330 

289 

445 A 

295 A 

f 346 

505 

449 

393 

350 

420 

363 

318 

505 ^ 

\ '42%W 

381 

570 

495 

433 

400 

455 

392 

343 

545 

469 

410 

615 

535 

468 

500 

515 

448 

392 

^620 


470 

700 

613 

536 

600 

575 

— 

— 

1 690^ 

— 

k - 

780 

— 

— 

700 

630 

— 

— 

W55^ 


^ - 

855 

— 

— 

750 

655 

— 

— 

?785^ 


— 

885 

— 

— 

800 

680 

— 


t 815^ 

— 

— 

920 

— 

— 

900 

730 

— 


^ 870k 

— 

— 

985 

— 

— 

1000 

780 

— 

X , 

93'm 

— 

— 

1055 

— 

— 


'The ampacities under subheading D shall be 
conductors are not installed in racewnx£_and ail? 
passing through the wall of an en 
2 The ampacities under subhead 
two conductors are current-^ 

3 The ampacities under subhe3 
only three conductors are current 



Dnductor Types SC, SCE, SCT, PPE, and W cable only where the individual 
in physical contact with each other except in lengths not to exceed 600 mm (24 in.) where 

>r cables and other multiconductor cables connected to utilization equipment so that only 

conductor cables and other multiconductor cables connected to utilization equipment so that 


(B) Optional Markings. FlexiblSflords and cable types 


(6) Connection of utilization equipment to facilitate fre¬ 


listed in Table 400.4 shall be permitted to be surface 
marked to indicate special characteristics of the cable ma¬ 
terials. These markings include, but are not limited to, 
markings for limited smoke, sunlight resistance, and so 
forth. 


quent interchange 

(7) Prevention of the transmission of noise or vibration 

(8) Appliances where the fastening means and mechani¬ 
cal connections are specifically designed to permit 
ready removal for maintenance and repair, and the 


400.7 Uses Permitted. 

(A) Uses. Flexible cords and cables shall be used only for 
the following: 

(1) Pendants 

(2) Wiring of luminaires 

(3) Connection of portable luminaires, portable and mo¬ 
bile signs, or appliances 

(4) Elevator cables 

(5) Wiring of cranes and hoists 


appliance is intended or identified for flexible cord 
connection 

(9) Connection of accessory equipment associated with 
mechanical equipment, alarms, or antennas using a 
listed non-detachable power supply cord 1.83 m (6 ft) 
or less above an accessible suspended or dropped ceil¬ 
ing where not prohibited by 300.22. [ROP 6-103] 

(10) Connection of moving parts 

(11) Where specifically permitted elsewhere in this Code 
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400.8 


ARTICLE 400 — FLEXIBLE CORDS AND CABLES 


(B) Attachment Plugs. Where used as permitted in 
400.7(A)(3), (A)(6), and (A)(8), each flexible cord shall be 
equipped with an attachment plug and shall be energized 
from a receptacle outlet or cord connector body. 


SJTW, SJTOW, SJTOOW, SOW, SOOW, STW, STOW, or 
STOOW. 

Exception No. 1: For the wiring of chain-supported 
luminaires. 


Exception: As permitted in 368.56. 

400.8 Uses Not Permitted. Unless specifically permitted 
in 400.7, flexible cords and cables shall not be used for the 
following: 

(1) As a substitute for the fixed wiring of a structure 

(2) Where run through holes in walls, structural ceilings, 
suspended ceilings, dropped ceilings, or floors 


Exception No. 2: As supply cords for portable luminaires 
and other merchandise being displayed or exhibited. 

400.13 Overcurrent Protection. Flexible cords not 
smaller than 18 AWG, and tinsel cords or cords having 
equivalent characteristics of smaller size approved for use 
with specific appliances, shall be considered as protected 
against overcurrent in accordance with 240.5. 


(3) Where run through doorways, windows, or similar 
openings 

(4) Where attached to building surfaces 

Exception to (4): Flexible cord and cable shall be permitted 
to be attached to building surfaces in accordance with the 
provisions of 368.56(B) 

(5) Where concealed by walls, floors, or ceilings or located 
above suspended or dropped ceilings 

(6) Where installed in raceways, except as otherwise per¬ 
mitted in this Code 

(7) Where subject to physical damage 

400.9 Splices. Flexible cord shall be used only i: 
ous lengths without splice or tap where initial! 
applications permitted by 400.7(A). The 
service cord and junior hard-service cord (si 
column in Table 400.4) 14 AWG an d larg er 
mitted if conductors are splice 
110.14(B) and the completed splice retains 
outer sheath properties, and 
cord being spliced. 

400.10 Pull at Joints and Terminals. Flexible cords and 
cables shall be connected to devices and ro fittings so that 
tension is not transmitted to joints or terminals. 

Exception: Listed portable single-pole devices that are in¬ 
tended to accommodate such tension at their terminals 
shall be permitted to be used with single-conductor flexible 
cable. 

Informational Note: Some methods of preventing pull on a 
cord from being transmitted to joints or terminals are knot¬ 
ting the cord, winding with tape, and using support or strain 
relief fittings. [ROP 6-104] 

400.11 In Show Windows and Showcases. Flexible cords 
used in show windows and showcases shall be Types S, SE, 
SEO, SEOO, SJ, SJE, SJEO, SJEOO, SJO, SJOO, SJT, 
SJTO, SJTOO, SO, SOO, ST, STO, STOO, SEW, SEOW, 
SEOOW, SJEW, SJEOW, SJEOOW, SJOW, SJOOW, 


400.14 Protection 

cables shall be 
ing through ho 
sures. 

In indusfrial 


rom Damage. Flexible cords and 
I by bushings or fittings where pass- 
covers, outlet boxes, or similar enclo- 




ments where the conditions of 
ensure that only qualified per- 
installatioriYtlexible cords and cables shall 

_itted to be installed in aboveground raceways that 

no lonjrer than 15 m (50 ft) to protect the flexible cord 
or cabli” from physical damage. Where more than three 
t-carrying conductors are installed within the race- 
e allowable ampacity shall be reduced in accordance 
TabWbo.5(A)(3). 

Construction Specifications 


400.20 Labels. Flexible cords shall be examined and 
tested at the factory and labeled before shipment. 

400.21 Construction. 

(A) Conductors. The individual conductors of a flexible 
cord or cable shall have flexible stranding and shall not be 
smaller than the sizes specified in Table 400.4. 

(B) Nominal Insulation Thickness. The nominal thick¬ 
ness of insulation for conductors of flexible cords and 
cables shall not be less than specified in Table 400.4. 

400.22 Grounded-Conductor Identification. One con¬ 
ductor of flexible cords that is intended to be used as a 
grounded circuit conductor shall have a continuous marker 
that readily distinguishes it from the other conductor or 
conductors. The identification shall consist of one of the 
methods indicated in 400.22(A) through (F). 

(A) Colored Braid. A braid finished to show a white or 
gray color and the braid on the other conductor or conduc¬ 
tors finished to show a readily distinguishable solid color or 
colors. 
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400.36 


(B) Tracer in Braid. A tracer in a braid of any color con¬ 
trasting with that of the braid and no tracer in the braid of 
the other conductor or conductors. No tracer shall be used 
in the braid of any conductor of a flexible cord that contains 
a conductor having a braid finished to show white or gray. 

Exception: In the case of Types C and PD and cords 
having the braids on the individual conductors finished to 
show white or gray. In such cords, the identifying marker 
shall be permitted to consist of the solid white or gray 
finish on one conductor, provided there is a colored tracer 
in the braid of each other conductor. 

(C) Colored Insulation. A white or gray insulation on one 
conductor and insulation of a readily distinguishable color 
or colors on the other conductor or conductors for cords 
having no braids on the individual conductors. 

For jacketed cords furnished with appliances, one con¬ 
ductor having its insulation colored light blue, with the 
other conductors having their insulation of a readily distin¬ 
guishable color other than white or gray. 

Exception: Cords that have insulation on the individual 
conductors integral with the jacket. 

The insulation shall be permitted to be covered 
outer finish to provide the desired color. 

(D) Colored Separator. A white or 
conductor and a separator of a readily di 
color on the other conductor or cond 
insulation on the individual conduc 
jacket. 


(E) Tinned Conductors. Unc cond 
vidual strands tinned and the other cond 
having the individual strands untinned fq 
sulation on the individual conductors 
jacket. 


having the indi- 
tr or conductors 
bords having in¬ 
tegral with the 


(F) Surface Marking. One or more ridges, grooves, or 
white stripes located on the exterior of the cord so as to 
identify one conductor for cords having insulation on the 
individual conductors integral with the jacket. 


400.30 

portah 



(A) Colored Braid. A braid finished to show a continuous 
green color or a continuous green color with one or more 
yellow stripes. 

(B) Colored Insulation or Covering. For cords having no 
braids on the individual conductors, an insulation of a con¬ 
tinuous green color or a continuous green color with one or 
more yellow stripes. 

400.24 Attachment Plugs. Where a flexible cord is pro¬ 
vided with an equipment grounding conductor and 
equipped with an attachment plug, the attachment plug 
shall comply with 250.138(A) and (B). 


III. Portable/Cables Over 600 Volts, Nominal 


, Part III applies to single and multiconductor 
to connect mobile equipment and ma- 

106] 


onductors. The conductors shall be 12 AWG copper 
;er and shall employ flexible stranding. 


pment Grounding Conductor(s). An equipment 
ing conductor(s) shall be provided in cables with 
three or more conductors. The total area shall not be less 
than that of the size of the equipment grounding conductor 
required in 250.122. [ROP 6-106a] 

400.32 Shielding. All shields shall be connected to an 
equipment grounding conductor. 

400.33 Equipment Grounding Conductors. Equipment 
grounding conductors shall be connected in accordance 
with Parts VI and VII of Article 250. 

400.34 Minimum Bending Radii. The minimum bending 
radii for portable cables during installation and handling in 
service shall be adequate to prevent damage to the cable. 


400.23 Equipment Grounding Conductor Identifica¬ 
tion. A conductor intended to be used as an equipment 
grounding conductor shall have a continuous identifying 
marker readily distinguishing it from the other conductor or 
conductors. Conductors having a continuous green color or 
a continuous green color with one or more yellow stripes 
shall not be used for other than equipment grounding con¬ 
ductors. Cords or cables consisting of integral insulation 
and jacket without a nonintegral grounding conductor may 
be green. The identifying marker shall consist of one of the 
methods in 400.23(A) or (B). [ROP 6-105] 


400.35 Fittings. Connectors used to connect lengths of 
cable in a run shall be of a type that locks firmly together. 
Provisions shall be made to prevent opening or closing 
these connectors while energized. Suitable means shall be 
used to eliminate tension at connectors and terminations. 

400.36 Splices and Terminations. Portable cables shall 
not contain splices unless the splices are of the permanent 
molded, vulcanized types in accordance with 110.14(B). 
Terminations on portable cables rated over 600 volts, nomi¬ 
nal, shall be accessible only to authorized and qualified 
personnel. 
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ARTICLE 402 — FIXTURE WIRES 


ARTICLE 402 
Fixture Wires 


402.1 Scope. This article covers general requirements and 
construction specifications for fixture wires. 

402.2 Other Articles. Fixture wires shall comply with this 
article and also with the applicable provisions of other ar¬ 
ticles of this Code. 

Informational Note: For application in luminaires, see Ar¬ 
ticle 410. 


402.3 Types. Fixture wires shall be of a type listed in Table 
402.3, and they shall comply with all requirements of that 
table. The fixture wires listed in Table 402.3 are all suitable 
for service at 600 volts, nominal, unless otherwise speci¬ 
fied. 

Informational Note: Thermoplastic insulation may stiffen 
at temperatures colder than -10°C (+14°F), requiring that 
care be exercised during installation at such temperatures. 
Thermoplastic insulation may also be deformed at normal 
temperatures where subjected to pressure, requiring that 
care be exercised during installation and at points of 
support. 


Table 402.3 Fixture Wires 






Thickness of 








Insulation 










Outer 

Maximum 



Type 




A 

Operating 

Temperature 

Application 

Name 

Letter 

Insulation 

AWG 

mm 

n w 

Covering 

Provisions 

Heat-resistant 

FFH-2 

Heat-resistant 

18-16 

0.76 


NcdKietallic 

Covering 

75°C 

Fixture wiring 

rubber- 


rubber 



167°F 


covered 
fixture wire — 


Cross-linked 

18-16 

0.76 

30 




synthetic 


stranding 


polymer 


V 


► 



ECTFE— 

HF 

Ethylene 


^0.38 1 

f 15 

None 

150°C 

Fixture wiring 

solid or 7- 


chlorotri- 


■ 



302°F 


strand 


fluoroethylene 



\ 




ECTFE — 

HFF 

Ethylene 


~ 0.38^ 

t 

15 

None 

150°C 

Fixture wiring 

flexible 


chloroUiflu- 





302°F 


stranding 


oroethyfene 


k 





Tape insulated 

KF-1 

Aromatic 

18-10 

0.14 

5.5 

None 

200°C 

Fixture wiring 

fixture wire 


o 

% 

1 

CD 

1 




392°F 

— limited to 

— solid or 


tape 

Jr 





300 volts 

7-strand 

KF-2 

Aromati^^k A 

^18-10 

0.21 

8.4 

None 

200°C 

Fixture wiring 



polyimide 

tape 





392°F 


Tape insulated 

KFF-1 

Aromatic 

18-10 

0.14 

5.5 

None 

200°C 

Fixture wiring 

fixture wire 


polyimide 





392°F 

— limited to 

— flexible 


tape 






300 volts 

stranding 

KFF-2 

Aromatic 

18-10 

0.21 

8.4 

None 

200°C 

Fixture wiring 



polyimide 

tape 





392°F 


Perfluoro- 

PAF 

Perfluoro- 

18-14 

0.51 

20 

None 

250°C 

Fixture wiring 

alkoxy— 


alkoxy 





482°F 

(nickel or 

solid or 7- 








nickel-coated 

strand 
(nickel or 
nickel-coated 
copper) 








copper) 
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402.3 


Table 402.3 Continued 


Name 

Type 

Letter 

Insulation 

AWG 

Thickness of 
Insulation 

Outer 

Covering 

Maximum 

Operating 

Temperature 

Application 

Provisions 

mm 

mils 

Perfluoro-alkoxy 
— flexible 
stranding 

PAFF 

Perfluoro- 

alkoxy 

18-14 

0.51 

20 

None 

150°C 

302°F 

Fixture wiring 

Fluorinated 
ethylene 
propylene 
fixture wire 
— solid or 

7-strand 

PF 

Fluorinated 

ethylene 

propylene 

18-14 

0.51 

20 

None 

✓ 

200°C 

392°F 

Fixture wiring 

Fluorinated 
ethylene 
propylene 
fixture wire 
— flexible 
stranding 

PFF 

Fluorinated 

ethylene 

propylene 

18-14 

0.51 

V 

\y 

\ 

150°C 

302°F 

Fixture wiring 

Fluorinated 
ethylene 
propylene 
fixture wire 
— solid or 

7-strand 

PGF 

Fluorinated 

ethylene 

propylene 

> 

18-14 

J 

0.36 

“ 

Glass braid 

200°C 

392°F 

Fixture wiring 

Fluorinated 
ethylene 
propylene 
fixture wire 
— flexible 
stranding 

PGFF 

J 

Fluorinated 

ethylene 

propylen^^^^ 

'V 

/m 


14 

Glass braid 

150°C 

302°F 

Fixture wiring 

Extruded 
polytetraflu- 
oroethylene 
— solid or 

7-strand 
(nickel or 
nickel-coated 
copper) 

PTF 

Jixtruded 
polyletrallu- / 
oroetln lent* 

18-14 

0.51 

20 

None 

250°C 

482°F 

Fixture wiring 
(nickel or 
nickel-coated 
copper) 

Extruded 
polytetraflu- 
oroethylene 
— flexible 
stranding 

26-36 (AWG 
silver or 
nickel- 

coated copper) 

PTFF 

Extruded 

polytetraflu- 

oroethylene 

18-14 

0.51 

20 

None 

150°C 

302°F 

Fixture wiring 
(silver or 
nickel-coated 
copper) 
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Table 402.3 Continued 






Thickness of 








Insulation 











Maximum 



Type 





Outer 

Operating 

Application 

Name 

Letter 

Insulation 

AWG 

mm 

mils 

Covering 

Temperature 

Provisions 

Heat-resistant 

RFH-1 

Heat-resistant 

18 

0.38 

15 

Nonmetallic 

75°C 

Fixture wiring 

rubber- 
covered 
fixture wire 


rubber 




covering 

167°F 

— limited to 

300 volts 

RFH-2 

Heat-resistant 

18-16 

0.76 

30 

None or non- 

75°C 

Fixture wiring 

— solid or 

7-strand 


rubber 




metallic 

167°F 




Cross-linked 




covering 





synthetic 

polymer 







Heat-resistant 

RFHH-2* 

Cross-linked 

18-16 

0.76 

30 

None or non- 

90°C 

Fixture wiring 

cross-linked 


synthetic 




metallic 

194°F 

— 

synthetic 

polymer-insu¬ 

lated 

fixture wire 
— solid or 7- 
strand 

RFHH-3* 

polymer 

18-16 

1.14 


covering 

► ^ 

k 


Silicone 

SF-1 

Silicone 

18 

0J8 

15 

Nonmetallic 

200°C 

Fixture wiring 

insulated 


rubber 




covering 

392°F 

— limited to 

fixture wire 
— solid or 

7-strand 




\ 


► 


300 volts 

SF-2 

Silicone 

18-12 

k 0.761 

30 

Nonmetallic 

200°C 

Fixture wiring 



rubber 

A ” 

I 1 - 141 


covering 

392°F 


Silicone 

insulated 

SFF-1 

Silicone 

rubber 

\J 

0.38 

J 15 

Nonmetallic 

covering 

150°C 

302°F 

Fixture wiring 
— limited to 

fixture wire 








300 volts 

— flexible 
stranding 









SFF-2 

SJjcoile 


k 0.76 

30 

Nonmetallic 

150°C 

Fixture wiring 



rubber 

Tio 

1.14 

45 

covering 

302°F 


Thermoplastic 

TF* 

Thermoplastic 

Mh 16 

0.76 

30 

None 

60°C 

Fixture wiring 

covered 
fixture wire 
— solid or 

7-strand 



f 




140°F 


Thermoplastic 

yff* 

Thermoplastic 

18-16 

0.76 

30 

None 

60°C 

Fixture wiring 

covered 
fixture wire 
— flexible 
stranding 







140°F 


Heat-resistant 

TFN* 

Thermoplastic 

18-16 

0.38 

15 

Nylon-jacket- 

90°C 

Fixture wiring 

thermo- 






ed or 

194°F 


plastic 
covered 
fixture wire 
— solid or 

7-strand 






equivalent 
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Table 402.3 Continued 


Name 

Type 

Letter 

Insulation 

AWG 

Thickness of 
Insulation 

Outer 

Covering 

Maximum 

Operating 

Temperature 

Application 

Provisions 

mm 

mils 

Heat-resistant 
thermo¬ 
plastic 
covered 
fixture wire 
— flexible 
stranded 

TFFN* 

Thermoplastic 

18-16 

0.38 

15 

Nylon-jacket- 
ed or 
equivalent 

90°C 

194°F 

Fixture wiring 

Cross-linked 
polyolefin 
insulated 
fixture wire 
— solid or 

7-strand 

XF* 

Cross-linked 

polyolefin 

18-14 

12-10 

0.76 

1.14 

30 

45 

/ 

Nojbs, 

\ 

150°C 

302°F 

Fixture wiring 
— limited to 

300 volts 

Cross-linked 
polyolefin 
insulated 
fixture wire 
— flexible 
stranded 

XFF* 

Cross-linked 

polyolefin 

18-14 

12-10 

\ 

0.76/ 

1.14B 

$ 

None 

150°C 

302°F 

Fixture wiring 
— limited to 

300 volts 

Modified ETFE 
— solid or 

7- strand 

ZF 

Modified 

ethylene 

tetrafluoro- 

ethylene 

18-14 

|38 


None 

150°C 

302°F 

Fixture wiring 

Flexible 

stranding 

ZFF 

V 

Modified 

0ML 

ethylene 

V 

^38 

15 

None 

150°C 

302°F 

Fixture wiring 

High temp, 
modified 
ETFE— 
solid or 7- 
strand 

ZHF 

^lodified 

ethylene 

tetrailuoro- 

ethylene 

18-14 

0.38 

15 

None 

200°C 

392°F 

Fixture wiring 


“■“Insulations and outer coverings that meet the requirements of flame retardant, limited smoke, and are so listed shall be permitted to be marked for 
limited smoke after the Code type designation. 


402.5 Allowable Ampacities for Fixture Wires. The al¬ 
lowable ampacity of fixture wire shall be as specified in 
Table 402.5. 

No conductor shall be used under such conditions that 
its operating temperature exceeds the temperature specified 
in Table 402.3 for the type of insulation involved. 

Informational Note: See 310.15(A)(3) for temperature 
limitation of conductors. 


Table 402.5 Allowable Ampacity for Fixture Wires 


Size (AWG) 

Allowable Ampacity 

18 

6 

16 

8 

14 

17 

12 

23 

10 

28 


402.6 Minimum Size. Fixture wires shall not be smaller 402.7 Number of Conductors in Conduit or Tubing. The 

than 18 AWG. number of fixture wires permitted in a single conduit or 
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tubing shall not exceed the percentage fill specified in Table 
1, Chapter 9. 

402.8 Grounded Conductor Identification. Fixture wires 
that are intended to be used as grounded conductors shall 
be identified by one or more continuous white stripes on 
other than green insulation or by the means described in 
400.22(A) through (E). 

402.9 Marking. 

(A) Method of Marking. Thermoplastic insulated fixture 
wire shall be durably marked on the surface at intervals not 
exceeding 610 mm (24 in.). All other fixture wire shall be 
marked by means of a printed tag attached to the coil, reel, 
or carton. 

(B) Optional Marking. Fixture wire types listed in Table 
402.3 shall be permitted to be surface marked to indicate 
special characteristics of the cable materials. These mark¬ 
ings include, but are not limited to, markings for limited 
smoke, sunlight resistance, and so forth. 

402.10 Uses Permitted. Fixture wires shall be permitted 
(1) for installation in luminaires and in similar equipmen 
where enclosed or protected and not subject to bending or 
twisting in use, or (2) for connecting luminaires to the 
branch-circuit conductors supplying the luminairi 


402.11 Uses Not Permitted. Fixture win 
used as branch-circuit conductors except as 
where in this Code. 

402.12 Overcurrent Protectioj 

for fixture wires shall be as s 


ARTICLE 404 
Switches 


I. Installation 

404.1 Scope. The provisions of this article apply to all 
switches, switching devices, and circuit breakers used as 
switches, operating at 1000 volts and below, unless specifi¬ 
cally referenced elsewhere in this Code for higher voltages. 

[ROP 9-74] 

404.2 Switch Connections. 

(A) Three-Way and Four-Way Switches. Three-way and 
four-way switches shall be wired so that all switching is 
done only in the ungrounded circuit conductor. Where in 


metal raceways or metal-armored cables, wiring between 
switches and outlets shall be in accordance with 300.20(A). 

Exception: Switch loops shall not require a grounded 
conductor. 

(B) Grounded Conductors. Switches or circuit breakers 
shall not disconnect the grounded conductor of a circuit. 

Exception: A switch or circuit breaker shall be permitted 
to disconnect a grounded circuit conductor where all cir¬ 
cuit conductors are disconnected simultaneously, or where 
the device is arranged so that the grounded conductor can¬ 
not be disconnected until all the ungrounded conductors of 
the circuit have been disconnected. 

(C) Switches Controlling Lighting Loads. Where 
switches control lighting loads supplied by a grounded gen¬ 
eral purpose branclrcircuit, the grounded circuit conductor 
for the controlled lighting circuit shall be provided at the 
switch locatf 

Exception ' lo. 1: The grounded circuit conductor shall be 
permitted o Im omitted from the switch enclosure where 
either of tl e following conditions in (1) or (2) apply: 




's for switches controlling lighting loads en- 
hrough a raceway. The raceway shall have 
cross-sectional area to accommodate the ex¬ 
tension of the grounded circuit conductor of the light¬ 
ing circuit to the switch location whether or not the 
conductors in the raceway are required to be increased 
in size to comply with 310.15(B))(3)(a). 

(2) Cable assemblies for switches controlling lighting 
loads enter the box through a framing cavity that is 
open at the top or bottom on the same floor level, or 
through a wall, floor, or ceiling that is unfinished on 
one side. 

Exception No. 2: The grounded circuit conductor shall not 
be required to be provided at switch locations where snap 
switches with integral enclosures complying with 300.15(E) 
control the lighting loads. [ROP 9-87] 

Exception No. 3: Where multiple switch locations control 
the same lighting load in an interior room or space, a 
grounded circuit conductor of the lighting circuit shall not 
be required at each such location if one has been provided 
at one or more switching points that is (are) visible from 
most areas within the room including all principal entry 
points. Where a switch controls a receptacle load or a 
lighting load that does not serve a habitable room or bath¬ 
room, or where automatic control of lighting has been pro¬ 
vided or the switch is not within the lit area, a grounded 
circuit conductor shall not be required. [ROP 9-89] 

Informational Note: The provision for a (future) grounded 
conductor is to complete a circuit path for electronic light¬ 
ing control devices. 
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404.3 Enclosure. 

(A) General. Switches and circuit breakers shall be of the 
externally operable type mounted in an enclosure listed for 
the intended use. The minimum wire-bending space at ter¬ 
minals and minimum gutter space provided in switch en¬ 
closures shall be as required in 312.6. 

Exception No. 1: Pendant- and surface-type snap switches 
and knife switches mounted on an open-face switchboard 
or panelboard shall be permitted without enclosures. 

Exception No. 2: Switches and circuit breakers installed 
in accordance with 110.28(A)(1), (A)(2), (A)(3), or (A)(4) 
shall be permitted without enclosures. 

(B) Used as a Raceway. Enclosures shall not be used as 
junction boxes, auxiliary gutters, or raceways for conduc¬ 
tors feeding through or tapping off to other switches or 
overcurrent devices, unless the enclosure complies with 
312.8. 

404.4 Damp or Wet Locations. 

(A) Surface-Mounted Switch or Circuit Breaker. A 

surface-mounted switch or circuit breaker shall be enclosed 
in a weatherproof enclosure or cabinet that shall 
with 312.2. 


(B) Flush-Mounted Switch or Circuit Breaker. A flu 

mounted switch or circuit breaker shall be equipped 
weatherproof cover. 

(C) Switches in Tub or Shower Sp 

not be installed within tubs ..or show 
stalled as part of a listed 




(B) Double-Throw Knife Switches. Double-throw knife 
switches shall be permitted to be mounted so that the throw 
is either vertical or horizontal. Where the throw is vertical, 
integral mechanical means shall be provided to hold the 
blades in the open position when so set. 

(C) Connection of Switches. Single-throw knife switches 
and switches with butt contacts shall be connected such that 
their blades are de-energized when the switch is in the open 
position. Bolted pressure contact switches shall have barri¬ 
ers that prevent inadvertent contact with energized blades. 
Single-throw knife switches, bolted pressure contact 
switches, molded case switches, switches with butt con¬ 
tacts, and circuit breakers used as switches shall be con¬ 
nected so that the terminals supplying the load are de¬ 
energized when the switch is in the open position. 

Exception: (The blades and terminals supplying the load of 
a switclrshaffite permitted to be energized when the switch 
is a it the open position where the switch is connected to 
vuits or equipment inherently capable of providing a 
ource of pmver. For such installations, a perma- 
shall be installed on the switch enclosure or im- 
adjacent to open switches with the following 
equivalent: WARNING — LOAD SIDE TERMI- 
Y BE ENERGIZED BY BACKFEED. The warn- 
n or label shall comply with 110.21(B). [ROP 9-94] 


404.5 Time Switches, Flashers, and Similar Devices. 

Time switches, flashers, and'Sftnflar devices shall be of the 
enclosed type or shall be mounted in cabinets or boxes or 
equipment enclosures. Energized parts shall be barriered to 
prevent operator exposure when making manual adjust¬ 
ments or switching. 

Exception: Devices mounted so they are accessible only to 
qualified persons shall be permitted without barriers, pro¬ 
vided they are located within an enclosure such that any 
energized parts within 152 mm (6.0 in.) of the manual ad¬ 
justment or switch are covered by suitable barriers. 


404.7 Indicating. General-use and motor-circuit switches, 
circuit breakers, and molded case switches, where mounted 
in an enclosure as described in 404.3, shall clearly indicate 
whether they are in the open (off) or closed (on) position. 

Where these switch or circuit breaker handles are oper¬ 
ated vertically rather than rotationally or horizontally, the 
up position of the handle shall be the closed (on) position. 
[ROP 9-96] 

Exception No. 1: Vertically operated double-throw 
switches shall be permitted to be in the closed (on) position 
with the handle in either the up or down position. 

Exception No. 2: On busway installations, tap switches 
employing a center-pivoting handle shall be permitted to be 
open or closed with either end of the handle in the up or 
down position. The switch position shall be clearly indicat¬ 
ing and shall be visible from the floor or from the usual 
point of operation. 


404.6 Position and Connection of Switches. 

(A) Single-Throw Knife Switches. Single-throw knife 
switches shall be placed so that gravity will not tend to 
close them. Single-throw knife switches, approved for use 
in the inverted position, shall be provided with an integral 
mechanical means that ensures that the blades remain in the 
open position when so set. 


404.8 Accessibility and Grouping. 

(A) Location. All switches and circuit breakers used as 
switches shall be located so that they may be operated from 
a readily accessible place. They shall be installed such that 
the center of the grip of the operating handle of the switch 
or circuit breaker, when in its highest position, is not more 
than 2.0 m (6 ft 7 in.) above the floor or working platform. 
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Exception No. 1: On busway installations, fused switches 
and circuit breakers shall be permitted to be located at the 
same level as the busway. Suitable means shall be provided 
to operate the handle of the device from the floor. 

Exception No. 2: Switches and circuit breakers installed 
adjacent to motors, appliances, or other equipment that 
they supply shall be permitted to be located higher than 2.0 
m (6 ft 7 in.) and to be accessible by portable means. 

Exception No. 3: Hookstick operable isolating switches 
shall be permitted at greater heights. 


include or provide an equipment grounding conductor, a 
snap switch without a connection to an equipment ground¬ 
ing conductor shall be permitted for replacement purposes 
only. A snap switch wired under the provisions of this ex¬ 
ception and located within 2.5 m (8 ft) vertically, or 1.5 m 
(5 ft) horizontally, of ground or exposed grounded metal 
objects shall be provided with a faceplate of nonconducting 
noncombustible material with nonmetallic attachment 
screws, unless the switch mounting strap or yoke is nonme¬ 
tallic or the circuit is protected by a ground-fault circuit 
interrupter. 


(B) Voltage Between Adjacent Devices. A snap switch 
shall not be grouped or ganged in enclosures with other 
snap switches, receptacles, or similar devices, unless they 
are arranged so that the voltage between adjacent devices 
does not exceed 300 volts, or unless they are installed in 
enclosures equipped with identified, securely installed bar¬ 
riers between adjacent devices. 

(C) Multipole Snap Switches. A multipole, general-use 
snap switch shall not be permitted to be fed from more than 
a single circuit unless it is listed and marked as a two- 
circuit or three-circuit switch, or unless its voltage rating is 
not less than the nominal line-to-line voltage of the system 
supplying the circuits. 

Informational Note: See 210.7 for disconnect require¬ 
ments where more than one circuit supplies a switch 

404.9 Provisions for General-Use Snap S 

(A) Faceplates. Faceplates provided for 
mounted in boxes and other enclosu res_.sha ll 
as to completely cover the openini 
flush mounted, seat against the finished surfa5 

(B) Grounding. Snap switches™ including dimmer and 
similar control switches, shall be connected to an equip¬ 
ment grounding conductor and shall provide a means to 
connect metal faceplates to the equipment/grounding con¬ 
ductor, whether or not a metal faceplate is installed. Snap 
switches shall be considered to be part of an effective 
ground-fault current path if either of the following condi¬ 
tions is met: 

(1) The switch is mounted with metal screws to a metal 
box or metal cover that is connected to an equipment 
grounding conductor or to a nonmetallic box with inte¬ 
gral means for connecting to an equipment grounding 
conductor. 

(2) An equipment grounding conductor or equipment 
bonding jumper is connected to an equipment ground¬ 
ing termination of the snap switch. 

Exception No. 1 to (B): Where no means exists within the 
snap-switch enclosure for connecting to the equipment 
grounding conductor, or where the wiring method does not 



Exception No. 2 to (B): Listed kits or listed assemblies shall 
not be required to be connected to an equipment grounding 
conductor if all of the following conditions are met: 


(1) The device As provided with a nonmetallic faceplate 
that cannot v^nstalled on any other type of device, 

(2) The deywe doe^mt have mounting means to accept 
r configurations^kfaceplates, 

(3i The devic^us equippet^with a nonmetallic yoke, and 
(4yAfjiLpqrtfy'of the device that are accessible after instal- 
the faceplate are manufactured of nonmetallic 

mate)' 

to (B): A snap switch with integral nonme- 
re complying with 300.15(E) shall be permit¬ 
ted without a connection to an equipment grounding 
nductor. 

) Construction. Metal faceplates shall be of ferrous 
metal not less than 0.76 mm (0.030 in.) in thickness or of 
nonferrous metal not less than 1.02 mm (0.040 in.) in thick¬ 
ness. Faceplates of insulating material shall be noncombus¬ 
tible and not less than 2.54 mm (0.100 in.) in thickness, but 
they shall be permitted to be less than 2.54 mm (0.100 in.) 
in thickness if formed or reinforced to provide adequate 
mechanical strength. 

404.10 Mounting of Snap Switches. 

(A) Surface Type. Snap switches used with open wiring 
on insulators shall be mounted on insulating material that 
separates the conductors at least 13 mm (V 2 in.) from the 
surface wired over. 

(B) Box Mounted. Flush-type snap switches mounted in 
boxes that are set back of the finished surface as permitted 
in 314.20 shall be installed so that the extension plaster ears 
are seated against the surface. Flush-type snap switches 
mounted in boxes that are flush with the finished surface or 
project from it shall be installed so that the mounting yoke 
or strap of the switch is seated against the box. Screws used 
for the purpose of attaching a snap switch to a box shall be 
either machine screws matching the thread gage or size that 
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404.14 


is integral to the box or in accordance with the manufactur¬ 
er’s instructions. [ROP 9-98] 

404.11 Circuit Breakers as Switches. A hand-operable 
circuit breaker equipped with a lever or handle, or a power- 
operated circuit breaker capable of being opened by hand in 
the event of a power failure, shall be permitted to serve as 
a switch if it has the required number of poles. 

Informational Note: See the provisions contained in 

240.81 and 240.83. 

404.12 Grounding of Enclosures. Metal enclosures for 
switches or circuit breakers shall be connected to an equip¬ 
ment grounding conductor as specified in Part IV of Article 
250. Metal enclosures for switches or circuit breakers used 
as service equipment shall comply with the provisions of 
Part V of Article 250. Where nonmetallic enclosures are 
used with metal raceways or metal-armored cables, provi¬ 
sion shall be made for connecting the equipment grounding 
conductor(s). 

Except as covered in 404.9(B), Exception No. 1, non¬ 
metallic boxes for switches shall be installed with a wiring 
method that provides or includes an equipment grounding 
conductor. 


404.13 Knife Switches. 

(A) Isolating Switches. Knife switches 
amperes at 250 volts or less, and at o 
251 to 1000 volts, shall be used onl 
and shall not be opened under load. 

(B) To Interrupt Currei 

1200 amperes at 250 vi 
amperes at 251 to 600 vblts 
switch of special design lr 
used. 



upt currents over 
ess, or over 600 
uit breaker or a 
urpose shall be 


(C) General-Use Switches. Knife switches of ratings less 
than specified in 404.13(A) and (B) shall be considered 
general-use switches. 

Informational Note: See the definition of General-Use 
Switch in Article 100. 

(D) Motor-Circuit Switches. Motor-circuit switches shall 
be permitted to be of the knife-switch type. 

Informational Note: See the definition of a Motor-Circuit 
Switch in Article 100. 

404.14 Rating and Use of Snap Switches. Snap switches 
shall be used within their ratings and as indicated in 
404.14(A) through (F). 

Informational Note No. 1: For switches on signs and out¬ 
line lighting, see 600.6. 


Informational Note No. 2: For switches controlling mo¬ 
tors, see 430.83, 430.109, and 430.110. 

(A) Alternating-Current General-Use Snap Switch. A 

form of general-use snap switch suitable only for use on ac 
circuits for controlling the following: 

(1) Resistive and inductive loads not exceeding the ampere 
rating of the switch at the voltage applied [ROP 9-100] 

(2) Tungsten-filament lamp loads not exceeding the am¬ 
pere rating of the switch at 120 volts 

(3) Motor loads not exceeding 80 percent of the ampere 
rating of the switch at its rated voltage 

(B) Alternating-Current or Direct-Current General- 
Use Snap Switch. A form of general-use snap switch suit¬ 
able for use on either ac or dc circuits for controlling the 
following 


(1) R< 




ads not exceeding the ampere rating of the 
oltage applied. 

nductive loaSl not exceeding 50 percent of the ampere 
of the switch at the applied voltage. Switches 
in horsepower are suitable for controlling motor 
ads within their rating at the voltage applied, 
gsten-filament lamp loads not exceeding the am- 
rating of the switch at the applied voltage if 
ated. 


(C) CO/AUR Snap Switches. Snap switches rated 20 am¬ 
peres or less directly connected to aluminum conductors 
shall be listed and marked CO/ALR. 

(D) Alternating-Current Specific-Use Snap Switches 
Rated for 347 Volts. Snap switches rated 347 volts ac shall 
be listed and shall be used only for controlling the loads 
permitted by (D)(1) and (D)(2). 

(1) Noninductive Uoads. Noninductive loads other than 
tungsten-filament lamps not exceeding the ampere and volt¬ 
age ratings of the switch. 

(2) Inductive Uoads. Inductive loads not exceeding the 
ampere and voltage ratings of the switch. Where particular 
load characteristics or limitations are specified as a condi¬ 
tion of the listing, those restrictions shall be observed re¬ 
gardless of the ampere rating of the load. 

The ampere rating of the switch shall not be less than 
15 amperes at a voltage rating of 347 volts ac. Flush-type 
snap switches rated 347 volts ac shall not be readily inter¬ 
changeable in box mounting with switches identified in 
404.14(A) and (B). 

(E) Dimmer Switches. General-use dimmer switches shall 
be used only to control permanently installed incandescent 
luminaires unless listed for the control of other loads and 
installed accordingly. 
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(F) Cord-and-Plug-Connected Loads. Where a snap 
switch is used to control cord-and-plug-connected equip¬ 
ment on a general-purpose branch circuit, each snap switch 
controlling receptacle outlets or cord connectors that are 
supplied by permanently connected cord pendants shall be 
rated at not less than the rating of the maximum permitted 
ampere rating or setting of the overcurrent device protect¬ 
ing the receptacles or cord connectors, as provided in 
210.21(B). 

Informational Note: See 210.50(A) and 400.7(A)(1) for 
equivalency to a receptacle outlet of a cord connector that 
is supplied by a permanently connected cord pendant. 

Exception: Where a snap switch is used to control not 
more than one receptacle on a branch circuit, the switch 
shall be permitted to be rated at not less than the rating of 
the receptacle. 

II. Construction Specifications 

404.15 Marking. 

(A) Ratings. Switches shall be marked with the current, 
voltage, and, if horsepower rated, the maximum rating for 
which they are designed. 

(B) Off Indication. Where in the off position, a switching 
device with a marked OFF position shall completely 4js 
connect all ungrounded conductors to the load ircontn 

404.16 Knife Switches Rated 600 to 1000 v 

iary contacts of a renewable or quick-break ; 

equivalent shall be provided on all knife switch ) 

to 1000 volts and designed for use in breaking r 

200 amperes. [ROP 9-103] 


404.17 Fused Switches. A fused s 
fuses in parallel except as permitted in 


1 not have 


404.18 Wire-Bending Space. The wire-bending space re¬ 
quired by 404.3 shall meet Table 312.6(B) spacings to the 
enclosure wall opposite the line and load terminals. 


ARTICLE 406 

Receptacles, Cord Connectors, and 
Attachment Plugs (Caps) 


406.1 Scope. This article covers the rating, type, and in¬ 
stallation of receptacles, cord connectors, and attachment 
plugs (cord caps). 


406.2 Definition. 

Child Care Facility. A building or structure, or portion 
thereof, for educational, supervisory, or personal care ser¬ 
vices for more than four children 7 years old or less. 

406.3 Receptacle Rating and Type. 

(A) Receptacles. Receptacles shall be listed and marked 
with the manufacturer’s name or identification and voltage 
and ampere ratings. 

(B) Rating. Receptacles and cord connectors shall be rated 
not less than 15 amperes, 125 volts, or 15 amperes, 250 
volts, and shall be of a type not suitable for use as lam¬ 
pholders. 


Informational N 
where installei 


See 210.21(B) for receptacle ratings 
branch circuits. 



(C) Receptacles for Aluminum Conductors. Receptacles 
rated 2(Vamperes or less and designed for the direct con- 
nection of aluminum conductors shall be marked CO/ALR. 

(D) Isolated Ground Receptacles. Receptacles incorpo- 
rating x an isolated grounding conductor connection intended 

the reduction of electrical noise (electromagnetic inter- 
as pfjfmitted in 250.146(D) shall be identified by 
angle located on the face of the receptacle. 




Isolated Equipment Grounding Conductor Re- 

Receptacles so identified shall be used only with 
ipment grounding conductors that are isolated in accor- 
ance with 250.146(D). 

(2) Installation in Nonmetallic Boxes. Isolated ground re¬ 
ceptacles installed in nonmetallic boxes shall be covered 
with a nonmetallic faceplate. 

Exception: Where an isolated ground receptacle is in¬ 
stalled in a nonmetallic box, a metal faceplate shall be 
permitted if the box contains a feature or accessory that 
permits the effective grounding of the faceplate. 

(E) Controlled Receptacle Marking. All nonlocking- 
type, 125-volt, 15- and 20-ampere receptacles that are con¬ 
trolled by an automatic control device or incorporate con¬ 
trol features that remove power from the outlet for the 
purpose of energy management or building automation 
shall be marked with the symbol shown below placed on 
the controlled receptacle outlet where visible after installa¬ 
tion. [ROP 18-15] 



Figure 406.3(E) 
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Exception: The marking is not required for receptacles 
controlled by a wall switch as permitted by 210.70 to pro¬ 
vide the required room lighting outlets. [ROP 18-15] 


(2) Non-Grounding-Type Receptacles. Where attach¬ 
ment to an equipment grounding conductor does not exist 
in the receptacle enclosure, the installation shall comply 
with (D)(2)(a), (D)(2)(b), or (D)(2)(c). 


406.4 General Installation Requirements. Receptacle 
outlets shall be located in branch circuits in accordance 
with Part III of Article 210. General installation require¬ 
ments shall be in accordance with 406.4(A) through (F). 

(A) Grounding Type. Except as provided in 406.4(D), re¬ 
ceptacles installed on 15- and 20-ampere branch circuits 
shall be of the grounding type. Grounding-type receptacles 
shall be installed only on circuits of the voltage class and 
current for which they are rated, except as provided in 
Table 210.21(B)(2) and Table 210.21(B)(3). [ROP 18-17] 

(B) To Be Grounded. Receptacles and cord connectors 
that have equipment grounding conductor contacts shall 
have those contacts connected to an equipment grounding 
conductor. 

Exception No. 1: Receptacles mounted on portable and 
vehicle-mounted generators in accordance with 250.34. 

Exception No. 2: Replacement receptacles as permitted by 
406.4(D). 

(C) Methods of Grounding. The equipment groui 
conductor contacts of receptacles and cord connectors si 
be grounded by connection to the equipment grounding 
conductor of the circuit supplying th^Rceptacle' or corl 
connector. 

Informational Note: For inst; 
reduction of electrical nois' 


The branch-circuit wiring method s 
vide an equipment grounding conductor 6 
ment grounding conductor contacts q, 
cord connector are connected. 




or pro- 
hich the equip- 
e receptacle or 


(a) A non-grounding-type receptacle(s) shall be per¬ 
mitted to be replaced with another non-grounding-type re¬ 
ceptacle^). 

(b) A non-grounding-type receptacle(s) shall be per¬ 
mitted to be replaced with a ground-fault circuit interrupter- 
type of receptacle(s). These receptacles shall be marked 
“No Equipment Ground.” An equipment grounding con¬ 
ductor shall not be connected from the ground-fault circuit- 
interrupter-type receptacle to any outlet supplied from the 
ground-fault circuit-interrupter receptacle. 

(c) A noijr*grounding-type receptacle(s) shall be per¬ 
mitted to be replaced with a grounding-type receptacle(s) 
where supplied through a ground-fault circuit interrupter. 
Grounding-type receptacles supplied through the ground- 
favj!t>circuit interrupter shall be marked “GFCI Protected” 

“No Equipment Ground.” An equipment grounding 
conductor shall not oe connected between the grounding- 
/pc'receptacles. 

round-Fault Circuit-Interrupters. Ground-fault 
circuit-interrupter protected receptacles shall be provided 
e replacements are made at receptacle outlets that are 
required to be so protected elsewhere in this Code. 


Informational Note No. 1: See 250.118 for acceptable 
grounding means. 


(4) Arc-Fault Circuit-Interrupter Protection. Where a 
receptacle outlet is supplied by a branch circuit that re¬ 
quires arc-fault circuit interrupter protection as specified 
elsewhere in this Code, a replacement receptacle at this 
outlet shall be one of the following: 

(1) A listed outlet branch circuit type arc-fault circuit in¬ 
terrupter receptacle 

(2) A receptacle protected by a listed outlet branch circuit 
type arc-fault circuit interrupter type receptacle 

(3) A receptacle protected by a listed combination type 
arc-fault circuit interrupter type circuit breaker 


Informational Note No. 2: For extensions of existing 
branch circuits, see 250.130. 

(D) Replacements. Replacement of receptacles shall com¬ 
ply with 406.4(D)(1) through (D)(6), as applicable. Arc- 
fault circuit-interrupter and ground-fault circuit-interrupter 
type receptacles shall be installed in a readily accessible 

location. [ROP 18-18] 

(1) Grounding-Type Receptacles. Where a grounding 
means exists in the receptacle enclosure or an equipment 
grounding conductor is installed in accordance with 
250.130(C), grounding-type receptacles shall be used and 
shall be connected to the equipment grounding conductor in 
accordance with 406.4(C) or 250.130(C). 


This requirement becomes effective January 1, 2014. 

(5) Tamper-Resistant Receptacles. Listed tamper- 
resistant receptacles shall be provided where replacements 
are made at receptacle outlets that are required to be 
tamper-resistant elsewhere in this Code. 

(6) Weather-Resistant Receptacles. Weather-resistant re¬ 
ceptacles shall be provided where replacements are made at 
receptacle outlets that are required to be so protected else¬ 
where in this Code. 

(E) Cord-and-Plug-Connected Equipment. The installa¬ 
tion of grounding-type receptacles shall not be used as a 
requirement that all cord-and-plug-connected equipment be 
of the grounded type. 
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Informational Note: See 250.114 for types of cord-and- 
plug-connected equipment to be grounded. 

(F) Noninterchangeable Types. Receptacles connected to 
circuits that have different voltages, frequencies, or types of 
current (ac or dc) on the same premises shall be of such 
design that the attachment plugs used on these circuits are 
not interchangeable. 


(H) Voltage Between Adjacent Devices. A receptacle 
shall not be grouped or ganged in enclosures with other 
receptacles, snap switches, or similar devices, unless they 
are arranged so that the voltage between adjacent devices 
does not exceed 300 volts, or unless they are installed in 
enclosures equipped with identified, securely installed bar¬ 
riers between adjacent devices. 


406.5 Receptacle Mounting. Receptacles shall be 
mounted in identified boxes or assemblies. The boxes or 
assemblies shall be securely fastened in place unless other¬ 
wise permitted elsewhere in this Code. Screws installed for 
the receptacles fastened to the box shall be machine screws 
matching the thread gage or size that is integral to the box. 
[ROP 18-28, ROP 18-30, ROP 18-31] 

(A) Boxes That Are Set Back. Receptacles mounted in 
boxes that are set back from the finished surface as permit¬ 
ted in 314.20 shall be installed such that the mounting yoke 
or strap of the receptacle is held rigidly at the finished 
surface. 

(B) Boxes That Are Flush. Receptacles mounted in boxes 
that are flush with the finished surface or project therefron 
shall be installed such that the mounting yoke or strap 
the receptacle is held rigidly against the box or box cover. 

(C) Receptacles Mounted on Covers. 

mounted to and supported by a cover shall 
against the cover by more than one sere 
device assembly or box cover listed and ide 
curing by a single screw. 


(D) Position of Receptacle 

ceptacle faces shall be flush wit] 
of insulating material and shall 
0.4 mm (0.015 in.) from metal 


u at ion, re¬ 
faceplates 
imum of 


Exception: Listed kits or assemblies encompassing recep¬ 
tacles and nonmetallic faceplates that cover the receptacle 
face, where the plate cannot be installed on any other re¬ 
ceptacle, shall be permitted. 

(E) Receptacles in Countertops and Similar Work Sur¬ 
faces. Receptacles shall not be installed in a face-up posi¬ 
tion in countertops or similar work surfaces. [ROP 18-32, 
ROP 18-34] 



406.6 Receptacle Faceplates (Cover Plates). Receptacle 
faceplates shall be installed so as to completely cover the 
opening and seat against the mounting surface. 

Receptacle faceplates mounted inside a box having a 
recess-mounted receptacle shall effectively close the open¬ 
ing and seat against the mounting surface. 

(A) Thickness of Metal Faceplates. Metal faceplates shall 
be of ferrous metal not less than 0.76 mm (0.030 in.) in 
thickness or of nonferrous metal not less than 1.02 mm 
(0.040 in.) q^Kckness. 

inding. Metal faceplates shall be grounded. 

(C) Faceplates of Insulating Material. Faceplates of in¬ 
sulating material shall be noncombustible and not less than 
2.54 mm (0.10 in.) in thickness but shall be permitted to be 
than 3®bptni (0.10 in.) in thickness if formed or rein- 
ide adequate mechanical strength. 

.7 Attachment Plugs, Cord Connectors, and 
Surface Devices. All attachment plugs, cord con- 
tors, and flanged surface devices (inlets and outlets) 
be listed and marked with the manufacturer’s name or 
identification and voltage and ampere ratings. 

(A) Construction of Attachment Plugs and Cord Con¬ 
nectors. Attachment plugs and cord connectors shall be 
constructed so that there are no exposed current-carrying 
parts except the prongs, blades, or pins. The cover for wire 
terminations shall be a part that is essential for the opera¬ 
tion of an attachment plug or connector (dead-front con¬ 
struction). 

(B) Connection of Attachment Plugs. Attachment plugs 
shall be installed so that their prongs, blades, or pins are not 
energized unless inserted into an energized receptacle or 
cord connectors. No receptacle shall be installed so as to 
require the insertion of an energized attachment plug as its 
source of supply. 


(F) Receptacles in Seating Areas and Other Similar 
Surfaces. Receptacles shall not be installed in a face-up 
position in seating areas or similar surfaces unless they are 
part of an assembly listed for the application. [ROP 18-34] 

(G) Exposed Terminals. Receptacles shall be enclosed so 
that live wiring terminals are not exposed to contact. 


(C) Attachment Plug Ejector Mechanisms. Attachment 
plug ejector mechanisms shall not adversely affect engage¬ 
ment of the blades of the attachment plug with the contacts 
of the receptacle. 

(D) Flanged Surface Inlet. A flanged surface inlet shall be 
installed such that the prongs, blades, or pins are not ener¬ 
gized unless an energized cord connector is inserted into it. 
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406.8 Noninterchangeability. Receptacles, cord connec¬ 
tors, and attachment plugs shall be constructed such that 
receptacle or cord connectors do not accept an attachment 
plug with a different voltage or current rating from that for 
which the device is intended. However, a 20-ampere T-slot 
receptacle or cord connector shall be permitted to accept a 
15-ampere attachment plug of the same voltage rating. 
Non-grounding-type receptacles and connectors shall not 
accept grounding-type attachment plugs. 

406.9 Receptacles in Damp or Wet Locations. 


(2) Other Receptacles. All other receptacles installed in a 
wet location shall comply with (B)(2)(a) or (B)(2)(b). 

(a) A receptacle installed in a wet location, where the 
product intended to be plugged into it is not attended while 
in use, shall have an enclosure that is weatherproof with the 
attachment plug cap inserted or removed. 

(b) A receptacle installed in a wet location where the 
product intended to be plugged into it will be attended 
while in use (e.g., portable tools) shall have an enclosure 
that is weatherproof when the attachment plug is removed. 


(A) Damp Locations. A receptacle installed outdoors in a 
location protected from the weather or in other damp loca¬ 
tions shall have an enclosure for the receptacle that is 
weatherproof when the receptacle is covered (attachment 
plug cap not inserted and receptacle covers closed). 

An installation suitable for wet locations shall also be 
considered suitable for damp locations. 

A receptacle shall be considered to be in a location 
protected from the weather where located under roofed 
open porches, canopies, marquees, and the like, and will 
not be subjected to a beating rain or water runoff. All 15- 
and 20-ampere, 125- and 250-volt nonlocking receptacles 
shall be a listed weather-resistant type. 

Informational Note: The types of receptacles covered 
this requirement are identified as 5-15, 5-20, 6-15, : 

6-20 in ANSI/NEMA WD 6-2002, Natioaal^Btectrica: 
Manufacturers Association Standard for ffiinensionsiof At¬ 
tachment Plugs and Receptacles. 

(B) Wet Locations. 

(1) 15- and 20-Ampere Receptacles in a Wet Location. 

15- and 20-ampere, 125- and 250-volt receptacles installed 
in a wet location shall have an enclosure that is weather¬ 
proof whether or not the attachment plug' 1 cap is inserted. 
An outlet box hood installed for this oppose shall be listed 
and shall be identified as “extrM^ty” All 15- and 20- 
ampere, 125- and 250-volt nonlocking-type receptacles 
shall be listed weather-resistant type. [ROP 18-37, ROP 
18-38] 



(C) Bathtub and Shower Space. Receptacles shall not be 
installed within or directly over a bathtub or shower stall. 

(D) Protection for Floor Receptacles. Standpipes of floor 
receptacles slrnl allow floor-cleaning equipment to be op¬ 
erated without damage to receptacles. 

(E) Flush Mounting with Faceplate. The enclosure for a 
receptacle instal®!. in an outlet box flush-mounted in a 

shed surface shall be made weatherproof by means of a 
weatherproof faceplate assembly that provides a watertight 
ion between the plate and the finished surface. 

406.10 Grounding-Type Receptacles, Adapters, Cord 
Connectors, and Attachment Plugs. 

rounding Poles. Grounding-type receptacles, cord 
connectors, and attachment plugs shall be provided with 
one fixed grounding pole in addition to the circuit poles. 
The grounding contacting pole of grounding-type plug-in 
ground-fault circuit interrupters shall be permitted to be of 
the movable, self-restoring type on circuits operating at not 
over 150 volts between any two conductors or any conduc¬ 
tor and ground. 

(B) Grounding-Pole Identification. Grounding-type re¬ 
ceptacles, adapters, cord connections, and attachment plugs 
shall have a means for connection of an equipment ground¬ 
ing conductor to the grounding pole. 

A terminal for connection to the grounding pole shall be 
designated by one of the following: 


Informational Note No. 1: Requirements for extra-duty 
outlet box hoods are found in ANSI/UL 514D-2000, Cover 
Plates for Flush-Mounted Wiring Devices. 

Informational Note No. 2: The types of receptacles cov¬ 
ered by this requirement are identified as 5-15, 5-20, 6-15, 
and 6-20 in ANSI/NEMA WD 6-2002, National Electrical 
Manufacturers Association Standard for Dimensions of At¬ 
tachment Plugs and Receptacles. 

Exception: 15- and 20-ampere, 125- through 250-volt re¬ 
ceptacles installed in a wet location and subject to routine 
high-pressure spray washing shall be permitted to have an 
enclosure that is weatherproof when the attachment plug is 
removed. 


(1) A green-colored hexagonal-headed or -shaped terminal 
screw or nut, not readily removable. 

(2) A green-colored pressure wire connector body (a wire 
barrel). 

(3) A similar green-colored connection device, in the case 
of adapters. The grounding terminal of a grounding 
adapter shall be a green-colored rigid ear, lug, or simi¬ 
lar device. The equipment grounding connection shall 
be so designed that it cannot make contact with 
current-carrying parts of the receptacle, adapter, or at¬ 
tachment plug. The adapter shall be polarized. 

(4) If the terminal for the equipment grounding conductor 
is not visible, the conductor entrance hole shall be 
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marked with the word green or ground, the letters G or 
GR, a grounding symbol, or otherwise identified by a 
distinctive green color. If the terminal for the equip¬ 
ment grounding conductor is readily removable, the 
area adjacent to the terminal shall be similarly marked. 

Informational Note: See Informational Note Figure 
406.10(B)(4). 


(1) Receptacles located more than 1.7 m (5 V 2 ft) above the 
floor. 

(2) Receptacles that are part of a luminaire or appliance. 

(3) A single receptacle or a duplex receptacle for two ap¬ 
pliances located within dedicated space for each appli¬ 
ance that, in normal use, is not easily moved from one 
place to another and that is cord-and-plug connected 
in accordance with 400.7(A)(6), (A)(7), or (A)(8). 


Informational Note Figure 406.10(B)(4) One Example of a 
Symbol Used to Identify the Termination Point for an Equip¬ 
ment Grounding Conductor. 

(C) Grounding Terminal Use. A grounding terminal shall 
not be used for purposes other than grounding. 

(D) Grounding-Pole Requirements. Grounding-type at¬ 
tachment plugs and mating cord connectors and receptacles 
shall be designed such that the equipment grounding con¬ 
nection is made before the current-carrying connections. 
Grounding-type devices shall be so designed that ground¬ 
ing poles of attachment plugs cannot be brought into con 
tact with current-carrying parts of receptacles or cord con 
nectors. 


(E) Use. Grounding-type attachment plugs 
only with a cord having an equipment grou: 

Informational Note: See 250.126 for 
grounding conductor terminals. [ROP 

406.11 Connecting Receptacl 
Box. The connection of the rei 
shall comply with 250.146. 

406.12 Tamper Resistant Receptacles! 


18-41a] 


(A) Dwelling Units. In all areas specified in 210.52, all 
nonlocking-type 125-volt, 15- and 20-ampere receptacles 
shall be listed tamper-resistant receptacles. 


(4) Nongrounding receptacles used for replacements as 
permitted in 406.4(D)(2)(a). 

406.15 Dimmer Controlled Receptacles. A receptacle 
supplying lighting loads shall not be connected to a dimmer 
unless the plug/receptacle combination is a nonstandard 
configuration type that is specifically listed and identified 
for each such unique combination. [ROP 18-53] 





ARTICLE 408 
chboards, Switchgear, and 
Panelboards 


.1 Scope. This article covers switchboards, switchgear, 
cind panelboards. It does not apply to equipment operating 
at over 1000 volts, except as specifically referenced else¬ 
where in the Code. [ROP 9-104a] 


408.2 Other Articles. Switches, circuit breakers, and over¬ 
current devices used on switchboards, switchgear, and pan¬ 
elboards and their enclosures shall comply with this article 
and also with the requirements of Articles 240, 250, 312, 
404, and other articles that apply. Switchboards, switch- 
gear, and panelboards in hazardous (classified) locations 
shall comply with the applicable provisions of Articles 500 
through 517. [ROP 9-103a, ROP 9-107] 


(B) Guest Rooms and Guest Suites of Hotels and Mo¬ 
tels. All nonlocking-type 125-volt, 15- and 20-ampere re¬ 
ceptacles located in guest rooms and guest suites of hotels 
and motels shall be listed tamper-resistant receptacles. 

(C) Child Care Facilities. In all child care facilities, all 
nonlocking-type 125-volt, 15- and 20-ampere receptacles 
shall be listed tamper-resistant receptacles. 

Exception to (A), (B), and (C): Receptacles in the following 
locations shall not be required to be tamper-resistant: 


408.3 Support and Arrangement of Busbars and Con¬ 
ductors. 

(A) Conductors and Busbars on a Switchboard, Switch- 
gear, or Panelboard. Conductors and busbars on a switch¬ 
board, switchgear, or panelboard shall comply with 
408.3(A)(1), (A)(2), and (A)(3) as applicable. [ROP 
9-103a] 

(1) Location. Conductors and busbars shall be located so 
as to be free from physical damage and shall be held firmly 
in place. 
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(2) Service Switchboards and Switchgear. Barriers shall 
be placed in all service switchboards and switchgear such 
that no uninsulated, ungrounded service busbar or service 
terminal is exposed to inadvertent contact by persons or 
maintenance equipment while servicing load terminations. 
[ROP 9-103a] 

(3) Same Vertical Section. Other than the required inter¬ 
connections and control wiring, only those conductors that 
are intended for termination in a vertical section of a 
switchboard or switchgear shall be located in that section. 

[ROP 9-103a] 


rangements shall be permitted for additions to existing in¬ 
stallations and shall be marked. [ROP 9-103a] 

Exception: Equipment within the same single section or 
multisection switchboard , switchgear or panelboard as the 
meter on 3-phase, 4-wire, delta-connected systems shall be 
permitted to have the same phase configuration as the me¬ 
tering equipment. [ROP 9-103a] 

Informational Note: See 110.15 for requirements on mark¬ 
ing the busbar or phase conductor having the higher voltage 
to ground where supplied from a 4-wire, delta-connected 
system. 


Exception: Conductors shall be permitted to travel hori¬ 
zontally through vertical sections of switchboards or 
switchgear where such conductors are isolated from bus¬ 
bars by a barrier. [ROP 9-103a] 

(B) Overheating and Inductive Effects. The arrangement 
of busbars and conductors shall be such as to avoid over¬ 
heating due to inductive effects. 

(C) Used as Service Equipment. Each switchboard, 
switchgear, or panelboard, if used as service equipment, 
shall be provided with a main bonding jumper sized in 
accordance with 250.28(D) or the equivalent placed 
the panelboard or one of the sections of the switchboard o' 
switchgear for connecting the grounded service conductor 
on its supply side to the switchboard, switchgear,, or pai 
board frame. All sections of a switchboara or switchge 1 
shall be bonded together using an equipment bonding con 
ductor sized in accordance with TalldN250,.T22 or Tal 
250.66 as appropriate. [ROP 9-103a 1 


Exception: Switchboard: 
used as service equipmer, 
neutral systems in acco 
required to be provided with 

9-103a] 



elboards 
'ance^grounded- 
6 shall not be 
ing jumper. [ROP 


(D) Terminals. In switchboards , switchgear and panel- 
boards, load terminals for field wiring, including grounded 
circuit conductor load terminals and connections to the 
equipment grounding conductor bus for load equipment 
grounding conductors, shall be so located that it is not 
necessary to reach across or beyond an uninsulated un¬ 
grounded line bus in order to make connections. [ROP 
9-103a] 

(E) Bus Arrangement. [ROP 9-103a] 

(1) AC Phase Arrangement. AC phase arrangement on 
3-phase buses shall be A, B, C from front to back, top to 
bottom, or left to right, as viewed from the front of the 
switchboard , switchgear or panelboard. The B phase shall 
be that phase having the higher voltage to ground on 
3-phase, 4-wire, delta-connected systems. Other busbar ar¬ 


) Switchboard, 
tion. [ROP 9-111] 



(2) DC Bus Arrangement. There shall be no specific bus 
arrangement required of DC ungrounded buses. Arrange¬ 
ment of DC buses shall be field marked as to polarity, 
grounding system, and nominal voltage. [ROP 9-110] 
Cautkm sign(s) or label(s) provided in accordance with 
items, (1) through (5) shall comply with 110.21(B). [ROP 



tchgear or Panelboard Identifica- 


igh-Leg Identification. A switchboard, switchgear, 
board containing a 4-wire, delta-connected system 
midpoint of one phase winding is grounded shall 
egibly and permanently field marked as follows: 
“Caution_Phase Has_Volts to Ground” 

(2) Ungrounded AC Systems. A switchboard, switchgear, 
or panelboard containing an ungrounded AC electrical sys¬ 
tem as permitted in 250.21 shall be legibly and permanently 
field marked as follows: 

“Caution Ungrounded System Operating — _ 

Volts Between Conductors” 

(3) High-Impedance Grounded Neutral AC System. A 

switchboard, switchgear, or panelboard containing a high- 
impedance grounded neutral AC system in accordance with 
250.36 shall be legibly and permanently field marked as 
follows: 

“Caution High Impedance-Grounded Neutral AC Sys¬ 
tem Operating —_ Volts Between Conductors” and 

“May Operate —_Volts to Ground for Indefinite Pe¬ 

riods Under Fault Conditions” 

(4) Ungrounded DC Systems. A switchboard, switchgear, 
or panelboard containing an ungrounded DC electrical sys¬ 
tem in accordance with 250.169 shall be legibly and per¬ 
manently field marked as follows: 

“Caution Ungrounded DC System Operating —_ 

Volts Between Conductors” 

(5) Resistively Grounded DC Systems. A switchboard, 
switchgear, or panelboard, containing a resistive connection 
between current carrying conductors and the grounding 
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system to stabilize voltage to ground shall be legibly and 
permanently field marked as follows: 

“Caution DC System Operating — _.Volts Be¬ 
tween Conductors” and “May Operate —_Volts to 

Ground for Indefinite Periods Under Fault Conditions” 

(G) Minimum Wire-Bending Space. The minimum wire¬ 
bending space at terminals and minimum gutter space pro¬ 
vided in panelboards, switchgear, and switchboards shall be 
as required in 312.6. [ROP 9-103a] 

408.4 Field Identification Required. 


Table 408.5 Clearance for Conductors Entering Bus 
Enclosures 


Minimum Spacing Between Bottom 
of Enclosure and Busbars, Their 
Supports, or Other Obstructions 

Conductor 

mm 

in. 

Insulated busbars, their 

200 

8 

supports, or other 



obstructions 



Noninsulated busbars 

250 

10 


(A) Circuit Directory or Circuit Identification. Every 
circuit and circuit modification shall be legibly identified as 
to its clear, evident, and specific purpose or use. The iden¬ 
tification shall include an approved degree of detail that 
allows each circuit to be distinguished from all others. 
Spare positions that contain unused overcurrent devices or 
switches shall be described accordingly. The identification 
shall be included in a circuit directory that is located on the 
face or inside of the panel door in the case of a panelboard, 
and located at each switch or circuit breaker in a switch¬ 
board or switchgear. No circuit shall be described in a man¬ 
ner that depends on transient conditions of occupancy. 
[ROP 9-2, ROP 9-103a] 

(B) Source of Supply. All switchboards , switchgear, and 
panelboards supplied by a feeder(s) in other than one- or 
two-family dwellings shall be marked to ind^ 
vice or equipment where the power origin; 

ROP 9-103a] 

408.5 Clearance for Conductor Entering Bus Enclo¬ 
sures. Where conduits or other raceways eiiteii a switch¬ 
board, switchgear, floor-standing panelboard, or similar en¬ 
closure at the bottom, approved space shall be provided to 
permit installation of conductors in tl^^mclosurc. The wir¬ 
ing space shall not be less than shown in Table 408.5 where 
the conduit or raceways enter or leave the enclosure below 
the busbars, their supports, or other obstructions. The con¬ 
duit or raceways, including their end fittings, shall not rise 
more than 75 mm (3 in.) above the bottom of the enclosure. 
[ROP 9-2, ROP 9-103a] 

408.7 Unused Openings. Unused openings for circuit 
breakers and switches shall be closed using identified clo¬ 
sures, or other approved means that provide protection sub¬ 
stantially equivalent to the wall of the enclosure. 

II. Switchboards and Switchgear 
[ROP 9-103a] 

408.16 Switchboards and Switchgear in Damp or Wet 
Locations. Switchboards and switchgear in damp or wet 




locations shall be installed in accordance with 312.2. [ROP 
9-103a] 

408.17 Location^ Relative to Easily Ignitible Material. 

Switchboards and switchgear shall be placed so as to re¬ 
duce to a minimum the probability of communicating fire 
to adjacetjir combustible materials. Where installed over a 
combustible floor, suitable protection thereto shall be pro¬ 
vided. [ROB #103a] 

408.18 Clearances. 

ing. For other than a totally enclosed 
or switchgear, a space not less than 900 mm 
>e provided between the top of the switchboard 
r switchgear and any combustible ceiling, unless a non- 
bustible shield is provided between the switchboard or 
switchgear and the ceiling. [ROP 9-103a] 


(B) Around Switchboards and Switchgear. Clearances 
around switchboards and switchgear shall comply with the 
provisions of 110.26. [ROP 9-103a] 

408.19 Conductor Insulation. An insulated conductor 
used within a switchboard or switchgear shall be listed, 
shall be flame retardant, and shall be rated not less than the 
voltage applied to it and not less than the voltage applied to 
other conductors or busbars with which it may come in 
contact. [ROP 9-103a] 

408.20 Location of Switchboards and Switchgear. 

Switchboards and switchgear that have any exposed live 
parts shall be located in permanently dry locations and then 
only where under competent supervision and accessible 
only to qualified persons. Switchboards and switchgear 
shall be located such that the probability of damage from 
equipment or processes is reduced to a minimum. [ROP 
9-103a] 

408.22 Grounding of Instruments, Relays, Meters, and 
Instrument Transformers on Switchboards and Switch- 
gear. Instruments, relays, meters, and instrument trans¬ 
formers located on switchboards and switchgear shall be 
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grounded as specified in 250.170 through 250.178. [ROP 
9-103a] 

III. Panelboards 

408.30 General. All panelboards shall have a rating not 
less than the minimum feeder capacity required for the load 
calculated in accordance with Part 111, IV, or V of Article 
220, as applicable. 

[ROP 9-121a] 

408.36 Overcurrent Protection. In addition to the re¬ 
quirement of 408.30, a panelboard shall be protected by an 
overcurrent protective device having a rating not greater 
than that of the panelboard. This overcurrent protective de¬ 
vice shall be located within or at any point on the supply 
side of the panelboard. 

Exception No. 1: Individual protection shall not be re¬ 
quired for a panelboard used as service equipment with 
multiple disconnecting means in accordance with 230.71. 
In panelboards protected by three or more main circuit 
breakers or sets of fuses, the circuit breakers or sets of 
fuses shall not supply a second bus structure within the 
same panelboard assembly. 

Exception No. 2: Individual protection shall not 
quired for a panelboard protected on its supply side b 
main circuit breakers or two sets of fuses having a ci 
bined rating not greater than that of the panelboard, 
panelboard constructed or wired undpfwiis exception sha 
not contain more than 42 overcurrehflwuices, 
poses of determining the maximum of 42 ovlrcurrent 
vices, a 2-pole or a 3-pole c^tuit breaker shall be consid¬ 
ered as two or three overcuifent derespectiyely. 

Exception No. 3: Eon existing panelboards, individual 
protection shall not be required for a panelboard used as 
service equipment for an individual residential occupancy. 

(A) Snap Switches Rated at 30 Amperes or Less. Panel- 

boards equipped with snap switches rated at 30 amperes or 
less shall have overcurrent protection of 200 amperes or 
less. 

(B) Supplied Through a Transformer. Where a panel- 
board is supplied through a transformer, the overcurrent 
protection required by 408.36 shall be located on the sec¬ 
ondary side of the transformer. 

Exception: A panelboard supplied by the secondary side 
of a transformer shall be considered as protected by the 
overcurrent protection provided on the primary side of the 
transformer where that protection is in accordance with 
240.21(C)(1). 

(C) Delta Breakers. A 3-phase disconnect or overcurrent 
device shall not be connected to the bus of any panelboard 



that has less than 3-phase buses. Delta breakers shall not be 
installed in panelboards. 

(D) Back-Fed Devices. Plug-in-type overcurrent protec¬ 
tion devices or plug-in type main lug assemblies that are 
backfed and used to terminate field-installed ungrounded 
supply conductors shall be secured in place by an addi¬ 
tional fastener that requires other than a pull to release the 
device from the mounting means on the panel. 

408.37 Panelboards in Damp or Wet Locations. Panel- 
boards in damp or wet locations shall be installed to com¬ 
ply with 312.2. 

408.38 Enclosure. Panelboards shall be mounted in cabi¬ 
nets, cutout boxes, or identified enclosures and shall be 
dead-front. [E lOP 9-125] 

Exception: Panelboards other than of the dead-front, ex- 
ternafWoperable type shall be permitted where accessible 
only to qualified persons. 

elative Arrangement of Switches and Fuses. In 

fil'ds, fuses of any type shall be installed on the load 
any switches. 

Fuses installed as part of service equipmen t in 
ce with the provisions of230.94 shall be permitted 
line side of the service switch. 

408.40 Grounding of Panelboards. Panelboard cabinets 
and panelboard frames, if of metal, shall be in physical 
contact with each other and shall be connected to an equip¬ 
ment grounding conductor. Where the panelboard is used 
with nonmetallic raceway or cable or where separate equip¬ 
ment grounding conductors are provided, a terminal bar for 
the equipment grounding conductors shall be secured inside 
the cabinet. The terminal bar shall be bonded to the cabinet 
and panelboard frame, if of metal; otherwise it shall be 
connected to the equipment grounding conductor that is run 
with the conductors feeding the panelboard. 

Exception: Where an isolated equipment grounding con¬ 
ductor is provided as permitted by 250.146(D), the insu¬ 
lated equipment grounding conductor that is run with the 
circuit conductors shall be permitted to pass through the 
panelboard without being connected to the panelboard’s 
equipment grounding terminal bar. 

Equipment grounding conductors shall not be con¬ 
nected to a terminal bar provided for grounded conductors 
or neutral conductors unless the bar is identified for the 
purpose and is located where interconnection between 
equipment grounding conductors and grounded circuit con¬ 
ductors is permitted or required by Article 250. 

408.41 Grounded Conductor Terminations. Each 
grounded conductor shall terminate within the panelboard 
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in an individual terminal that is not also used for another 
conductor. 

Exception: Grounded conductors of circuits with parallel 
conductors shall be permitted to terminate in a single ter¬ 
minal if the terminal is identified for connection of more 
than one conductor. 

IV. Construction Specifications 

408.50 Panels. The panels of switchboards and switchgear 
shall be made of moisture-resistant, noncombustible mate¬ 
rial. [ROP 9-103a] 

408.51 Busbars. Insulated or bare busbars shall be rigidly 
mounted. 

408.52 Protection of Instrument Circuits. Instruments, 
pilot lights, voltage (potential) transformers, and other 
switchboard or switchgear devices with potential coils shall 
be supplied by a circuit that is protected by standard over¬ 
current devices rated 15 amperes or less. [ROP 9-129] 

Exception No. 1: Overcurrent devices rated more than 15 
amperes shall be permitted where the interruption of the 
circuit could create a hazard. Short-circuit protection shall 
be provided. 

Exception No. 2: For ratings of 2 amperes or less^^&pjecial 
types of enclosed fuses shall be permitted. 

408.53 Component Parts. Switches, fuses, and fusehold- 
ers used on panelboards shall comply with the appHcable 
requirements of Articles 240 and 404. 

408.54 Maximum Number of Overcurrent Dpvic^K A 

panelboard shall be provided with physical me»s to pre¬ 
vent the installation of more overcurrent devices than that 
number for which the panelboard was designed^ rated, and 
listed. 

For the purposes of this section, a 2-pole circuit breaker 
or fusible switch shall be considered two overcurrent de¬ 
vices; a 3-pole circuit breaker or fusible switch shall be 
considered three overcurrent devices. 

408.55 Wire-Bending Space Within an Enclosure Con¬ 
taining a Panelboard. [ROP 9-130] 

(A) Top and Bottom Wire-Bending Space. The enclosure 
for a panelboard shall have the top and bottom wire¬ 
bending space sized in accordance with Table 312.6(B) for 
the largest conductor entering or leaving the enclosure. 

[ROP 9-130] 

Exception No. 1: Either the top or bottom wire-bending 
space shall be permitted to be sized in accordance with 
Table 312.6(A) for a panelboard rated 225 amperes or less 


and designed to contain not over 42 overcurrent devices. 
For the purposes of this exception, a 2-pole or a 3-pole 
circuit breaker shall be considered as two or three overcur¬ 
rent devices, respectively. 

Exception No. 2: Either the top or bottom wire-bending 
space for any panelboard shall be permitted to be sized in 
accordance with Table 312.6(A) where at least one side 
wire-bending space is sized in accordance with Table 
312.6(B)) for the largest conductor to be terminated in any 
side wire-bending space. 

Exception No. 3: The top and bottom wire-bending space 
shall be permitted to be sized in accordance with Table 
312.6(A) spacings if the panelboard is designed and con¬ 
structed for wiring using only a single 90 degree bend for 
each conductor, including the grounded circuit conductor, 
and the wiring diagram shows and specifies the method of 
wiring that shall be used. 

Exception No. 4: Either the top or the bottom wire- 
bending/Whce, but not Imdi, shall be permitted to be sized 
in accordance with Table? 12.6(A) where there are no con- 
ductcWs terminated in that space. 

(B) Side Wire-Bending Space. Side wire-bending space 
shall be in ttecordance with Table 312.6(A) for the largest 
conductor to be terminated in that space. [ROP 9-130] 

(C) Back Wire-Bending Space. Where a raceway or cable 
entry is in the wall of the enclosure opposite a removable 
c4ver, the distance from that wall to the cover shall be 
permitted to comply with the distance required for one wire 
per terminal in Table 312.6(A). The distance between the 
center of the rear entry and the nearest termination for the 
entering conductors shall not be less than the distance given 
in Table 312.6(B). [ROP 9-130] 

408.56 Minimum Spacings. The distance between bare 
metal parts, busbars, and so forth shall not be less than 
specified in Table 408.56. 

Where close proximity does not cause excessive heat¬ 
ing, parts of the same polarity at switches, enclosed fuses, 
and so forth shall be permitted to be placed as close to¬ 
gether as convenience in handling will allow. 

Exception: The distance shall be permitted to be less than 
that specified in Table 408.56 at circuit breakers and 
switches and in listed components installed in switch¬ 
boards, switchgear, and panelboards. [ROP 9-103a] 

408.58 Panelboard Marking. Panelboards shall be dura¬ 
bly marked by the manufacturer with the voltage and the 
current rating and the number of AC phases or DC phases 
for which they are designed and with the manufacturer’s 
name or trademark in such a manner so as to be visible 
after installation, without disturbing the interior parts or 
wiring. [ROP 9-134] 
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Table 408.56 Minimum Spacings Between Bare Metal Parts Table 409.3 Other Articles 


AC or DC 
Voltage 
[ROP 9-133] 

Opposite 
Polarity 
Where 
Mounted on 
the Same 
Surface 

Opposite 
Polarity 
Where Held 
Free in Air 

Live Parts to 
Ground* 

mm 

in. 

mm 

in. 

mm 

in. 

Not over 125 
volts, 
nominal 

19.1 

% 

12.7 

1/2 

12.7 

1/2 

Not over 250 
volts, 
nominal 

31.8 

m 

19.1 

¥4 

12.7 

y 2 

Not over 

1000 volts, 
nominal 

[ROP 

9-132] 

50.8 

2 

25.4 

1 

25.4 

i 


*For spacing between live parts and doors of cabinets, see 
312.11(A)(1), (2), and (3). 


ARTICLE 409 
Industrial Control Panels 


I. General 

409.1 Scope. This article covers i 
intended for general use and operating 

[ROP 11-10] 

Informational Note: A 
trial Control Panels , is 
trol panels. [ROP 11-11] 

[ROP 11-5, ROP 11-7] 


409.3 Other Articles. In addition to the requirements of 
Article 409, industrial control panels that contain branch 
circuits for specific loads or components, or are for control 
of specific types of equipment addressed in other articles of 




flard for>Indus- 
industrial con- 


Equipment/Occupancy 

Article 

Section 

Branch circuits 

210 


Luminaires 

410 


Motors, motor circuits, and 
controllers 

430 


Air-conditioning and 
refrigerating equipment 

440 


Capacitors 


460.8, 460.9 

Hazardous (classified) 

500, 501, 502, 


locations 

503, 504, 505 


Commercial garages; aircraft 

511, 513, 514, 


hangars; motor fuel 

515, 516, and 


dispensing facilities; bulk 
storage plants; spray 
application, dipping, and 
coating processes; and 
inhalation anesthetizing 
locations 

517 Part IV 


Cranes and hoists 

610 


Electrically driven or 
controlled irrigating 
machines 

675 


Elevators, dumbwaiters, 
escalators, moving walks, 
wheelchair lifts, and 
stairway chair lifts 

620 


Industrial machinery 

670 


Resistors and reactors 

470 


Transformers 

450 


Class 1, Class 2, and Class 

3 remote-control, 
signaling, and 
power-limited circuits 

725 



motors and apparatus based on their duty cycle that may be 
in operation at the same time. [ROP 11-13] 

409.21 Overcurrent Protection. 

(A) General. Industrial control panels shall be provided 
with overcurrent protection in accordance with Parts I, II, 
and IX of Article 240. 

(B) Location. This protection shall be provided for each 
incoming supply circuit by either of the following: 


this Code, shall be constructed and installed in accordance 
with the applicable requirements from the specific articles 
in Table 409.3. 

II. Installation 

409.20 Conductor — Minimum Size and Ampacity. The 

size of the industrial control panel supply conductor shall 
have an ampacity not less than 125 percent of the full-load 
current rating of all heating loads plus 125 percent of the 
full-load current rating of the highest rated motor plus the 
sum of the full-load current ratings of all other connected 


(1) An overcurrent protective device located ahead of the 
industrial control panel. 

(2) A single main overcurrent protective device located 
within the industrial control panel. Where overcurrent 
protection is provided as part of the industrial control 
panel, the supply conductors shall be considered as ei¬ 
ther feeders or taps as covered by 240.21. 

(C) Rating. The rating or setting of the overcurrent protec¬ 
tive device for the circuit supplying the industrial control 
panel shall not be greater than the sum of the largest rating 
or setting of the branch-circuit short-circuit and ground- 
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fault protective device provided with the industrial control 
panel, plus 125 percent of the full-load current rating of all 
resistance heating loads, plus the sum of the full-load cur¬ 
rents of all other motors and apparatus that could be in 
operation at the same time. 

Exception: Where one or more instantaneous trip circuit 
breakers or motor short-circuit protectors are used for mo¬ 
tor branch-circuit short-circuit and ground-fault protection 
as permitted by 430.52(C), the procedure specified above 
for determining the maximum rating of the protective de¬ 
vice for the circuit supplying the industrial control panel 
shall apply with the following provision: For the purpose of 
the calculation, each instantaneous trip circuit breaker or 
motor short-circuit protector shall be assumed to have a 
rating not exceeding the maximum percentage of motor 
full-load current permitted by Table 430.52 for the type of 
control panel supply circuit protective device employed. 

Where no branch-circuit short-circuit and ground-fault 
protective device is provided with the industrial control 
panel for motor or combination of motor and non-motor 
loads, the rating or setting of the overcurrent protective 
device shall be based on 430.52 and 430.53, as applicable. 


409.22 Short-Circuit Current Rating. An industrial con 
trol panel shall not be installed where the available fault 
current exceeds its short-circuit current rating as marked in 
accordance with 409.110(4). 

409.30 Disconnecting Means. Disconnect^ 
supply motor loads shall comply with Pal 
430. 


409.60 Grounding. Mu 11i secti olx indu stri 
shall be bonded together with an equipment grl 
ductor or an equivalent equipment grounding 
accordance with Table 250.122. Equipment gri 
ductors shall be connected to this equipmen 


ding con- 
sized in 
ding con- 
'unding bus 


or to an equipment grounding terminatio 
a single-section industrial control panel. 


int provided in 


III. Construction Specifications 

409.100 Enclosures. Table 110.29 shall be used as the ba¬ 
sis for selecting industrial control panel enclosures for use 
in specific locations other than hazardous (classified) loca¬ 
tions. The enclosures are not intended to protect against 
conditions such as condensation, icing, corrosion, or con¬ 
tamination that may occur within the enclosure or enter via 
the conduit or unsealed openings. 

409.102 Busbars and Conductors. Industrial control pan¬ 
els utilizing busbars shall comply with 409.102(A) and (B). 

(A) Support and Arrangement. Busbars shall be pro¬ 
tected from physical damage and be held firmly in place. 


(B) Phase Arrangement. The phase arrangement on 
3-phase horizontal common power and vertical buses shall 
be A, B, C from front to back, top to bottom, or left to right, 
as viewed from the front of the industrial control panel. The 
B phase shall be that phase having the higher voltage to 
ground on 3-phase, 4-wire, delta-connected systems. Other 
busbar arrangements shall be permitted for additions to ex¬ 
isting installations, and the phases shall be permanently 
marked. 

409.104 Wiring Space. 

(A) General. Industrial control panel enclosures shall not 
be used as junction boxes, auxiliary gutters, or raceways for 
conductors feeding through or tapping off to other switches 
or overcurrent device or other equipment, unless the con¬ 
ductors fill less than 40 percent of the cross-sectional area 
of the wiring space. In addition, the conductors, splices, 
and taps shtj.ll not fill the wiring space at any cross section 
to more than 75 perchttt of the cross-sectional area of that 
space^ 

ing Space. Wire bending space within in- 
r ol panels for field wiring terminals shall be in 
with the requirements in 430.10(B). 




pacings. Spacings in feeder circuits between un¬ 
parts of adjacent components, between unin- 
live parts of components and grounded or acces- 
non-current-carrying metal parts, between uninsulated 
parts of components and the enclosure, and at field 
iring terminals shall be as shown in Table 430.97. 

Exception: Spacings shall be permitted to be less than 
those specified in Table 430.97 at circuit breakers and 
switches and in listed components installed in industrial 
control panels. 

409.108 Service Equipment. Where used as service 
equipment, each industrial control panel shall be of the type 
that is suitable for use as service equipment. 

Where a grounded conductor is provided, the industrial 
control panel shall be provided with a main bonding 
jumper, sized in accordance with 250.28(D), for connecting 
the grounded conductor, on its supply side, to the industrial 
control panel equipment ground bus or equipment ground 
terminal. 

409.110 Marking. An industrial control panel shall be 
marked with the following information that is plainly vis¬ 
ible after installation: 

(1) Manufacturer’s name, trademark, or other descriptive 
marking by which the organization responsible for the 
product can be identified. 

(2) Supply voltage, number of phases, frequency, and full¬ 
load current for each incoming supply circuit. 
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(3) Industrial control panels supplied by more than one 
power source such that more than one disconnecting 
means is required to disconnect all power within the 
control panel shall be marked to indicate that more than 
one disconnecting means is required to de-energize the 
equipment. 

(4) Short-circuit current rating of the industrial control 
panel based on one of the following: 

a. Short-circuit current rating of a listed and labeled 
assembly 

b. Short-circuit current rating established utilizing an 
approved method 

Informational Note: ANSI/UL 508A, Standard for Indus¬ 
trial Control Panels, Supplement SB, is an example of an 
approved method. [ROP 11-11] 

Exception to (4): Short-circuit current rating markings are 

not required for industrial control panels containing only 

control circuit components. 

(5) If the industrial control panel is intended as service 
equipment, it shall be marked to identify it as being 
suitable for use as service equipment. 

(6) Electrical wiring diagram or the identification number 
of a separate electrical wiring diagram or a desii 
referenced in a separate wiring diagram. 

(7) An enclosure type number shall be marked on 
dustrial control panel enclosure. 


ARTI 

Luminaires, La 

I. General 

410.1 Scope. This article covers luminaires, portable lumi¬ 
naires, lampholders, pendants, incandescent filament lamps, 
arc lamps, electric-discharge lamps, decorative lighting 
products, lighting accessories for temporary seasonal and 
holiday use, portable flexible lighting products, and the wir¬ 
ing and equipment forming part of such products and light¬ 
ing installations. 

410.2 Definition. [ROP 18-5] 

Closet Storage Space. The volume bounded by the sides 
and back closet walls and planes extending from the closet 
floor vertically to a height of 1.8 m (6 ft) or to the highest 
clothes-hanging rod and parallel to the walls at a horizontal 
distance of 600 mm (24 in.) from the sides and back of the 
closet walls, respectively, and continuing vertically to the 
closet ceiling parallel to the walls at a horizontal distance of 
300 mm (12 in.) or the width of the shelf, whichever is 



greater; for a closet that permits access to both sides of a 
hanging rod, this space includes the volume below the 
highest rod extending 300 mm (12 in.) on either side of the 
rod on a plane horizontal to the floor extending the entire 
length of the rod. See Figure 410.2. 


300 mm (12 in 
or shelf width 




10.2 Closet Storage Space. 


[ROP 18-5] 

410.5 Live Parts. Luminaires, portable luminaires, lam¬ 
pholders, and lamps shall have no live parts normally ex¬ 
posed to contact. Exposed accessible terminals in lam¬ 
pholders and switches shall not be installed in metal 
luminaire canopies or in open bases of portable table or 
floor luminaires. 

Exception: Cleat-type lampholders located at least 2.5 m 
(8 ft) above the floor shall be permitted to have exposed 
terminals. 

410.6 Listing Required. All luminaires and lampholders 
and retrofit kits shall be listed. [ROP 18-59] 

410.8 Inspection. Luminaires shall be installed such that 
the connections between the luminaire conductors and the 
circuit conductors can be inspected without requiring the 
disconnection of any part of the wiring unless the lumi¬ 
naires are connected by attachment plugs and receptacles. 

II. Luminaire Locations 

410.10 Luminaires in Specific Locations. 

(A) Wet and Damp Locations. Luminaires installed in 
wet or damp locations shall be installed such that water 
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cannot enter or accumulate in wiring compartments, lam¬ 
pholders, or other electrical parts. All luminaires installed 
in wet locations shall be marked, “Suitable for Wet Loca¬ 
tions.” All luminaires installed in damp locations shall be 
marked “Suitable for Wet Locations” or “Suitable for 
Damp Locations.” 

(B) Corrosive Locations. Luminaires installed in corro¬ 
sive locations shall be of a type suitable for such locations. 

(C) In Ducts or Hoods. Luminaires shall be permitted to 
be installed in commercial cooking hoods where all of the 
following conditions are met: 

(1) The luminaire shall be identified for use within com¬ 
mercial cooking hoods and installed such that the tem¬ 
perature limits of the materials used are not exceeded. 

(2) The luminaire shall be constructed so that all exhaust 
vapors, grease, oil, or cooking vapors are excluded 
from the lamp and wiring compartment. Diffusers shall 
be resistant to thermal shock. 

(3) Parts of the luminaire exposed within the hood shall be 
corrosion resistant or protected against corrosion, and 
the surface shall be smooth so as not to collect deposits 
and to facilitate cleaning. 

(4) Wiring methods and materials supplying the lumi¬ 
naire^) shall not be exposed within the cooking hood. 

Informational Note: See 110.11 for conductors and 
ment exposed to deteriorating agents. 


|ding ended 
in auzone measured 
(8 ft) verticall} from 
stall threshold. This 
the space directly 


(D) Bathtub and Shower Areas. No 

connected luminaires, chain-, cable-, or cord- 
mi nai res, lighting track, pendants 
(paddle) fans shall be located 
900 mm (3 ft) horizontally an<^ 
the top of the bathtub rim or 
zone is all encompassing and me? 
over the tub or shower stall. Luminaires located within the 
actual outside dimension of the bathtub or shower to a 
height of 2.5 m (8 ft) vertically from the top of the bathtub 
rim or shower threshold shall be marked for damp loca¬ 
tions, or marked for wet locations where subject to shower 
spray. 


sured from the lowest surface of the roof decking to the top 
of the luminaire. [ROP 18-66] 

410.11 Luminaires Near Combustible Material. Lumi¬ 
naires shall be constructed, installed, or equipped with 
shades or guards so that combustible material is not sub¬ 
jected to temperatures in excess of 90°C (194°F). 

410.12 Luminaires over Combustible Material. Lam¬ 
pholders installed over highly combustible material shall be 
of the unswitched type. Unless an individual switch is pro¬ 
vided for each luminaire, lampholders shall be located at 
least 2.5 m (8 ft) above the floor or shall be located or 
guarded so that the lamps cannot be readily removed or 
damaged. 

410.14 Lur re#'in Show Windows. Chain-supported 
luminaires i l a show window shall be permitted to be 

externally w No other externally wired luminaires shall 

be used 

Luminaires in Clothes Closets. 

aire Types Permitted. Only luminaires of the 
es shall be permitted in a closet: 
mounted or recessed incandescent or LED lu- 
with completely enclosed light sources 
Surface-mounted or recessed fluorescent luminaires 
Surface-mounted fluorescent or LED luminaires identi¬ 
fied as suitable for installation within the closet storage 
space 

(B) Luminaire Types Not Permitted. Incandescent lumi¬ 
naires with open or partially enclosed lamps and pendant 
luminaires or lampholders shall not be permitted. 

(C) Location. The minimum clearance between luminaires 
installed in clothes closets and the nearest point of a closet 
storage space shall be as follows: 

(1) 300 mm (12 in.) for surface-mounted incandescent or 
LED luminaires with a completely enclosed light 
source installed on the wall above the door or on the 
ceiling. 



(E) Luminaires in Indoor Sports, Mixed-Use, and All- 
Purpose Facilities. Luminaires subject to physical damage, 
using a mercury vapor or metal halide lamp, installed in 
playing and spectator seating areas of indoor sports, mixed- 
use, or all-purpose facilities shall be of the type that pro¬ 
tects the lamp with a glass or plastic lens. Such luminaires 
shall be permitted to have an additional guard. 

(F) Luminaires Installed in or Under Roof Decking. Lu¬ 
minaires installed in exposed or concealed locations under 
metal - corrugated sheet roof decking, shall be installed and 
supported so there is not less than 38 mm (1 1/2 in.) mea¬ 


(2) 150 mm (6 in.) for surface-mounted fluorescent lumi¬ 
naires installed on the wall above the door or on the 
ceiling. 

(3) 150 mm (6 in.) for recessed incandescent or LED lu¬ 
minaires with a completely enclosed light source in¬ 
stalled in the wall or the ceiling. 

(4) 150 mm (6 in.) for recessed fluorescent luminaires in¬ 
stalled in the wall or the ceiling. 

(5) Surface-mounted fluorescent or LED luminaires shall 
be permitted to be installed within the closet storage 
space where identified for this use. 
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410.18 Space for Cove Lighting. Coves shall have ad¬ 
equate space and shall be located so that lamps and equip¬ 
ment can be properly installed and maintained. 

III. Provisions at Luminaire Outlet Boxes, Canopies, 
and Pans 

410.20 Space for Conductors. Canopies and outlet boxes 
taken together shall provide sufficient space so that lumi¬ 
naire conductors and their connecting devices are capable 
of being installed in accordance with 314.16. Only canopies 
marked with internal volume shall be included in the total 
box volume calculation. [ROP 18-68] 

410.21 Temperature Limit of Conductors in Outlet 
Boxes. Luminaires shall be of such construction or installed 
so that the conductors in outlet boxes shall not be subjected 
to temperatures greater than that for which the conductors 
are rated. 

Branch-circuit wiring, other than 2-wire or multiwire 
branch circuits supplying power to luminaires connected 
together, shall not be passed through an outlet box that is an 
integral part of a luminaire unless the luminaire is identified 
for through-wiring. 

Informational Note: See 410.64(C) for wiring suppl; 
power to luminaires connected together. 


410.22 Outlet Boxes to Be Covered. In a completed 
stallation, each outlet box shall be provided with a co 1 
unless covered by means of a lulKiaire 
pholder, receptacle, or similar device. 

410.23 Covering of Combustible Material at Outlet 
Boxes. Any combustible wall or ceiling finish exposed be¬ 
tween the edge of a luminaire canop\ or pan and an outlet 
box having a surface area on 1160 mm 2 (180 in 2 ) or more, 
shall be covered with noncombustible material. [ROP 

410.24 Connection of Electric-Discharge and LED Lu¬ 
minaires. 


IV. Luminaire Supports 
410.30 Supports. 

(A) General. Luminaires and lampholders shall be se¬ 
curely supported. A luminaire that weighs more than 3 kg 
(6 lb) or exceeds 400 mm (16 in.) in any dimension shall 
not be supported by the screw shell of a lampholder. 

(B) Metal or Nonmetallic Poles Supporting Luminaires. 

Metal or nonmetallic poles shall be permitted to be used to 
support luminaires and as a raceway to enclose supply con¬ 
ductors, provided the following conditions are met: 

(1) A pole shall have a handhole not less than 50 mm x 
100 mm (2 in. x 4 in.) with a cover suitable for use in 
wet locations to provide access to the supply termina¬ 
tions within the pole or pole base. 


Exception 
2.5 rMfi) 



1: No handhole shall be required in a pole 
|v.y in height abovegrade where the supply 


g method continues without splice or pull point, and 
the interior o f the pole and any splices are accessible 
ng the luminaire. 

No. 2: No handhole shall be required in a pole 
(20 ft) or less in height abovegrade that is provided 
hged base. 

here raceway risers or cable is not installed within 
e pole, a threaded fitting or nipple shall be brazed, 
welded, or attached to the pole opposite the handhole 
for the supply connection. 

A metal pole shall be provided with an equipment 
grounding terminal as follows: 

a. A pole with a handhole shall have the equipment 
grounding terminal accessible from the handhole. 

b. A pole with a hinged base shall have the equipment 
grounding terminal accessible within the base. 

Exception to (3): No grounding terminal shall be required 
in a pole 2.5 m (8 ft) or less in height abovegrade where the 
supply wiring method continues without splice or pull, and 
where the interior of the pole and any splices are accessible 
by removing the luminaire. 


(A) Independent of the Outlet Box. Electric-discharge 
and LED luminaires supported independently of the outlet 
box shall be connected to the branch circuit through metal 
raceway, nonmetallic raceway, Type MC cable, Type AC 
cable, Type MI cable, nonmetallic sheathed cable, or by 
flexible cord as permitted in 410.62(B) or 410.62(C). 

(B) Access to Boxes. Electric-discharge and LED lumi¬ 
naires surface mounted over concealed outlet, pull, or junc¬ 
tion boxes and designed not to be supported solely by the 
outlet box shall be provided with suitable openings in the 
back of the luminaire to provide access to the wiring in the 
box. 


(4) A metal pole with a hinged base shall have the hinged 
base and pole bonded together. 

(5) Metal raceways or other equipment grounding conduc¬ 
tors shall be bonded to the metal pole with an equip¬ 
ment grounding conductor recognized by 250.118 and 
sized in accordance with 250.122. 

(6) Conductors in vertical poles used as raceway shall be 
supported as provided in 300.19. 

410.36 Means of Support. 

(A) Outlet Boxes. Outlet boxes or fittings installed as re¬ 
quired by 314.23 and complying with the provisions of 
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314.27(A)(1) and 314.27(A)(2) shall be permitted to sup¬ 
port luminaires. 

(B) Suspended Ceilings. Framing members of suspended 
ceiling systems used to support luminaires shall be securely 
fastened to each other and shall be securely attached to the 
building structure at appropriate intervals. Luminaires shall 
be securely fastened to the ceiling framing member by me¬ 
chanical means such as bolts, screws, or rivets. Listed clips 
identified for use with the type of ceiling framing mem¬ 
bers) and luminaire(s) shall also be permitted. 


Exception No. 1: Luminaires made of insulating material 
that is directly wired or attached to outlets supplied by a 
wiring method that does not provide a ready means for 
grounding attachment to an equipment grounding conduc¬ 
tor shall be made of insulating material and shall have no 
exposed conductive parts. 

Exception No. 2: Replacement luminaires shall be permit¬ 
ted to connect an equipment grounding conductor from the 
outlet in compliance with 250.130(C). The luminaire shall 
then comply with 410.42. 


(C) Luminaire Studs. Luminaire studs that are not a part 
of outlet boxes, hickeys, tripods, and crowfeet shall be 
made of steel, malleable iron, or other material suitable for 
the application. 

(D) Insulating Joints. Insulating joints that are not de¬ 
signed to be mounted with screws or bolts shall have an 
exterior metal casing, insulated from both screw connec¬ 
tions. 

(E) Raceway Fittings. Raceway fittings used to support a 
luminaire(s) shall be capable of supporting the weight of 
the complete fixture assembly and lamp(s). 

(F) Busways. Luminaires shall be permitted to be con¬ 
nected to busways in accordance with 368.17(C). 


Exception No. 3: Where no equipment grounding conduc¬ 
tor exists at the outlet, replacement luminaires that are 
GFCI protected shall not be required to be connected to an 
equipment grounding conductor. 


410.46 Equipme 

Luminaires wi 
a means for 
for such 


(G) Trees. Outdoor luminaires and associate; 
shall be permitted to be supported by trees 

Informational Note No. 1: See 225.26 for res^icti 
support of overhead conductors. 

Informational Note No. 2: See 
conductors. 


V. Grounding 

410.40 General. Luminaires and lighting^equipment shall 
be grounded as required in Article 250 and Part V of this 
article. 

410.42 Luminaire(s) with Exposed Conductive Parts. 

Exposed metal parts shall be connected to an equipment 
grounding conductor or insulated from the equipment 
grounding conductor and other conducting surfaces or be 
inaccessible to unqualified personnel. Lamp tie wires, 
mounting screws, clips, and decorative bands on glass 
spaced at least 38 mm (IV 2 in.) from lamp terminals shall 
not be required to be grounded. 

410.44 Methods of Grounding. Luminaires and equip¬ 
ment shall be mechanically connected to an equipment 
grounding conductor as specified in 250.118 and sized in 
accordance with 250.122. 



rounding Conductor Attachment. 

>osed metal parts shall be provided with 
necting an equipment grounding conductor 
lnaires. 


inaire Wiring — General. Wiring on or 
shall be neatly arranged and shall not be 
.ysical damage. Excess wiring shall be 
ductors shall be arranged so that they are not 
fjected lo temperatures above those for which they are 
ted. 

.50 Polarization of Luminaires. Luminaires shall be 
wired so that the screw shells of lampholders are connected 
to the same luminaire or circuit conductor or terminal. The 
grounded conductor, where connected to a screw shell lam¬ 
pholder, shall be connected to the screw shell. 

410.52 Conductor Insulation. Luminaires shall be wired 
with conductors having insulation suitable for the environ¬ 
mental conditions, current, voltage, and temperature to 
which the conductors will be subjected. 

Informational Note: For ampacity of fixture wire, maxi¬ 
mum operating temperature, voltage limitations, minimum 
wire size, and other information, see Article 402. [ROP 
18-72a] 

410.54 Pendant Conductors for Incandescent Filament 
Lamps. 

(A) Support. Pendant lampholders with permanently at¬ 
tached leads, where used for other than festoon wiring, 
shall be hung from separate stranded rubber-covered con¬ 
ductors that are soldered directly to the circuit conductors 
but supported independently thereof. 

(B) Size. Unless part of listed decorative lighting assem¬ 
blies, pendant conductors shall not be smaller than 14 AWG 
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for mogul-base or medium-base screw shell lampholders or 
smaller than 18 AWG for intermediate or candelabra-base 
lampholders. 

(C) Twisted or Cabled. Pendant conductors longer than 
900 mm (3 ft) shall be twisted together where not cabled in 
a listed assembly. 

410.56 Protection of Conductors and Insulation. 

(A) Properly Secured. Conductors shall be secured in a 
manner that does not tend to cut or abrade the insulation. 


(C) Support. Flexible cords shall be secured to the under¬ 
sides of showcases such that all of the following conditions 
are ensured: 

(1) The wiring is not exposed to physical damage. 

(2) The separation between cases is not in excess of 50 mm 
(2 in.), or more than 300 mm (12 in.) between the first 
case and the supply receptacle. 

(3) The free lead at the end of a group of showcases has a 
female fitting not extending beyond the case. 

(D) No Other Equipment. Equipment other than show¬ 
cases shall not be electrically connected to showcases. 


(B) Protection Through Metal. Conductor insulation 
shall be protected from abrasion where it passes through 
metal. 

(C) Luminaire Stems. Splices and taps shall not be lo¬ 
cated within luminaire arms or stems. 

(D) Splices and Taps. No unnecessary splices or taps shall 
be made within or on a luminaire. 

Informational Note: For approved means of making con¬ 
nections, see 110.14. 


(E) Stranding. Stranded conductors shall be used fo 
ing on luminaire chains and on other movable or fie 
parts. 

(F) Tension. Conductors shall be 
weight of the luminaire or movable 
sion on the conductors. 


410.59 Cord-Connected Showcases. Individual show¬ 
cases, other than fixed, snail be permitted fo be connected 
by flexible cord to permanently installed receptacles, and 
groups of not more than six such showcases shall be per¬ 
mitted to be coupled together by flexible cord and separable 
locking-type connectors with one of the group connected 
by flexible cord to a permanently installed receptacle. 

The installation shall comply with 410.59(A) through 
(E). 



(E) Secondary Circuit(s). Where showcases are cord- 
connected, the secondary circuit(s) of each electric- 
discharge lighting ballast shall be limited to one showcase. 


410j 




nnected Lampholders and Luminaires. 


Lampholders. Where a metal lampholder is attached 
jble cord, the inlet shall be equipped with an insu- 
shing that, if threaded, is not smaller than metric 
ator 12 (trade size %) pipe size. The cord hole shall 
size appropriate for the cord, and all burrs and fins 
removed in order to provide a smooth bearing 
or the cord. 

ushing having holes 7 mm (%2 in.) in diameter shall 
be permitted for use with plain pendant cord and holes 11 
mm ( 13 /32 in.) in diameter with reinforced cord. 

(B) Adjustable Luminaires. Luminaires that require ad¬ 
justing or aiming after installation shall not be required to 
be equipped with an attachment plug or cord connector, 
provided the exposed cord is of the hard-usage or extra- 
hard-usage type and is not longer than that required for 
maximum adjustment. The cord shall not be subject to 
strain or physical damage. 

(C) Electric-Discharge and LED Luminaires. 

(1) Cord-Connected Installation. A luminaire or a listed 
assembly shall be permitted to be cord connected if the 
following conditions apply: 


(A) Cord Requirements. Flexible cord shall be of the 
hard-service type, having conductors not smaller than the 
branch-circuit conductors, having ampacity at least equal to 
the branch-circuit overcurrent device, and having an equip¬ 
ment grounding conductor. 

Informational Note: See Table 250.122 for size of equip¬ 
ment grounding conductor. 

(B) Receptacles, Connectors, and Attachment Plugs. 

Receptacles, connectors, and attachment plugs shall be of a 
listed grounding type rated 15 or 20 amperes. 


(1) The luminaire is located directly below the outlet or 

busway. 

(2) The flexible cord meets all the following: 

a. Is visible for its entire length outside the luminaire 

b. Is not subject to strain or physical damage 

c. Is terminated in a grounding-type attachment plug 
cap or busway plug, or is a part of a listed assembly 
incorporating a manufactured wiring system con¬ 
nector in accordance with 604.6(C), or has a lumi¬ 
naire assembly with a strain relief and canopy hav¬ 
ing a maximum 152 mm (6 in.) long section of 
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raceway for attachment to an outlet box above a 
suspended ceiling 

(2) Provided with Mogul-Base, Screw Shell Lamphold¬ 
ers. Electric-discharge luminaires provided with mogul- 
base, screw shell lampholders shall be permitted to be con¬ 
nected to branch circuits of 50 amperes or less by cords 
complying with 240.5. Receptacles and attachment plugs 
shall be permitted to be of a lower ampere rating than the 
branch circuit but not less than 125 percent of the luminaire 
full-load current. 

(3) Equipped with Flanged Surface Inlet. Electric- 
discharge luminaires equipped with a flanged surface inlet 
shall be permitted to be supplied by cord pendants 
equipped with cord connectors. Inlets and connectors shall 
be permitted to be of a lower ampere rating than the branch 
circuit but not less than 125 percent of the luminaire load 
current. 

410.64 Luminaires as Raceways. Luminaires shall not be 
used as a raceway for circuit conductors unless they com¬ 
ply with 410.64(A), (B), or (C). 

(A) Listed. Luminaires listed and marked for use as a race 
way shall be permitted to be used as a raceway. 


(B) Through-Wiring. Luminaires identified for through 
wiring, as permitted by 410.21, shall be permitted to\be 
used as a raceway. 

(C) Luminaires Connected Together. 

signed for end-to-end connection to forni a contm 
sembly, or luminaires connected .together by ra 
wiring methods, shall be permitted to contain the 
tors of a 2-wire branch circuit, or one multiwire branch 
circuit, supplying the connected lurr|teaires and shall not be 
required to be listed as a raceway. Une. additional 2-wire 
branch circuit separately supplying oneofmore of the con¬ 
nected luminaires shall also be permitted. 


410.74 Luminaire Rating. 

(A) Marking. All luminaires shall be marked with the 
maximum lamp wattage or electrical rating, manufacturer’s 
name, trademark, or other suitable means of identification. 
A luminaire requiring supply wire rated higher than 60°C 
(140°F) shall be marked with the minimum supply wire 
temperature rating on the luminaire and shipping carton or 
equivalent. 

(B) Electrical Rating. The electrical rating shall include 
the voltage and frequency and shall indicate the current 
rating of the unit, including the ballast, transformer, LED 
driver, power supply, or autotransformer. 


410.82 Portable Luminaires. 


(A) General. 

ible cord rej 
the polari 

base I ami olders, the 




luminaires shall be wired with flex- 
400.4 and an attachment plug of 
type. Where used with Edison- 
ded conductor shall be identi- 


attached to the sere 
ttachment plug. 


shell and the identified blade 


,e Handlamps. In addition to the provisions of 
able handlamps shall comply with the fol- 


ell, paper-lined lampholders shall not be used. 

) Handlamps shall be equipped with a handle of molded 
composition or other insulating material. 

Handlamps shall be equipped with a substantial guard 
attached to the lampholder or handle. 

(4) Metallic guards shall be grounded by means of an 
equipment grounding conductor run with circuit con¬ 
ductors within the power-supply cord. 

(5) Portable handlamps shall not be required to be 
grounded where supplied through an isolating trans¬ 
former with an ungrounded secondary of not over 50 
volts. 


Informational Note: See Article 100 for the definition of 
Multiwire Branch Circuit. 

410.68 Feeder and Branch-Circuit Conductors and Bal¬ 
lasts. Feeder and branch-circuit conductors within 75 mm 
(3 in.) of a ballast, LED driver, power supply, or trans¬ 
former shall have an insulation temperature rating not 
lower than 90°C (194°F), unless supplying a luminaire 
marked as suitable for a different insulation temperature. 

VII. Construction of Luminaires 

410.70 Combustible Shades and Enclosures. Adequate 
airspace shall be provided between lamps and shades or 
other enclosures of combustible material. 


410.84 Cord Bushings. A bushing or the equivalent shall 
be provided where flexible cord enters the base or stem of a 
portable luminaire. The bushing shall be of insulating ma¬ 
terial unless a jacketed type of cord is used. 

VIII. Installation of Lampholders 

410.90 Screw Shell Type. Lampholders of the screw shell 
type shall be installed for use as lampholders only. Where 
supplied by a circuit having a grounded conductor, the 
grounded conductor shall be connected to the screw shell. 

410.93 Double-Pole Switched Lampholders. Where sup¬ 
plied by the ungrounded conductors of a circuit, the switch- 
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ing device of lampholders of the switched type shall simul¬ 
taneously disconnect both conductors of the circuit. 

410.96 Lampholders in Wet or Damp Locations. Lam¬ 
pholders installed in wet locations shall be listed for use in 
wet locations. Lampholders installed in damp locations 
shall be listed for damp locations or shall be listed for wet 
locations. 


Exception No. 1: Thermal protection shall not be required 
in a recessed luminaire identified for use and installed in 
poured concrete. 

Exception No. 2: Thermal protection shall not be required 
in a recessed luminaire whose design, construction, and 
thermal performance characteristics are equivalent to a 
thermally protected luminaire and are identified as inher¬ 
ently protected. 


410.97 Lampholders Near Combustible Material. Lam¬ 
pholders shall be constructed, installed, or equipped with 
shades or guards so that combustible material is not sub¬ 
jected to temperatures in excess of 90°C (194°F). 

IX. Lamps and Auxiliary Equipment 

410.103 Bases, Incandescent Lamps. An incandescent 
lamp for general use on lighting branch circuits shall not be 
equipped with a medium base if rated over 300 watts, or 
with a mogul base if rated over 1500 watts. Special bases or 
other devices shall be used for over 1500 watts. 


410.104 Electric-Discharge 
ment. 


Lamp Auxiliary Equip- 


(A) Enclosures. Auxiliary equipment for el' 
discharge lamps shall be enclosed in noncombustible 
and treated as sources of heat. 


(B) Switching. Where supplied by the ungrounded coi 
ductors of a circuit, the switching device of auxili; 
ment shall simultaneously disconnect ml conductors. 



X. Special Provisions fq 
Luminaires 


lush and 


410.110 General. Luminaires 
in walls or ceilings, including%$ 
comply with 410.115 through 410.1 


recessed cavities 
led ceilings, shall 


410.116 Clearance and Installation. 

(A) Clearance. 

(1) Non-Type IC. A recessed luminaire that is not identi¬ 
fied for contact with insulation shall have all recessed parts 
spaced not less than 13 mm (Vi in.) from combustible ma¬ 
terials. The pdmts of support and the trim finishing off the 
openings in the ceiling, wall, or other finished surface shall 
be permitted to be in contact with combustible materials. 

pe IC. ^ recessed luminaire that is identified for 
ritact with insulanWt, Type IC, shall be permitted to be in 
contact with combustible materials at recessed parts, points 
ort, and portions passing through or finishing off the 
rig in the building structure. 

llation. Thermal insulation shall not be installed 
a recessed luminaire or within 75 mm (3 in.) of the 
recessed luminaire’s enclosure, wiring compartment, bal¬ 
last, transformer, LED driver, or power supply unless the 
luminaire is identified as Type IC for insulation contact. 

410.117 Wiring. 

(A) General. Conductors that have insulation suitable for 
the temperature encountered shall be used. 

(B) Circuit Conductors. Branch-circuit conductors that 
have an insulation suitable for the temperature encountered 
shall be permitted to terminate in the luminaire. 


410.115 Temperature. 

(A) Combustible Material. Luminaires shall be installed 
so that adjacent combustible material will not be subjected 
to temperatures in excess of 90°C (194°F). 

(B) Fire-Resistant Construction. Where a luminaire is re¬ 
cessed in fire-resistant material in a building of fire- 
resistant construction, a temperature higher than 90°C 
(194°F) but not higher than 150°C (302°F) shall be consid¬ 
ered acceptable if the luminaire is plainly marked for that 
service. 

(C) Recessed Incandescent Luminaires. Incandescent lu¬ 
minaires shall have thermal protection and shall be identi¬ 
fied as thermally protected. 


(C) Tap Conductors. Tap conductors of a type suitable for 
the temperature encountered shall be permitted to run from 
the luminaire terminal connection to an outlet box placed at 
least 300 mm (1 ft) from the luminaire. Such tap conduc¬ 
tors shall be in suitable raceway or Type AC or MC cable 
of at least 450 mm (18 in.) but not more than 1.8 m (6 ft) in 
length. 

XI. Construction of Flush and Recessed Luminaires 

410.118 Temperature. Luminaires shall be constructed 
such that adjacent combustible material is not subject to 
temperatures in excess of 90°C (194°F). 

410.120 Lamp Wattage Marking. Incandescent lamp lu¬ 
minaires shall be marked to indicate the maximum allow- 
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able wattage of lamps. The markings shall be permanently 
installed, in letters at least 6 mm (14 in.) high, and shall be 
located where visible during relamping. 

410.121 Solder Prohibited. No solder shall be used in the 
construction of a luminaire recessed housing. 

410.122 Lampholders. Lampholders of the screw shell 
type shall be of porcelain or other suitable insulating mate¬ 
rials. 


(2) Inherently Protected. Thermal protection shall not be 
required in a recessed high-intensity luminaire whose de¬ 
sign, construction, and thermal performance characteristics 
are equivalent to a thermally protected luminaire and are 
identified as inherently protected. 

(3) Installed in Poured Concrete. Thermal protection 
shall not be required in a recessed high-intensity discharge 
luminaire identified for use and installed in poured con¬ 
crete. 


XII. Special Provisions for Electric-Discharge Lighting 
Systems of 1000 Volts or Less 

410.130 General. 

(A) Open-Circuit Voltage of 1000 Volts or Less. Equip¬ 
ment for use with electric-discharge lighting systems and 
designed for an open-circuit voltage of 1000 volts or less 
shall be of a type identified for such service. 

(B) Considered as Energized. The terminals of an 
electric-discharge lamp shall be considered as energized 
where any lamp terminal is connected to a circuit of over 
300 volts. 


(C) Transformers of the Oil-Filled Type. Transformers 
of the oil-filled type shall not be used. 

(D) Additional Requirements. In additio 
with the general requirements for luminaires, 
ment shall comply with Part XII of this artic 


(E) Thermal Protection — Flui 

(1) Integral Thermal Protection. The ballast i 
cent luminaire installed indoors shall have i rites 
protection. Replacement ballasts shall ajscy 
protection integral with the ballast. 



fluores- 
1 thermal 
e thermal 


(2) Simple Reactance Ballasts. A simple reactance ballast 
in a fluorescent luminaire with straight tubular lamps shall 
not be required to be thermally protected. 


(4) Recessed Remote Ballasts. A recessed remote ballast 
for a high-intensity discharge luminaire shall have thermal 
protection that is integral with the ballast and shall be iden¬ 
tified as thermally protected. 


(5) Metal Halide 

use a metal 
reflector lamp 
barrier tha 



ip Containment. Luminaires that 
lamp other than a thick-glass parabolic 
shall be provided with a containment 
lamp, or shall be provided with a 


ans that only allows the use of a lamp that is 


Note: See ANSI Standard C78.389, Ameri- 
al Standard for Electric Lamps — High Intensity 
Methods of Measuring Characteristics. 

ing Means. 

General. In indoor locations other than dwellings and 
sociated accessory structures, fluorescent luminaires that 
ize double-ended lamps and contain ballast(s) that can 
serviced in place shall have a disconnecting means ei¬ 
ther internal or external to each luminaire. For existing 
installed luminaires without disconnecting means, at the 
time a ballast is replaced, a disconnecting means shall be 
installed. The line side terminals of the disconnecting 
means shall be guarded. 

Exception No. 1: A disconnecting means shall not be re¬ 
quired for luminaires installed in hazardous (classified) 
location(s). 

Exception No. 2: A disconnecting means shall not be re¬ 
quired for emergency illumination required in 700.16. 


(3) Exit Luminaires. A ballast in a fluorescent exit lumi¬ 
naire shall not have thermal protection. 

(4) Egress Luminaires. A ballast in a fluorescent lumi¬ 
naire that is used for egress lighting and energized only 
during a failure of the normal supply shall not have thermal 
protection. 

(F) High-Intensity Discharge Luminaires. 


Exception No. 3: For cord-and-plug-connected lumi¬ 
naires, an accessible separable connector or an accessible 
plug and receptacle shall be permitted to serve as the dis¬ 
connecting means. 

Exception No. 4: A disconnecting means shall not be re¬ 
quired in itidustrial establishments with restricted public 
access where conditions of maintenance and supervision 
ensure that only qualified persons service the installation 
by written procedures. 


(1) Recessed. Recessed high-intensity luminaires designed 
to be installed in wall or ceiling cavities shall have thermal 
protection and be identified as thermally protected. 


Exception No. 5: Where more than one luminaire is in¬ 
stalled and supplied by other than a multiwire branch cir¬ 
cuit, a disconnecting means shall not be required for every 
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luminaire when the design of the installation includes dis¬ 
connecting means, such that the illuminated space cannot 
be left in total darkness. 

(2) Multiwire Branch Circuits. When connected to mul¬ 
tiwire branch circuits, the disconnecting means shall simul¬ 
taneously break all the supply conductors to the ballast, 
including the grounded conductor. 

(3) Location. The disconnecting means shall be located so 
as to be accessible to qualified persons before servicing or 
maintaining the ballast. Where the disconnecting means is 
external to the luminaire, it shall be a single device, and 
shall be attached to the luminaire or the luminaire shall be 
located within sight of the disconnecting means. 

410.134 Direct-Current Equipment. Luminaires installed 
on dc circuits shall be equipped with auxiliary equipment 
and resistors designed for dc operation. The luminaires 
shall be marked for dc operation. 

410.135 Open-Circuit Voltage Exceeding 300 Volts. 

Equipment having an open-circuit voltage exceeding 300 
volts shall not be installed in dwelling occupancies unless 
such equipment is designed so that there will be no el 
live parts when lamps are being inserted, are in pi a? 
are being removed. 

410.136 Luminaire Mounting. 

(A) Exposed Components. Luniinaifes that nave expose 
ballasts, transformers, LED drivers, or powcirsupplies shall 
be installed such that ballasts, transformers, LED drivers, 
or power supplies shall not be in contact with combustible 
material unless listed foksuch condition. 

(B) Combustible Low-Density Cellulose Fiberboard. 

Where a surface-mounted luminaire containing a ballast, 
transformer, LED driver, or power^Ipply is to be installed 
on combustible low-density cellulose fiberboard, it shall be 
marked for this condition or shall be spaced not less than 
38 mm (IV 2 in.) from the surface of the fiberboard. Where 
such luminaires are partially or wholly recessed, the provi¬ 
sions of 410.110 through 410.122 shall apply. 


410.137 Equipment Not Integral with Luminaire. 

(A) Metal Cabinets. Auxiliary equipment, including reac¬ 
tors, capacitors, resistors, and similar equipment, where not 
installed as part of a luminaire assembly, shall be enclosed 
in accessible, permanently installed metal cabinets. 

(B) Separate Mounting. Separately mounted ballasts, 
transformers, LED drivers, or power supplies that are listed 
for direct connection to a wiring system shall not be re¬ 
quired to be additionally enclosed. 

(C) Wired Luminaire Sections. Wired luminaire sections 
are paired, with a ballast(s) supplying a lamp or lamps in 
both. For interconnection between paired units, it shall be 
permissible to use metric designator 12 (trade size Vs) flex¬ 
ible metal conduit in lengths not exceeding 7.5 m (25 ft), in 
conformanceTwith Article 348. Luminaire wire operating at 
line voltage, supplying only the ballast(s) of one of the 

Tuminaires shall be permitted in the same raceway as 
Tamp supply wires of the paired luminaires. 

Autotransformers. An autotransformer that is 
o raise the voltage to more than 300 volts, as part of 
for supplying lighting units, shall be supplied only 
nded system. 

09 Switches. Snap switches shall comply with 
404.14. 


XIII. Special Provisions for Electric-Discharge 
Lighting Systems of More Than 1000 Volts 

410.140 General. 

(A) Listing. Electric-discharge lighting systems with an 
open-circuit voltage exceeding 1000 volts shall be listed 
and installed in conformance with that listing. 

(B) Dwelling Occupancies. Equipment that has an open- 
circuit voltage exceeding 1000 volts shall not be installed 
in or on dwelling occupancies. 

(C) Live Parts. The terminal of an electric-discharge lamp 
shall be considered as a live part. 



Informational Note: Combustible low-density cellulose fi¬ 
berboard includes sheets, panels, and tiles that have a den¬ 
sity of 320 kg/m 3 (20 lb/ft 3 ) or less and that are formed of 
bonded plant fiber material but does not include solid or 
laminated wood or fiberboard that has a density in excess of 
320 kg/m 3 (20 lb/ft 3 ) or is a material that has been inte¬ 
grally treated with fire-retarding chemicals to the degree 
that the flame spread index in any plane of the material will 
not exceed 25, determined in accordance with tests for sur¬ 
face burning characteristics of building materials. See 
ANSI/ASTM E84-201 lb, Test Method for Surface Burning 
Characteristics of Building Materials. [ROP 18-81] 


(D) Additional Requirements. In addition to complying 
with the general requirements for luminaires, such equip¬ 
ment shall comply with Part XIII of this article. 

Informational Note: For signs and outline lighting, see 
Article 600. 

410.141 Control. 

(A) Disconnection. Luminaires or lamp installation shall 
be controlled either singly or in groups by an externally 
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operable switch or circuit breaker that opens all un¬ 
grounded primary conductors. 


XIV. Lighting Track 
410.151 Installation. 


(B) Within Sight or Locked Type. The switch or circuit 
breaker shall be located within sight from the luminaires or 
lamps, or it shall be permitted to be located elsewhere if it 
is lockable in accordance with 110.25. [ROP 18-83] 

410.142 Lamp Terminals and Lampholders. Parts that 
must be removed for lamp replacement shall be hinged or 
held captive. Lamps or lampholders shall be designed so 
that there are no exposed live parts when lamps are being 
inserted or removed. 

410.143 Transformers. 

(A) Type. Transformers shall be enclosed, identified for 
the use, and listed. 

(B) Voltage. The secondary circuit voltage shall not ex¬ 
ceed 15,000 volts, nominal, under any load condition. The 
voltage to ground of any output terminals of the secondary 
circuit shall not exceed 7500 volts under any load condi¬ 
tions. 

(C) Rating. Transformers shall have a secondary short- 
circuit current rating of not more than 150 mA if the open- 
circuit voltage is over 7500 volts, and not more tha 
mA if the open-circuit voltage rating is 7500 vc 

(D) Secondary Connections. Secondary c 
shall not be connected in parallel or in serie; 

410.144 Transformer Locations;, 

(A) Accessible. Transformers 
stallation. 

(B) Secondary Conductors. Transfol^isgj/^hall be in¬ 
stalled as near to the lamps as practicable to keep the sec¬ 
ondary conductors as short as possible. 

(C) Adjacent to Combustible Materials. Transformers 
shall be located so that adjacent combustible materials are 
not subjected to temperatures in excess of 90°C (194°F). 

410.145 Exposure to Damage. Lamps shall not be located 
where normally exposed to physical damage. 

410.146 Marking. Each luminaire or each secondary cir¬ 
cuit of tubing having an open-circuit voltage of over 1000 
volts shall have a clearly legible marking in letters not less 

than 6 mm (Vi in.) high reading “Caution_volts.” The 

voltage indicated shall be the rated open-circuit voltage. 
The caution sign(s) or label(s) shall comply with 
110.21(B). [ROP 18-84] 


(A) Lighting Track. Lighting track shall be permanently 
installed and permanently connected to a branch circuit. 
Only lighting track fittings shall be installed on lighting 
track. Lighting track fittings shall not be equipped with 
general-purpose receptacles. 

(B) Connected Load. The connected load on lighting 
track shall not exceed the rating of the track. Lighting track 
shall be supplied by a branch circuit having a rating not 
more than that of the track. The load calculation in 
220.43(B) does not limit the length of track on a single 
branch circuit, and it does not limit the number of lumi¬ 
naires on a single track. [ROP 18-84a] 


(C) Locations 

installed in tl 

(1) When 

(2) In )r damp 



'ermitted. Lighting track shall not be 
ing locations: 

bjected to physical damage 
ons 


loc 



(3) -Where subject to corrd§TVe vapors 

(4) 'wfeitorage battery rooms 

(5) In hazardous (classified) locations 
Where^ Concealed 

nded through walls or partitions 
n 1.5 m (5 ft) above the finished floor except 
where protected from physical damage or track operat¬ 
ing at less than 30 volts rms open-circuit voltage 
Where prohibited by 410.10(D) 


(D) Support. Fittings identified for use on lighting track 
shall be designed specifically for the track on which they 
are to be installed. They shall be securely fastened to the 
track, shall maintain polarization and connections to the 
equipment grounding conductor, and shall be designed to 
be suspended directly from the track. 

410.153 Heavy-Duty Lighting Track. Heavy-duty light¬ 
ing track is lighting track identified for use exceeding 20 
amperes. Each fitting attached to a heavy-duty lighting 
track shall have individual overcurrent protection. 

410.154 Fastening. Lighting track shall be securely 
mounted so that each fastening is suitable for supporting 
the maximum weight of luminaires that can be installed. 
Unless identified for supports at greater intervals, a single 
section 1.2 m (4 ft) or shorter in length shall have two 
supports, and, where installed in a continuous row, each 
individual section of not more than 1.2 m (4 ft) in length 
shall have one additional support. 

410.155 Construction Requirements. 

(A) Construction. The housing for the lighting track sys¬ 
tem shall be of substantial construction to maintain rigidity. 
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The conductors shall be installed within the track housing, 
permitting insertion of a luminaire, and designed to prevent 
tampering and accidental contact with live parts. Compo¬ 
nents of lighting track systems of different voltages shall 
not be interchangeable. The track conductors shall be a 
minimum 12 AWG or equal and shall be copper. The track 
system ends shall be insulated and capped. 

(B) Grounding. Lighting track shall be grounded in accor¬ 
dance with Article 250, and the track sections shall be se¬ 
curely coupled to maintain continuity of the circuitry, po¬ 
larization, and grounding throughout. 

XY. Decorative Lighting and Similar Accessories 


(A) Listed System. Lighting systems operating at 30 volts 
or less shall be listed as a complete system. The luminaires, 
power supply, and luminaire fittings (including the exposed 
bare conductors) of an exposed bare conductor lighting sys¬ 
tem shall be listed for the use as part of the same identified 
lighting system. 

(B) Assembly of Listed Parts. A lighting system as¬ 
sembled from the following listed parts shall be permitted: 

(1) Low-voltage luminaires 

(2) Low-voltage luminaire power supply [ROP 18-85] 

(3) Low-voltage luminaire fittings 

(4) Cord (secondary circuit) for which the luminaires and 
power supply are listed for use 


410.160 Listing of Decorative Lighting. Decorative light¬ 
ing and similar accessories used for holiday lighting and 
similar purposes, in accordance with 590.3(B), shall be 
listed. 


ARTICLE 411 
Lighting Systems Operating at 30 Vo! 
or Less and Lighting Equipment 
Connected to Class-2 Power Sources 


[ROP 18-85] 

411.1 Scope. This article covers ligti 
at 30 volts or less and their associated 
article also covers lighting equipment cS 
2 power source. [ROP IS 

411.2 Definitions. 




s operating 
nts. This 
a Class 


Lighting Equipment Connected to Class 2 Power 
Sources. Lighting equipment marked for connection to a 
Class 2 power source rated in conformance with Chapter 9 
Table 11(A) or 11(B). [ROP 18-85] 


(5) Cable, conductors in conduit, or other fixed wiring 
method for the secondary circuit 

The luminaires, power supply, and luminaire fittings 
(ini^uMng the exposed bare conductors) of an exposed bare 
uctor lighting system shall be listed for use as part of 
e same identified lighting system. 

pecific Location Requirements. 

(A) ., Walls, Floors, and Ceilings. Conductors concealed or 
xtenafenhrough a wall, floor, or ceiling shall be in accor- 

with (1) or (2): 

(1) Installed using any of the wiring methods specified in 
Chapter 3 

(2) Installed using wiring supplied by a listed Class 2 
power source and installed in accordance with 725.130 

(B) Pools, Spas, Fountains, and Similar Locations. 

Lighting systems shall be installed not less than 3 m (10 ft) 
horizontally from the nearest edge of the water, unless per¬ 
mitted by Article 680. 

411.5 Secondary Circuits. 

(A) Grounding. Secondary circuits shall not be grounded. 

(B) Isolation. The secondary circuit shall be insulated 
from the branch circuit by an isolating transformer. 


Lighting Systems Operating at 30 Volts or Less. A light¬ 
ing system consisting of an isolating power supply, the 
low-voltage luminaires, and associated equipment that are 
all identified for the use. The output circuits of the power 
supply are rated for not more than 25 amperes and operate 
at 30 volts (42.4 volts peak) or less under all load condi¬ 
tions. 

411.3 Listing Required. Lighting systems operating at 30 
volts or less shall comply with 411.3(A) or 411.3(B). Class 
2 power sources and lighting equipment connected to Class 
2 power sources shall be listed. [ROP 18-85] 


(C) Bare Conductors. Exposed bare conductors and 
current-carrying parts shall be permitted for indoor instal¬ 
lations only. Bare conductors shall not be installed less than 
2.1 m (7 ft) above the finished floor, unless specifically 
listed for a lower installation height. 

(D) Insulated Conductors. Exposed insulated secondary 
circuit conductors shall be of the type, and installed as, 
described in (1), (2), or (3): 

(1) Class 2 cable supplied by a Class 2 power source and 
installed in accordance with Parts I and III of Article 
725. 
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(2) Conductors, cord, or cable of the listed system and 
installed not less than 2.1 m (7 ft) above the finished 
floor unless the system is specifically listed for a lower 
installation height. 

(3) Wiring methods described in Chapter 3 

411.6 Branch Circuit. Lighting systems covered by this 
article shall be supplied from a maximum 20-ampere 
branch circuit. [ROP 18-85] 

411.7 Hazardous (Classified) Locations. Where installed 
in hazardous (classified) locations, these systems shall con¬ 
form with Articles 500 through 517 in addition to this ar¬ 
ticle. 


422.4 Live Parts. Appliances shall have no live parts nor¬ 
mally exposed to contact other than those parts functioning 
as open-resistance heating elements, such as the heating 
element of a toaster, which are necessarily exposed. 

422.5 Ground-Fault Circuit-Interrupter (GFCI) Pro¬ 
tection. The device providing GFCI protection required in 
this Article shall be readily accessible. [ROP 17-19] 

II. Installation 

422.10 Branch-Circuit Rating. This section specifies the 
ratings of branch circuits capable of carrying appliance cur¬ 
rent without overheating under the conditions specified. 


ARTICLE 422 
Appliances 


I. General 

422.1 Scope. This article covers electrical appliances used 
in any occupancy. 

422.2 Definition. 

Portable (as applied to ground-fault circuit interrupter 
protection). Indicating that the ground-fauk circuit inter¬ 
rupter is intended to protect personnel from fadt current to 
ground on equipment or circuits supplied by plug-and-cord- 
connections or by temporary wiring installations wid addi¬ 
tionally functions to de-energize a circuit or portion thereof 
when one or more of the following defects occurs: [ROP 
17-18a] 

(1) The grounded conductor to the power supply’is opened; 

(2) The grounded conductor is transpjsed with an un¬ 
grounded conductor to the power supply; 



tinuo 
not be 1 


(A) Individual Circuits. The rating of an individual 
branch circuit shall not be less than the marked rating of the 
appliance or the marked rating of an appliance having com¬ 
bined loads aspprovided in 422.62. 

The rating of an individual branch circuit for motor- 
operated appliances not having a marked rating shall be in 
accordance wilh Part II of Article 430. 

circuit rating for an appliance that is a con- 
other than a motor-operated appliance, shall 
an 125 percent of the marked rating, or not 
prcent of the marked rating if the branch- 
c 'and its assembly are listed for continuous 
ling afTOO percent of its rating. 

Branch circuits and branch-circuit conductors for 
nusehold ranges and cooking appliances shall be permit- 
tS0 to be in accordance with Table 220.55 and shall be 
sized in accordance with 210.19(A)(3). 

(B) Circuits Supplying Two or More Loads. For branch 
circuits supplying appliance and other loads, the rating 
shall be determined in accordance with 210.23. 

422.11 Overcurrent Protection. Appliances shall be pro¬ 
tected against overcurrent in accordance with 422.11(A) 
through (G) and 422.10. 


(3) One of the ungrounded conductors to the power supply 
on a polyphase system or on a single-phase, 3-wire 
system is opened. 

Vending Machine. Any self-service device that dispenses 
products or merchandise without the necessity of replenish¬ 
ing the device between each vending operation and is de¬ 
signed to require insertion of coin, paper currency, token, 
card, key, or receipt of payment by other means. 

422.3 Other Articles. The requirements of Article 430 
shall apply to the installation of motor-operated appliances, 
and the requirements of Article 440 shall apply to the in¬ 
stallation of appliances containing a hermetic refrigerant 
motor-compressor(s), except as specifically amended in this 
article. 


(A) Branch-Circuit Overcurrent Protection. Branch cir¬ 
cuits shall be protected in accordance with 240.4. 

If a protective device rating is marked on an appliance, 
the branch-circuit overcurrent device rating shall not ex¬ 
ceed the protective device rating marked on the appliance. 

(B) Household-Type Appliances with Surface Heating 
Elements. Household-type appliances with surface heating 
elements having a maximum demand of more than 60 am¬ 
peres calculated in accordance with Table 220.55 shall have 
their power supply subdivided into two or more circuits, 
each of which shall be provided with overcurrent protection 
rated at not over 50 amperes. 

(C) Infrared Lamp Commercial and Industrial Heating 
Appliances. Infrared lamp commercial and industrial heat- 
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422.14 


mg appliances shall have overcurrent protection not ex- (3) Elements are contained within an ASME-rated and 
ceeding 50 amperes. stamped vessel. 


(D) Open-Coil or Exposed Sheathed-Coil Types of Sur¬ 
face Heating Elements in Commercial-Type Heating 
Appliances. Open-coil or exposed sheathed-coil types of 
surface heating elements in commercial-type heating appli¬ 
ances shall be protected by overcurrent protective devices 
rated at not over 50 amperes. 


(3) Water Heaters and Steam Boilers. Resistance-type 
immersion electric heating elements shall be permitted to 
be subdivided into circuits not exceeding 120 amperes and 
protected at not more than 150 amperes. [ROP 17-21] 

(1) Where contained in ASME rated and stamped vessels 

(2) Where included in listed instantaneous water heaters 


(E) Single Non-motor-Operated Appliance. If the 

branch circuit supplies a single non-motor-operated appli¬ 
ance, the rating of overcurrent protection shall comply with 
the following: 

(1) Not exceed that marked on the appliance. 

(2) Not exceed 20 amperes if the overcurrent protection 
rating is not marked and the appliance is rated 13.3 
amperes or less; or 

(3) Not exceed 150 percent of the appliance rated current if 
the overcurrent protection rating is not marked and the 
appliance is rated over 13.3 amperes. Where 150 per¬ 
cent of the appliance rating does not correspond to a 
standard overcurrent device ampere rating, the next 
higher standard rating shall be permitted. 


(F) Electric Heating Appliances Employing Resisi 
Type Heating Elements Rated More Than 48 Amp 



(1) Electric Heating Appliances. 

ances employing resistance-type 
more than 48 amperes, other than 
with surface heating elements covered 
commercial-type heating appliances 
shall have the heating elements subdiv 
vided load shall not exceed 48 amperes 
tected at not more than 

These supplementary overcurrcnt protective devices 
shall be (1) factory-installed within or on the heater enclo¬ 
sure or provided as a separate assembly by the heater 
manufacturer; (2) accessible; and (3) suitable for branch- 
circuit protection. 

The main conductors supplying these overcurrent pro¬ 
tective devices shall be considered branch-circuit conduc¬ 
tors. 


(3) Where installed in low-pressure water heater tanks or 
open-outlet water heater vessels 

Informational Note: Low-pressure and open-outlet heaters 
are atmospheric-pressure water heaters as defined in IEC 
60335-2-21 Household and similar electrical appliances - 
Safety - Particular requirements for storage water heaters. 

(G) Motor-Operated Appliances. Motors of motor- 
operated appliances shall be provided with overload protec- 
ee with Part III of Article 430. Hermetic 
erant motor-compressors in air-conditioning or refrig- 
equipment shall be provided with overload protec - 
ordance with Part VI of Article 440. Where ap- 
overcurrent protective devices that are separate 
the appliance are required, data for selection of these 
shall be marked on the appliance. The minimum 
hall be that specified in 430.7 and 440.4. 


2 Central Heating Equipment. Central heating 
equipment other than fixed electric space-heating equip¬ 
ment shall be supplied by an individual branch circuit. 

Exception No. 1: Auxiliary equipment, such as a pump, 
valve, humidifier, or electrostatic air cleaner directly asso¬ 
ciated with the heating equipment, shall be permitted to be 
connected to the same branch circuit. 

Exception No. 2: Permanently connected air-conditioning 
equipment shall be permitted to be connected to the same 
branch circuit. 

422.13 Storage-Type Water Heaters. A fixed storage- 
type water heater that has a capacity of 450 L (120 gal) or 
less shall be considered a continuous load for the purposes 
of sizing branch circuits. 

Informational Note: For branch-circuit rating, see 422.10. 


(2) Commercial Kitchen and Cooking Appliances. Com¬ 
mercial kitchen and cooking appliances using sheathed- 
type heating elements not covered in 422.11(D) shall be 
permitted to be subdivided into circuits not exceeding 120 
amperes and protected at not more than 150 amperes where 
one of the following is met: 

(1) Elements are integral with and enclosed within a cook¬ 
ing surface. 

(2) Elements are completely contained within an enclosure 
identified as suitable for this use. 


422.14 Infrared Lamp Industrial Heating Appliances. 

In industrial occupancies, infrared heating appliance lam¬ 
pholders shall be permitted to be operated in series on cir¬ 
cuits of over 150 volts to ground, provided the voltage 
rating of the lampholders is not less than the circuit voltage. 

Each section, panel, or strip carrying a number of infra¬ 
red lampholders (including the internal wiring of such sec¬ 
tion, panel, or strip) shall be considered an appliance. The 
terminal connection block of each such assembly shall be 
considered an individual outlet. 
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422.15 Central Vacuum Outlet Assemblies. 

(A) Listed central vacuum outlet assemblies shall be per¬ 
mitted to be connected to a branch circuit in accordance 
with 210.23(A). 

(B) The ampacity of the connecting conductors shall not be 
less than the ampacity of the branch circuit conductors to 
which they are connected. 

(C) Accessible non-current-carrying metal parts of the cen¬ 
tral vacuum outlet assembly likely to become energized 
shall be connected to an equipment grounding conductor in 
accordance with 250.110. Incidental metal parts such as 
screws or rivets installed into or on insulating material shall 
not be considered likely to become energized. 

422.16 Flexible Cords. 

(A) General. Flexible cord shall be permitted (1) for the 
connection of appliances to facilitate their frequent inter¬ 
change or to prevent the transmission of noise or vibration 
or (2) to facilitate the removal or disconnection of appli¬ 
ances that are fastened in place, where the fastening means 
and mechanical connections are specifically designed to 
permit ready removal for maintenance or repair and the 
appliance is intended or identified for flexible cord connec¬ 
tion. 

(B) Specific Appliances. 

(1) Electrically Operated In-Sink Wa: 

Electrically operated in-sink waste dispose 
mitted to be cord-and-plug-connected with 
identified as suitable in the install, 
appliance manufacturer, where 
tions are met: [ROP 17-23] 

(1) The flexible cord shall be ter: 
type attachment plug. 

Exception: A listed in-sink waste disfifser distinctly 
marked to identify it as protected by a system of double 
insulation, or its equivalent, shall not be required to be 
terminated with a grouncling-type attachment plug. [ROP 
17-23] 



(1) The flexible cord shall be terminated with a grounding- 
type attachment plug. 

Exception: A listed dishwasher or trash compactor dis¬ 
tinctly marked to identify it as protected by a system of 
double insulation, or its equivalent, shall not be required to 
be terminated with a grounding-type attachment plug. 

(2) The length of the cord shall be 0.9 m to 1.2 m (3 ft to 
4 ft) measured from the face of the attachment plug to 
the plane of the rear of the appliance. 

(3) Receptacles shall be located to avoid physical damage 
to the flexible cord. 

(4) The receptacle shall be located in the space occupied 
by the appliance or adjacent thereto. 

(5) The receptacle shall be accessible. 

(3) Wall-Mounted Ovens and Counter-Mounted Cook¬ 
ing Units. Wall-mounted ovens and counter-mounted cook¬ 
ing units complete with provisions for mounting and for 
making electrical connmuns shall be permitted to be per¬ 
manently connected or, only, for ease in servicing or for 
installation, cord-and-plug-connected. 

A separable connector or a plug and receptacle combi¬ 
nation in the supply line to an oven or cooking unit shall be 
for the temperature of the space in which it is 

oods. Range hoods shall be permitted to be 
ord-and-plug-connected with a flexible cord identified as 
table for use on range hoods in the installation instruc- 
s of the appliance manufacturer, where all of the fol- 
owing conditions are met: 

(1) The flexible cord is terminated with a grounding-type 
attachment plug. 

Exception: A listed range hood distinctly marked to iden¬ 
tify it as protected by a system of double insulation, or its 
equivalent, shall not be required to be terminated with a 
grounding-type attachment plug. 

(2) The length of the cord is not less than 450 mm (18 in.) 
and not over 900 mm (36 in.). 

(3) Receptacles are located to avoid physical damage to the 
flexible cord. 


(2) The length of the cord shall not be less than 450 mm 
(18 in.) and not over 900 mm (36 in.). 

(3) Receptacles shall be located to avoid physical damage 
to the flexible cord. 

(4) The receptacle shall be accessible. 

(2) Built-in Dishwashers and Trash Compactors. 

Built-in dishwashers and trash compactors shall be permit¬ 
ted to be cord-and-plug-connected with a flexible cord 
identified as suitable for the purpose in the installation in¬ 
structions of the appliance manufacturer where all of the 
following conditions are met: 


(4) The receptacle is accessible. 

(5) The receptacle is supplied by an individual branch 
circuit. 

422.17 Protection of Combustible Material. Each elec¬ 
trically heated appliance that is intended by size, weight, 
and service to be located in a fixed position shall be placed 
so as to provide ample protection between the appliance 
and adjacent combustible material. 

422.18 Support of Ceiling-Suspended (Paddle) Fans. 

Ceiling-suspended (paddle) fans shall be supported inde- 
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422.34 


pendently of an outlet box or by listed outlet box or outlet 
box systems identified for the use and installed in accor¬ 
dance with 314.27(C). 

422.19 Space for Conductors. Canopies of ceiling- 
suspended (paddle) fans and outlet boxes taken together 
shall provide sufficient space so that conductors and their 
connecting devices are capable of being installed in accor¬ 
dance with 314.16. Canopies shall be marked with their 
volume in order to be included in the total box volume 
calculation. [ROP 17-30] 

422.20 Outlet Boxes to Be Covered. In a completed in¬ 
stallation, each outlet box shall be provided with a cover 
unless covered by means of a ceiling suspended (paddle) 
fan canopy. [ROP 17-30] 

422.21 Covering of Combustible Material at Outlet 
Boxes. Any combustible ceiling finish exposed between the 
edge of a ceiling suspended (paddle) fan canopy or pan and 
an outlet box shall be covered with noncombustible mate¬ 
rial. [ROP 17-30] 


422.22 Other Installation Methods. Appliances employ 
ing methods of installation other than covered by 
tide shall be permitted to be used only by special pi 
sion. 

422.23 Tire Inflation and Automo 
chines. Tire inflation machines ai 
machines provided for public use sh 
ground-fault circuit-interrupter 1ROP 1 

III. Disconnecting Mi 

422.30 General. A means^ shall be provided to simulta¬ 
neously disconnect each appliance from all ungrounded 
conductors in accordance with the following sections of 
Part III. If an appliance is supplied by more than one 
branch-circuit or feeder, these disconnecting means shall be 
grouped and identified as the appliance disconnect. 




switch or circuit breaker is within sight from the appliance 
or is lockable in accordance with 110.25. [ROP 17-33] 

Informational Note: For appliances employing unit 

switches, see 422.34. 

(C) Appliances Rated over Vs Horsepower. For perma¬ 
nently connected appliances rated over Vs hp, the branch- 
circuit switch or circuit breaker shall be permitted to serve 
as the disconnecting means where the switch or circuit 
breaker is within sight from the appliance. If the appliance 
is not within sight of the switch or circuit breaker, a dis¬ 
connecting means shall be installed within sight of the ap¬ 
pliance. The disconnecting means shall comply with 
430.109 and 430.110. [ROP 17-35] 


Exception: lid 
with a unitj 
(D), the 
conns 
the 



appliance of more than Vs hp is provided 
that complies with 422.34(A), (B), (C), or 
or circuit breaker serving as the other dis- 
s shall be permitted to be out of sight from 


isconnectihri of Cord-and-Plug-Connected Ap- 


separable Connector or an Attachment Plug and 
acle. For cord-and-plug-connected appliances, an 
separable connector or an accessible plug and 
facie shall be permitted to serve as the disconnecting 
means. Where the separable connector or plug and recep¬ 
tacle are not accessible, cord-and-plug-connected appli¬ 
ances shall be provided with disconnecting means in accor¬ 
dance with 422.31. 

(B) Connection at the Rear Base of a Range. For cord- 
and-plug-connected household electric ranges, an attach¬ 
ment plug and receptacle connection at the rear base of a 
range, if it is accessible from the front by removal of a 
drawer, shall be considered as meeting the intent of 
422.33(A). 

(C) Rating. The rating of a receptacle or of a separable 
connector shall not be less than the rating of any appliance 
connected thereto. 


422.31 Disconnection of Permanently Connected Appli¬ 
ances. 

(A) Rated at Not over 300 Volt-Amperes or Vs Horse¬ 
power. For permanently connected appliances rated at not 
over 300 volt-amperes or Vs hp, the branch-circuit overcur¬ 
rent device shall be permitted to serve as the disconnecting 
means. 

(B) Appliances Rated over 300 Volt-Amperes. For per¬ 
manently connected appliances rated over 300 volt- 
amperes, the branch circuit switch or circuit breaker shall 
be permitted to serve as the disconnecting means where the 


Exception: Demand factors authorized elsewhere in this 
Code shall be permitted to be applied to the rating of a 
receptacle or of a separable connector. 

422.34 Unit Switch(es) as Disconnecting Means. A unit 
switch(es) with a marked-off position that is a part of an 
appliance and disconnects all ungrounded conductors shall 
be permitted as the disconnecting means required by this 
article where other means for disconnection are provided in 
occupancies specified in 422.34(A) through (D). 

(A) Multifamily Dwellings. In multifamily dwellings, the 
other disconnecting means shall be within the dwelling 
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unit, or on the same floor as the dwelling unit in which the 
appliance is installed, and shall be permitted to control 
lamps and other appliances. 

(B) Two-Family Dwellings. In two-family dwellings, the 
other disconnecting means shall be permitted either inside 
or outside of the dwelling unit in which the appliance is 
installed. In this case, an individual switch or circuit 
breaker for the dwelling unit shall be permitted and shall 
also be permitted to control lamps and other appliances. 

(C) One-Family Dwellings. In one-family dwellings, the 
service disconnecting means shall be permitted to be the 
other disconnecting means. 


be in contact shall be provided with one of the types of 
approved heater cords listed in Table 400.4. 

(B) Other Heating Appliances. All other cord-and-plug- 
connected electrically heated appliances shall be connected 
with one of the approved types of cord listed in Table 
400.4, selected in accordance with the usage specified in 
that table. 

422.44 Cord-and-Plug-Connected Immersion Heaters. 

Electric heaters of the cord-and-plug-connected immersion 
type shall be constructed and installed so that current- 
carrying parts are effectively insulated from electrical con¬ 
tact with the substance in which they are immersed. 


(D) Other Occupancies. In other occupancies, the branch- 
circuit switch or circuit breaker, where readily accessible 
for servicing of the appliance, shall be permitted as the 
other disconnecting means. 

422.35 Switch and Circuit Breaker to Be Indicating. 

Switches and circuit breakers used as disconnecting means 
shall be of the indicating type. 

IV. Construction 

422.40 Polarity in Cord-and-Plug-Connected Appli¬ 
ances. If the appliance is provided with a manually oper¬ 
ated, line-connected, single-pole switch for 
off operation, an Edison-base lampholder, 
ampere receptacle, the attachment plug 
polarized or grounding type. 

A 2-wire, nonpolarized attachment plug sha 
ted to be used on a listed double-kisidatei 

Informational Note: For pi 
pholders, see 410.82(A). 

422.41 Cord-and-Plug-Connected Appliances Subject 
to Immersion. Cord-aud-plug-connectcS^iortable, free¬ 
standing hydromassage units and hand-held hair dryers 
shall be constructed to provide protection for personnel 
against electrocution when immersed while in the “on” or 
“off” position. 


422.45 Stands for 
ances. Each smi 
connected elec 
plied to co 
approved^ 

piece of e uipment or 





Cord-and-Plug-Connected Appli- 

iron and other cord-and-plug- 
heated appliance intended to be ap- 
aterial shall be equipped with an 
all be permitted to be a separate 
of the appliance. 


Flatirons. Electrically heated smoothing irons shall 
with an identified temperature-limiting means. 


Heater Controls. All storage or 
i nstantancous^pe water heaters shall be equipped with a 
temperature-limiting means in addition to its control ther- 
ostat to disconnect all ungrounded conductors. Such 
ans shall comply with both of the following: 

Installed to sense maximum water temperature. 

Be either a trip-free, manually reset type or a type hav¬ 
ing a replacement element. Such water heaters shall be 
marked to require the installation of a temperature and 
pressure relief valve. 

Exception No. 1: Storage water heaters that are identified 
as being suitable for use with a supply water temperature 
of 82°C (180°F) or above and a capacity of 60 kW or 
above. 

Exception No. 2: Instantaneous-type water heaters that 
are identified as being suitable for such use, with a capacity 
of 4 L (1 gal) or less. 


422.42 Signals for Heated Appliances. In other than 
dwelling-type occupancies, each electrically heated appli¬ 
ance or group of appliances intended to be applied to com¬ 
bustible material shall be provided with a signal or an in¬ 
tegral temperature-limiting device. 

422.43 Flexible Cords. 

(A) Heater Cords. All cord-and-plug-connected smooth¬ 
ing irons and electrically heated appliances that are rated at 
more than 50 watts and produce temperatures in excess of 
121°C (250°F) on surfaces with which the cord is likely to 


Informational Note: See ANSI Z21.22-1999/CSA 4.4- 
M99, Relief Valves for Hot Water Supply Systems. 

422.48 Infrared Lamp Industrial Heating Appliances. 

(A) 300 Watts or Less. Infrared heating lamps rated at 300 
watts or less shall be permitted with lampholders of the 
medium-base, unswitched porcelain type or other types 
identified as suitable for use with infrared heating lamps 
rated 300 watts or less. 

(B) Over 300 Watts. Screw shell lampholders shall not be 
used with infrared lamps rated over 300 watts, unless the 
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lampholders are identified as being suitable for use with 
infrared heating lamps rated over 300 watts. 

422.49 High-Pressure Spray Washers. All single-phase 
cord-and-plug-connected high-pressure spray washing ma¬ 
chines rated at 250 volts or less shall be provided with 
factory-installed ground-fault circuit-interrupter protection 
for personnel. The ground-fault circuit interrupter shall be 
identified for portable use. The ground-fault circuit inter¬ 
rupter shall be an integral part of the attachment plug or 
shall be located in the supply cord within 300 mm (12 in.) 
of the attachment plug. [ROP 17-18a] 

422.50 Cord-and-Plug-Connected Pipe Heating Assem¬ 
blies. Cord-and-plug-connected pipe heating assemblies in¬ 
tended to prevent freezing of piping shall be listed. 

422.51 Vending Machines. [ROP 17-38] 

(A) Cord- and Plug Connected. Cord-and-plug- 
connected vending machines manufactured or remanufac¬ 
tured on or after January 1, 2005, shall include a ground- 
fault circuit interrupter identified for portable use as an 
integral part of the attachment plug or be located within 
300 mm (12 in.) of the attachment plug. Older v< 
machines manufactured or remanufactured prior to J 
1, 2005, shall be connected to a GFCI-protected 
[ROP 17-38, ROP 17-18a] 

(B) Other than Cord-and -Plug 

machines not utilizing a cord-and-p 
connected to a ground fault circuit i 
circuit. [ROP 17-38] 


Informational Note: 
ANSI/UL 541-2010, 
Machines, or ANSI/UL 
Machines. [ROP 17-41] 




ated Vending 
for Vending 


422.52 Electric Drinking Fountains. Electric drinking 
fountains shall be protected with ground-fault circuit- 
interrupter protection. 

V. Marking 

422.60 Nameplate. 

(A) Nameplate Marking. Each electrical appliance shall 
be provided with a nameplate giving the identifying name 
and the rating in volts and amperes, or in volts and watts. If 
the appliance is to be used on a specific frequency or fre¬ 
quencies, it shall be so marked. 

Where motor overload protection external to the appli¬ 
ance is required, the appliance shall be so marked. 

Informational Note: See 422.11 for overcurrent protection 
requirements. 


(B) To Be Visible. Marking shall be located so as to be 
visible or easily accessible after installation. 

422.61 Marking of Heating Elements. All heating ele¬ 
ments that are rated over one ampere, replaceable in the 
field, and a part of an appliance shall be legibly marked 
with the ratings in volts and amperes, or in volts and watts, 
or with the manufacturer’s part number. 

422.62 Appliances Consisting of Motors and Other 
Loads. 

(A) Nameplate Horsepower Markings. Where a motor- 
operated appliance nameplate includes a horsepower rating, 
that rating shall not be less than the horsepower rating on 
the motor nameplate. Where an appliance consists of mul¬ 
tiple motorspw one or more motors and other loads, the 
nameplate value shall not be less than the equivalent horse¬ 
power of the combined loads, calculated in accordance with 
10(C)(1)T 

itional Nameplate Markings. Appliances, other 
factory-equipped with cords and attachment 
with nameplates in compliance with 422.60, shall 
in accordance with 422.62(B)(1) or (B)(2). 


ng. In addition to the marking required in 
, the marking on an appliance consisting of a motor 
with other load(s) or motors with or without other load(s) 
shall specify the minimum supply circuit conductor ampac¬ 
ity and the maximum rating of the circuit overcurrent pro¬ 
tective device. This requirement shall not apply to an ap¬ 
pliance with a nameplate in compliance with 422.60 where 
both the minimum supply circuit conductor ampacity and 
maximum rating of the circuit overcurrent protective device 
are not more than 15 amperes. 

(2) Alternate Marking Method. An alternative marking 
method shall be permitted to specify the rating of the larg¬ 
est motor in volts and amperes, and the additional load(s) in 
volts and amperes, or volts and watts in addition to the 
marking required in 422.60. The ampere rating of a motor 
Vs horsepower or less or a nonmotor load 1 ampere or less 
shall be permitted to be omitted unless such loads consti¬ 
tute the principal load. 


ARTICLE 424 

Fixed Electric Space-Heating Equipment 

I. General 

424.1 Scope. This article covers fixed electric equipment 
used for space heating. For the purpose of this article, heat- 
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ing equipment shall include heating cable, unit heaters, 
boilers, central systems, or other approved fixed electric 
space-heating equipment. This article shall not apply to 
process heating and room air conditioning. 

424.2 Other Articles. Fixed electric space-heating equip¬ 
ment incorporating a hermetic refrigerant motor- 
compressor shall also comply with Article 440. 

424.3 Branch Circuits. 


(B) Damp or Wet Locations. Heaters and related equip¬ 
ment installed in damp or wet locations shall be listed for 
such locations and shall be constructed and installed so that 
water or other liquids cannot enter or accumulate in or on 
wired sections, electrical components, or ductwork. 

Informational Note No. 1: See 110.11 for equipment ex¬ 
posed to deteriorating agents. 

Informational Note No. 2: See 680.27(C) for pool deck 
areas. 


(A) Branch-Circuit Requirements. Individual branch cir¬ 
cuits shall be permitted to supply any volt-ampere or watt¬ 
age rating of fixed electric space-heating equipment for 
which they are rated. 

Branch circuits supplying two or more outlets for fixed 
electric space-heating equipment shall be rated 15, 20, 25, 
or 30 amperes. In other than a dwelling unit, fixed infrared 
heating equipment shall be permitted to be supplied from 
branch circuits rated not over 50 amperes. 

(B) Branch-Circuit Sizing. Fixed electric space-heating 
equipment and motors shall be considered continuous load. 

424.6 Listed Equipment. Electric baseboard heaters, heat¬ 
ing cables, duct heaters, and radiant heating systems shall 
be listed and labeled. 

II. Installation 

424.9 General. All fixed electric space-heati 
shall be installed in an approved manner. 

Permanently installed electric base! 
equipped with factory-installed receptacle, outlets, or outlets 
provided as a separate listed assembly, shall be perrrnlted in 
lieu of a receptacle outlet(s) duns required hyi210.50(B). 
Such receptacle outlets shall not beacon nected to the heater 
circuits. 

Informational Note: Listed baseboard heaters include in¬ 
structions that may not permit their installation below re¬ 
ceptacle outlets. 

424.10 Special Permission. Fixed electric space-heating 
equipment and systems installed by methods other than 
covered by this article shall be permitted only by special 
permission. 

424.11 Supply Conductors. Fixed electric space-heating 
equipment requiring supply conductors with over 60°C in¬ 
sulation shall be clearly and permanently marked. This 
marking shall be plainly visible after installation and shall 
be permitted to be adjacent to the held connection box. 

424.12 Locations. 


424.13 Spacing from Combustible Materials. Fixed 
electric space-heating equipment shall be installed to pro¬ 
vide the required spacing between the equipment and adja¬ 
cent combustible material, unless it is listed to be installed 
in direct contact with combustible material. 


III. Control and Protection of Fixed Electric 
lipment 


Space-Heating 


424.19 Disconnecting 

simultaneously^disconnect 


Equipmei 

ng Means. 

innect the 



s. Means shall be provided to 
e heater, motor controller(s), 
and supplementary overcurrent protective device(s) of all 
fixed elec trie space-heating equipment from all ungrounded 
conductm||:’Where heating equipment is supplied by more 
•lie soiirce, feeder, or branch circuit, the disconnecting 
be grouped and marked. The disconnecting 
Thed in 424.19(A) and (B) shall have an ampere 
not less than 125 percent of the total load of the 
tors and the heaters. The provision for locking or adding 
rack to the disconnecting means shall be installed on or at 
the switch or circuit breaker used as the disconnecting 
means and shall remain in place with or without the lock 
installed. [ROP 17-49] 

(A) Heating Equipment with Supplementary Overcur¬ 
rent Protection. The disconnecting means for fixed electric 
space-heating equipment with supplementary overcurrent 
protection shall be within sight from the supplementary 
overcurrent protective device(s), on the supply side of these 
devices, if fuses, and, in addition, shall comply with either 
424.19(A)(1) or (A)(2). 

(1) Heater Containing No Motor Rated over Vs Horse¬ 
power. The above disconnecting means or unit switches 
complying with 424.19(C) shall be permitted to serve as the 
required disconnecting means for both the motor control¬ 
lers) and heater under either of the following conditions: 

(1) The disconnecting means provided is also within sight 
from the motor controller(s) and the heater. 

(2) The disconnecting means is lockable in accordance 
with 110.25. [ROP 17-48] 


(A) Exposed to Physical Damage. Where subject to 
physical damage, fixed electric space-heating equipment 
shall be protected in an approved manner. 


(2) Heater Containing a Motor(s) Rated over Vs Horse¬ 
power. The above disconnecting means shall be permitted 
to serve as the required disconnecting means for both the 
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motor controller(s) and heater under either of the following 
conditions: 

(1) Where the disconnecting means is in sight from the 
motor controller(s) and the heater and complies with 
Part IX of Article 430. 

(2) Where a motor(s) of more than Vs hp and the heater are 
provided with a single unit switch that complies with 
422.34(A), (B), (C), or (D), the disconnecting means 
shall be permitted to be out of sight from the motor 
controller. 


424.20 Thermostatically Controlled Switching Devices. 

(A) Serving as Both Controllers and Disconnecting 
Means. Thermostatically controlled switching devices and 
combination thermostats and manually controlled switches 
shall be permitted to serve as both controllers and discon¬ 
necting means, provided they meet all of the following 
conditions: 

(1) Provided with a marked “off” position 

(2) Directly open all ungrounded conductors when manu¬ 
ally placed in the “off” position 


(B) Heating Equipment Without Supplementary Over¬ 
current Protection. 

(1) Without Motor or with Motor Not over Vs Horse¬ 
power. For fixed electric space-heating equipment without 
a motor rated over Vs hp, the branch-circuit switch or cir¬ 
cuit breaker shall be permitted to serve as the disconnecting 
means where the switch or circuit breaker is within sight 
from the heater or is lockable in accordance with 110.25. 
[ROP 17-50] 

(2) Over Vs Horsepower. For motor-driven electric space¬ 
heating equipment with a motor rated over Vs hp, a discon¬ 
necting means shall be located within sight from the JHfllor 
controller or shall be permitted to comply with the n 
ments in 424.19(A)(2). 


(C) Unit Switch(es) as Disconnecting Means. A ut 

switch(es) with a marked “off” position that is |art of 
fixed heater and disconnects all ungrounded conductor^ 
shall be permitted as the disconnecting means required by 
this article where other means for disconnection are pro¬ 
vided in the types of occupancies in 424.19(C)(1) through 
(C)(4). 

(1) Multifamily Dwellings.In multifamil|' dwellings, the 
other disconnecting means shall be within the dwelling 
unit, or on the same floor as the swelling unit in which the 
fixed heater is installed, and shall aKo be permitted to con¬ 
trol lamps and appliances. 

(2) Two-Family Dwellings. In two-family dwellings, the 
other disconnecting means shall be permitted either inside 
or outside of the dwelling unit in which the fixed heater is 
installed. In this case, an individual switch or circuit 
breaker for the dwelling unit shall be permitted and shall 
also be permitted to control lamps and appliances. 

(3) One-Family Dwellings. In one-family dwellings, the 
service disconnecting means shall be permitted to be the 
other disconnecting means. 

(4) Other Occupancies. In other occupancies, the branch- 
circuit switch or circuit breaker, where readily accessible 
for servicing of the fixed heater, shall be permitted as the 
other disconnecting means. 



(3) Designed so that the circuit cannot be energized auto¬ 
matically after the device has been manually placed in 
the “off” position 

(4) Located ^specified in 424.19 

(B) Thermostats That Do Not Directly Interrupt All 
Ungrounded Conductors. Thermostats that do not directly 
interrupt all ungrounded conductors and thermostats that 
operate remote-control circuits shall not be required to meet 
requirements ona£4.20(A). These devices shall not be 
permiUed as the disconnecting means. 

1 Switch and Circuit Breaker to Be Indicating. 

Switches and circuit breakers used as disconnecting means 
shall be ef the indicating type. 


424.22 Overcurrent Protection. 


(A) Branch-Circuit Devices. Electric space-heating 
equipment, other than such motor-operated equipment as 
required by Articles 430 and 440 to have additional over¬ 
current protection, shall be permitted to be protected 
against overcurrent where supplied by one of the branch 
circuits in Article 210. 

(B) Resistance Elements. Resistance-type heating ele¬ 
ments in electric space-heating equipment shall be pro¬ 
tected at not more than 60 amperes. Equipment rated more 
than 48 amperes and employing such elements shall have 
the heating elements subdivided, and each subdivided load 
shall not exceed 48 amperes. Where a subdivided load is 
less than 48 amperes, the rating of the supplementary over¬ 
current protective device shall comply with 424.3(B). A 
boiler employing resistance-type immersion heating ele¬ 
ments contained in an ASME-rated and stamped vessel 
shall be permitted to comply with 424.72(A). 

(C) Overcurrent Protective Devices. The supplementary 
overcurrent protective devices for the subdivided loads 
specified in 424.22(B) shall be (1) factory-installed within 
or on the heater enclosure or supplied for use with the 
heater as a separate assembly by the heater manufacturer; 
(2) accessible, but shall not be required to be readily acces¬ 
sible; and (3) suitable for branch-circuit protection. 

Informational Note: See 240.10. 
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Where cartridge fuses are used to provide this overcur¬ 
rent protection, a single disconnecting means shall be per¬ 
mitted to be used for the several subdivided loads. 

Informational Note No. 1: For supplementary overcurrent 
protection, see 240.10. 

Informational Note No. 2: For disconnecting means for 
cartridge fuses in circuits of any voltage, see 240.40. 


(B) Location. This nameplate shall be located so as to be 
visible or easily accessible after installation. 

424.29 Marking of Heating Elements. All heating ele¬ 
ments that are replaceable in the field and are part of an 
electric heater shall be legibly marked with the ratings in 
volts and watts or in volts and amperes. 


(D) Branch-Circuit Conductors. The conductors supply¬ 
ing the supplementary overcurrent protective devices shall 
be considered branch-circuit conductors. 

Where the heaters are rated 50 kW or more, the con¬ 
ductors supplying the supplementary overcurrent protective 
devices specified in 424.22(C) shall be permitted to be 
sized at not less than 100 percent of the nameplate rating of 
the heater, provided all of the following conditions are met: 

(1) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked mini¬ 
mum size. 

(3) A temperature-actuated device controls the cyclic op¬ 
eration of the equipment. 

(E) Conductors for Subdivided Loads. Field-wired con¬ 
ductors between the heater and the supplementary overcur¬ 
rent protective devices shall be sized at not less than' 
125 percent of the load served. The supplementary overcur¬ 
rent protective devices specified in 424.22(C) shafLwptect 
these conductors in accordance with 240.4. 

Where the heaters are rated 50 kW or nn 
ity of field-wired conductors between the" 
supplementary overcurrent protective devices' 
mitted to be not less than 100 percent of the loTM their 
respective subdivided circuits, provided all of the fo king 
conditions are met: 

(1) The heater is marked with a minimum conffljctor size. 

(2) The conductors are not smaller than the marked mini¬ 
mum size. 

(3) A temperature-activated device controls the cyclic op¬ 
eration of the equipment. 


V. Electric Space-Heating Cables 

424.34 Heating Cable Construction. Heating cables shall 
be furnished complete with factory-assembled nonheating 
leads at least 2.1 m (7 ft) in length. 

424.35 Marking ofJHeating Cables. Each unit shall be 
marked with the identifying name or identification symbol, 
catalog numbeji and ratings in volts and watts or in volts 
and amperes. 

Each jib it lengthTifibeating cable shall have a perma¬ 


nent legible marking 


each nonheating lead located 



within 75 mnW3 in.) of the terminal end. The lead wire 
shall have the following color identification to indicate the 
circuit voltage on which it is to be used: 

£1) 120 volt, nominal — yellow 
volt, nominal — blue 

— red 

— brown 



* nominal 
277 volt, nominal 
480 volt, nominal 


orange 


424.36 Clearances of Wiring in Ceilings. Wiring located 
above heated ceilings shall be spaced not less than 50 mm 
(2 in.) above the heated ceiling and shall be considered as 
operating at an ambient temperature of 50°C (122°F). The 
ampacity of conductors shall be calculated on the basis of 
the correction factors shown in the 0-2000 volt ampacity 
tables of Article 310. If this wiring is located above thermal 
insulation having a minimum thickness of 50 mm (2 in.), 
the wiring shall not require correction for temperature. 


IV. Marking of Heating Equipment 
424.28 Nameplate. 

(A) Marking Required. Each unit of fixed electric space¬ 
heating equipment shall be provided with a nameplate giv¬ 
ing the identifying name and the normal rating in volts and 
watts or in volts and amperes. 

Electric space-heating equipment intended for use on 
alternating current only, direct current only, or both shall be 
marked to so indicate. The marking of equipment consist¬ 
ing of motors over Vs hp and other loads shall specify the 
rating of the motor in volts, amperes, and frequency, and 
the heating load in volts and watts or in volts and amperes. 


424.38 Area Restrictions. 

(A) Shall Not Extend Beyond the Room or Area. Heat¬ 
ing cables shall not extend beyond the room or area in 
which they originate. 

(B) Uses Prohibited. Heating cables shall not be installed 
in the following: 

(1) In closets 

(2) Over walls 

(3) Over partitions that extend to the ceiling, unless they 
are isolated single runs of embedded cable 

(4) Over cabinets whose clearance from the ceiling is less 
than the minimum horizontal dimension of the cabinet 
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to the nearest cabinet edge that is open to the room or 
area 

(C) In Closet Ceilings as Low-Temperature Heat 
Sources to Control Relative Humidity. The provisions of 
424.38(B) shall not prevent the use of cable in closet ceil¬ 
ings as low-temperature heat sources to control relative hu¬ 
midity, provided they are used only in those portions of the 
ceiling that are unobstructed to the floor by shelves or other 
permanent luminaires. 

424.39 Clearance from Other Objects and Openings. 

Heating elements of cables shall be separated at least 
200 mm (8 in.) from the edge of outlet boxes and junction 
boxes that are to be used for mounting surface luminaires. 
A clearance of not less than 50 mm (2 in.) shall be provided 
from recessed luminaires and their trims, ventilating open¬ 
ings, and other such openings in room surfaces. No heating 
cable shall be covered by any surface-mounted equipment. 

424.40 Splices. Embedded cables shall be spliced only 
where necessary and only by approved means, and in no 
case shall the length of the heating cable be altered. 

424.41 Installation of Heating Cables on Dry Boa 
Plaster, and on Concrete Ceilings. 

(A) In Walls. Cables shall not be install 
it is necessary for an isolated single 
installed down a vertical surface to ri 

(B) Adjacent Runs. Adjacem 
9 watts/m (2% watts/ft) 

38 mm (IV 2 in.) on cen 

(C) Surfaces to Be Applied. Heating cables shall be ap¬ 
plied only to gypsum boaixl^Rlaster ptm, or other fire- 
resistant material. With metal lath or other electrically con¬ 
ductive surfaces, a coat of plaster shall be applied to 
completely separate the metal lath or conductive surface 
from the cable. 

Informational Note: See also 424.41(F). 

(D) Splices. All heating cables, the splice between the 
heating cable and nonheating leads, and 75-mm (3-in.) 
minimum of the nonheating lead at the splice shall be em¬ 
bedded in plaster or dry board in the same manner as the 
heating cable. 

(E) Ceiling Surface. The entire ceiling surface shall have 
a finish of thermally noninsulating sand plaster that has a 
nominal thickness of 13 mm (V 2 in.), or other noninsulating 
material identified as suitable for this use and applied ac¬ 
cording to specified thickness and directions. 



(F) Secured. Cables shall be secured by means of ap¬ 
proved stapling, tape, plaster, nonmetallic spreaders, or 
other approved means either at intervals not exceeding 
400 mm (16 in.) or at intervals not exceeding 1.8 m (6 ft) 
for cables identified for such use. Staples or metal fasteners 
that straddle the cable shall not be used with metal lath or 
other electrically conductive surfaces. 

(G) Dry Board Installations. In dry board installations, 
the entire ceiling below the heating cable shall be covered 
with gypsum board not exceeding 13 mm (V 2 in.) thickness. 
The void between the upper layer of gypsum board, plaster 
lath, or other fire-resistant material and the surface layer of 
gypsum board shall be completely filled with thermally 
conductive, nonshrinking plaster or other approved material 
or equivalent thermal conductivity. 

(H) Free from Contact with Conductive Surfaces. 

Cables.shall be kept free from contact with metal or other 
electrically conductiye surfaces. 

In dry board applications, cable shall be in- 
^arallel to the joist, leaving a clear space centered 
the joist of 65 mm (2 V 2 in.) (width) between centers 
ent runs of cable. A surface layer of gypsum board 
ounted so that the nails or other fasteners do not 
the heating cable. 

(J) Crossing Joists. Cables shall cross joists only at the 
ends of the room unless the cable is required to cross joists 
elsewhere in order to satisfy the manufacturer’s instructions 
that the installer avoid placing the cable too close to ceiling 
penetrations and luminaires. 

424.42 Finished Ceilings. Finished ceilings shall not be 
covered with decorative panels or beams constructed of 
materials that have thermal insulating properties, such as 
wood, fiber, or plastic. Finished ceilings shall be permitted 
to be covered with paint, wallpaper, or other approved sur¬ 
face finishes. 

424.43 Installation of Nonheating Leads of Cables. 

(A) Free Nonheating Leads. Free nonheating leads of 
cables shall be installed in accordance with approved wir¬ 
ing methods from the junction box to a location within the 
ceiling. Such installations shall be permitted to be single 
conductors in approved raceways, single or multiconductor 
Type UF, Type NMC, Type MI, or other approved conduc¬ 
tors. 

(B) Leads in Junction Box. Not less than 150 mm (6 in.) 
of free nonheating lead shall be within the junction box. 
The marking of the leads shall be visible in the junction 
box. 
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(C) Excess Leads. Excess leads of heating cables shall not 
be cut but shall be secured to the underside of the ceiling 
and embedded in plaster or other approved material, leav¬ 
ing only a length sufficient to reach the junction box with 
not less than 150 mm (6 in.) of free lead within the box. 

424.44 Installation of Cables in Concrete or Poured 
Masonry Floors. 

(A) Watts per Linear Meter (Foot). Constant wattage 
heating cables shall not exceed 54 watts per linear meter 
(I 6 V 2 watts per linear foot) of cable. 


424.58 Identification. Heaters installed in an air duct shall 
be identified as suitable for the installation. 

424.59 Airflow. Means shall be provided to ensure uni¬ 
form airflow over the face of the heater in accordance with 
the manufacturer’s instructions. [ROP 17-2] 

Informational Note: Heaters installed within 1.2 m (4 ft) 
of the outlet of an air-moving device, heat pump, air con¬ 
ditioner, elbows, baffle plates, or other obstructions in duct¬ 
work may require turning vanes, pressure plates, or other 
devices on the inlet side of the duct heater to ensure an 
even distribution of air over the face of the heater. 


(B) Spacing Between Adjacent Runs. The spacing be¬ 
tween adjacent runs of cable shall not be less than 25 mm 
(1 in.) on centers. 

(C) Secured in Place. Cables shall be secured in place by 
nonmetallic frames or spreaders or other approved means 
while the concrete or other finish is applied. 

Cables shall not be installed where they bridge expan¬ 
sion joints unless protected from expansion and contrac¬ 
tion. 

(D) Spacing Between Heating Cable and Metal Embed¬ 
ded in the Floor. Spacing shall be maintained between the 
heating cable and metal embedded in the floor, unless the 
cable is a grounded metal-clad cable. [ROP 17-5: 


(E) Leads Protected. Leads shall be protected where 
leave the floor by rigid metal conduit, intermediate 
conduit, rigid nonmetallic conduit, electrical rnetalli :ub- 
ing, or by other approved means. 


s or ap- 
e within 


(F) Bushings or Approved 

proved fittings shall be used whi 
the floor slab. 


(G) Ground-Fault Circuit-Interrupter Protection. 

Ground-fault circuit-interrupter protection for personnel 
shall be provided for cables installed in electrically heated 
floors of bathrooms, kitchens, and in hydromassage bathtub 
locations. 



424.60 Elevated Inlet Temperature. Duct heaters in¬ 
tended for use with elevated inlet air temperature shall be 
identified as suitable for use at the elevated temperatures. 

424.61 Installation of Duct Heaters with Heat Pumps 
and Air Conditioners. Heat pumps and air conditioners 
having duct heaters closer than 1.2 m (4 ft) to the heat 
pump or air conditioner shall have both the duct heater and 
heat pump or air conditio 11 e'r>identified as suitable for such 

so marked. 





ondensation. Duct heaters used with air condi- 
ers or other air-cooling equipment that could result in 
on of moisture shall be identified as suitable for 
conditioners. 


.63 Fan Circuit Interlock. Means shall be provided to 
ure that the fan circuit is energized when any heater 
ircuit is energized. However, time- or temperature- 
controlled delay in energizing the fan motor shall be per¬ 
mitted. 


424.64 Limit Controls. Each duct heater shall be provided 
with an approved, integral, automatic-reset temperature- 
limiting control or controllers to de-energize the circuit or 
circuits. 

In addition, an integral independent supplementary con¬ 
trol or controllers shall be provided in each duct heater that 
disconnects a sufficient number of conductors to interrupt 
current flow. This device shall be manually resettable or 
replaceable. 


424.45 Inspection and Tests. Cable installations shall be 
made with due care to prevent damage to the cable assem¬ 
bly and shall be inspected and approved before cables are 
covered or concealed. 


424.65 Location of Disconnecting Means. Duct heater 
controller equipment shall be either accessible with the dis¬ 
connecting means installed at or within sight from the con¬ 
troller or as permitted by 424.19(A). 


VI. Duct Heaters 

424.57 General. Part VI shall apply to any heater mounted 
in the airstream of a forced-air system where the air- 
moving unit is not provided as an integral part of the equip¬ 
ment. 


424.66 Installation. Duct heaters shall be installed in ac¬ 
cordance with the manufacturer’s instructions in such a 
manner that operation does not create a hazard to persons 
or property. Furthermore, duct heaters shall be located with 
respect to building construction and other equipment so as 
to permit access to the heater. Sufficient clearance shall be 
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maintained to permit replacement of controls and heating 
elements and for adjusting and cleaning of controls and 
other parts requiring such attention. See 110.27. 

Informational Note: For additional installation informa¬ 
tion, see NFPA 90A-2009, Standard for the Installation of 
Air-Conditioning and Ventilating Systems , and NFPA 90B- 
2009, Standard for the Installation of Warm Air Heating 
and Air-Conditioning Systems. 


VII. Resistance-Type Boilers 

424.70 Scope. The provisions in Part VII of this article 
shall apply to boilers employing resistance-type heating el¬ 
ements. Electrode-type boilers shall not be considered as 
employing resistance-type heating elements. See Part VIII 
of this article. 

424.71 Identification. Resistance-type boilers shall be 
identified as suitable for the installation. 

424.72 Overcurrent Protection. 

(A) Boiler Employing Resistance-Type Immersion 
Heating Elements in an ASME-Rated and Stamped Ves¬ 
sel. A boiler employing resistance-type immersion 
elements contained in an ASME-rated and stamped 
shall have the heating elements protected at not more tl 
150 amperes. Such a boiler rated more thau 120 amp> 
shall have the heating elements subdi v>ads 
exceeding 120 amperes. 

Where a subdivided load is less 
rating of the overcurrent protective 
with 424.3(B). 

(B) Boiler Employing Resistance-Type Heating Ele¬ 
ments Rated More Than 48 Amperes and Not Con¬ 
tained in an ASME-Rated and Stamped Vessel. A boiler 
employing resistance-type heating elements not contained 
in an ASME-rated and stamped vessel shall have the heat¬ 
ing elements protected at not more than 60 amperes. Such a 
boiler rated more than 48 amperes shall have the heating 
elements subdivided into loads not exceeding 48 amperes. 

Where a subdivided load is less than 48 amperes, the 
rating of the overcurrent protective device shall comply 
with 424.3(B). 

(C) Supplementary Overcurrent Protective Devices. 

The supplementary overcurrent protective devices for the 
subdivided loads as required by 424.72(A) and (B) shall be 
as follows: 

(1) Factory-installed within or on the boiler enclosure or 
provided as a separate assembly by the boiler manufac¬ 
turer 

(2) Accessible, but need not be readily accessible 

(3) Suitable for branch-circuit protection 




Where cartridge fuses are used to provide this overcur¬ 
rent protection, a single disconnecting means shall be per¬ 
mitted for the several subdivided circuits. See 240.40. 

(D) Conductors Supplying Supplementary Overcurrent 
Protective Devices. The conductors supplying these 
supplementary overcurrent protective devices shall be con¬ 
sidered branch-circuit conductors. 

Where the heaters are rated 50 kW or more, the con¬ 
ductors supplying the overcurrent protective device speci¬ 
fied in 424.72(C) shall be permitted to be sized at not less 
than 100 percent of the nameplate rating of the heater, 
provided all of the following conditions are met: 

(1) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked mini¬ 
mum siz 

(3) A temperature- or pressure-actuated device controls the 
c\jj-iic operation of the equipment. 

onductors for Subdivided Loads. Field-wired con¬ 
dors between the heater and the supplementary overcur¬ 
rent protective devices shall be sized at not less than 
rcent of the load served. The supplementary overcur- 
rcnt protective devices specified in 424.72(C) shall protect 
these conductors in accordance with 240.4. 

.Where the heaters are rated 50 kW or more, the ampac- 
field-wired conductors between the heater and the 
supplementary overcurrent protective devices shall be per¬ 
mitted to be not less than 100 percent of the load of their 
respective subdivided circuits, provided all of the following 
conditions are met: 

(1) The heater is marked with a minimum conductor size. 

(2) The conductors are not smaller than the marked mini¬ 
mum size. 

(3) A temperature-activated device controls the cyclic op¬ 
eration of the equipment. 

424.73 Overtemperature Limit Control. Each boiler de¬ 
signed so that in normal operation there is no change in 
state of the heat transfer medium shall be equipped with a 
temperature-sensitive limiting means. It shall be installed to 
limit maximum liquid temperature and shall directly or in¬ 
directly disconnect all ungrounded conductors to the heat¬ 
ing elements. Such means shall be in addition to a 
temperature-regulating system and other devices protecting 
the tank against excessive pressure. 

424.74 Overpressure Limit Control. Each boiler de¬ 
signed so that in normal operation there is a change in state 
of the heat transfer medium from liquid to vapor shall be 
equipped with a pressure-sensitive limiting means. It shall 
be installed to limit maximum pressure and shall directly or 
indirectly disconnect all ungrounded conductors to the 
heating elements. Such means shall be in addition to a 
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pressure-regulating system and other devices protecting the system and other devices protecting the tank against exces- 
tank against excessive pressure. sive pressure. 


VIII. Electrode-Type Boilers 

424.80 Scope. The provisions in Part VIII of this article 
shall apply to boilers for operation at 600 volts, nominal, or 
less, in which heat is generated by the passage of current 
between electrodes through the liquid being heated. 

Informational Note: For over 600 volts, see Part V of 
Article 490. 


424.85 Grounding. For those boilers designed such that 
fault currents do not pass through the pressure vessel, and 
the pressure vessel is electrically isolated from the elec¬ 
trodes, all exposed non-current-carrying metal parts, in¬ 
cluding the pressure vessel, supply, and return connecting 
piping, shall be grounded. 

For all other designs, the pressure vessel containing the 
electrodes shall be isolated and electrically insulated from 
ground. 


424.81 Identification. Electrode-type boilers shall be iden¬ 
tified as suitable for the installation. 

424.82 Branch-Circuit Requirements. The size of 
branch-circuit conductors and overcurrent protective de¬ 
vices shall be calculated on the basis of 125 percent of the 
total load (motors not included). A contactor, relay, or other 
device, approved for continuous operation at 100 percent of 
its rating, shall be permitted to supply its full-rated load. 
See 210.19(A), Exception. The provisions of this section 
shall not apply to conductors that form an integral part of 
an approved boiler. 

Where an electrode boiler is rated 50 kW or more, the 
conductors supplying the boiler electrode(s) shall be per¬ 
mitted to be sized at not less than 100 percent 
plate rating of the electrode boiler, provided a 
ing conditions are met: 

(1) The electrode boiler is marked with a 
ductor size. 

(2) The conductors are not smaf 
mum size. 

(3) A temperature- or pressure-actuated device 
cyclic operation of the equipmi 

424.83 Overtemperature Limit ControlSEach boiler, de¬ 
signed so that in normal operation there is no change in 
state of the heat transfer medium, shall be equipped with a 
temperature-sensitive limiting means. It shall be installed to 
limit maximum liquid temperature and shall directly or in¬ 
directly interrupt all current flow through the electrodes. 
Such means shall be in addition to the temperature¬ 
regulating system and other devices protecting the tank 
against excessive pressure. 

424.84 Overpressure Limit Control. Each boiler, de¬ 
signed so that in normal operation there is a change in state 
of the heat transfer medium from liquid to vapor, shall be 
equipped with a pressure-sensitive limiting means. It shall 
be installed to limit maximum pressure and shall directly or 
indirectly interrupt all current flow through the electrodes. 
Such means shall be in addition to a pressure-regulating 




424.86 Markings. All electrode-type boilers shall be 
marked to show the following: 

(1) The manufactu 

(2) The normal rating in volts, amperes, and kilowatts. 

(3) The electHcal liupnly required specifying frequency, 
number of phases^kd number of wires. 

larking “Electrode-Type Boiler.” 

arking, “All Power Supplies Shall Be Dis- 
Before Servicing, Including Servicing the 
Vessel.” A field-applied warning marking or 
comply with 110.21(B). [ROP 17-57] 

plate shall be located so as to be visible after 


Electric Radiant Heating Panels and Heating 
Panel Sets 


424.90 Scope. The provisions of Part IX of this article 
shall apply to radiant heating panels and heating panel sets. 

424.91 Definitions. 

Heating Panel. A complete assembly provided with a junc¬ 
tion box or a length of flexible conduit for connection to a 
branch circuit. 

Heating Panel Set. A rigid or nonrigid assembly provided 
with nonheating leads or a terminal junction assembly iden¬ 
tified as being suitable for connection to a wiring system. 

424.92 Markings. 

(A) Location. Markings shall be permanent and in a loca¬ 
tion that is visible prior to application of panel finish. 

(B) Identified as Suitable. Each unit shall be identified as 
suitable for the installation. 

(C) Required Markings. Each unit shall be marked with 
the identifying name or identification symbol, catalog num¬ 
ber, and rating in volts and watts or in volts and amperes. 


70-320 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 424 — FIXED ELECTRIC SPACE-HEATING EQUIPMENT 


424.96 


(D) Labels Provided by Manufacturer. The manufactur¬ 
ers of heating panels or heating panel sets shall provide 
marking labels that indicate that the space-heating installa¬ 
tion incorporates heating panels or heating panel sets and 
instructions that the labels shall be affixed to the panel- 
boards to identify which branch circuits supply the circuits 
to those space-heating installations. If the heating panels 
and heating panel set installations are visible and distin¬ 
guishable after installation, the labels shall not be required 
to be provided and affixed to the panelboards. 

424.93 Installation. 

(A) General. 


(1) Mounting Location. Heating panel sets shall be per¬ 
mitted to be secured to the lower face of joists or mounted 
in between joists, headers, or nailing strips. 

(2) Parallel to Joists or Nailing Strips. Heating panel sets 
shall be installed parallel to joists or nailing strips. 

(3) Installation of Nails, Staples, or Other Fasteners. 

Nailing or stapling of heating panel sets shall be done only 
through the unheated portions provided for this purpose. 
Heating panel sets shall not be cut through or nailed 
through any point closer than 6 mm (Vi in.) to the element. 
Nails, staples, or other fasteners shall not be used where 
they penetrate current-carrying parts. 


(1) Manufacturer’s Instructions. Heating panels and heat¬ 
ing panel sets shall be installed in accordance with the 
manufacturer’s instructions. 

(2) Locations Not Permitted. The heating portion shall not 
be installed as follows: 

(1) In or behind surfaces where subject to physical damage 

(2) Run through or above walls, partitions, cupboards, or 
similar portions of structures that extend to the ceiling 

(3) Run in or through thermal insulation, but shall 
mitted to be in contact with the surface of tl 
insulation 

(3) Separation from Outlets for Luminaires. Edges 
panels and panel sets shall be separated by not less thal 
200 mm (8 in.) from the edges of any outlet 
junction boxes that are to be used for mounting^sTJHWE 
luminaires. A clearance of not less than 50 nta (2 in.) shall 
be provided from recessed luminaires and their trims, ven¬ 
tilating openings, and other such openings iir room sur¬ 
faces, unless the heating panels and panel mts are listed and 
marked for lesser clearances, in which case they shall be 
permitted to be installed at the markedclearances. Suffi¬ 
cient area shall be provided to ensure that no heating panel 
or heating panel set is to be covered by any surface- 
mounted units. 


(4) Installed as Complete Unit. Heating panel sets shall be 
installed as complete units unless identified as suitable for 
field cutting in an approved manner. 


424. 



Clearances of Wiring in Ceilings. Wiring located 
b heated ceilings shall be spaced not less than 50 mm 
.) above the heated ceiling and shall be considered as 
at an ambient of 50°C (122°F). The ampacity 
e calculated on the basis of the correction factors 
in the 0-2000 volt ampacity tables of Article 310. If 
ng is located above thermal insulations having a 
thickness of 50 mm (2 in.), the wiring shall not 
r e correction for temperature. 


424.95 Location of Branch-Circuit and Feeder Wiring 
in Walls. 

(A) Exterior Walls. Wiring methods shall comply with 
Article 300 and 310.15(A)(3). 

(B) Interior Walls. Any wiring behind heating panels or 
heating panel sets located in interior walls or partitions 
shall be considered as operating at an ambient temperature 
of 40°C (104°F), and the ampacity shall be calculated on 
the basis of the correction factors given in the 0-2000 volt 
ampacity tables of Article 310. 


(4) Surfaces Covering Heating Panels. After the heating 
panels or heating panel sets are installed and inspected, it 
shall be permitted to install a surface that has been identi¬ 
fied by the manufacturer’s instructions as being suitable for 
the installation. The surface shall be secured so that the 
nails or other fastenings do not pierce the heating panels or 
heating panel sets. 

(5) Surface Coverings. Surfaces permitted by 
424.93(A)(4) shall be permitted to be covered with paint, 
wallpaper, or other approved surfaces identified in the 
manufacturer’s instructions as being suitable. 

(B) Heating Panel Sets. 


424.96 Connection to Branch-Circuit Conductors. 

(A) General. Heating panels or heating panel sets as¬ 
sembled together in the field to form a heating installation 
in one room or area shall be connected in accordance with 
the manufacturer’s instructions. 

(B) Heating Panels. Heating panels shall be connected to 
branch-circuit wiring by an approved wiring method. 

(C) Heating Panel Sets. 

(1) Connection to Branch-Circuit Wiring. Heating panel 
sets shall be connected to branch-circuit wiring by a 
method identified as being suitable for the purpose. 
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(2) Panel Sets with Terminal Junction Assembly. A heat¬ 
ing panel set provided with terminal junction assembly 
shall be permitted to have the nonheating leads attached at 
the time of installation in accordance with the manufactur¬ 
er’s instructions. 


facturer’s instructions and shall also comply with 
424.99(C)(1) through (C)(5). 

(1) Expansion Joints. Heating panels or heating panel sets 
shall not be installed where they bridge expansion joints 
unless protected from expansion and contraction. 


424.97 Nonheating Leads. Excess nonheating leads of 
heating panels or heating panel sets shall be permitted to be 
cut to the required length. They shall meet the installation 
requirements of the wiring method employed in accordance 
with 424.96. Nonheating leads shall be an integral part of a 
heating panel and a heating panel set and shall not be sub¬ 
jected to the ampacity requirements of 424.3(B) for branch 
circuits. 

424.98 Installation in Concrete or Poured Masonry. 

(A) Maximum Heated Area. Heating panels or heating 
panel sets shall not exceed 355 watts/m 2 (33 watts/ft 2 ) of 
heated area. 

(B) Secured in Place and Identified as Suitable. Heating 
panels or heating panel sets shall be secured in place by 
means specified in the manufacturer’s instructions and 
identified as suitable for the installation. 

(C) Expansion Joints. Heating panels or heating panel 
sets shall not be installed where they bridge expansion 
joints unless provision is made for expansion and contrac¬ 
tion. 


(D) Spacings. Spacings shall be maintained between 
ing panels or heating panel sets and metal embedded in the 
floor. Grounded metal-clad heating panels shall be permit¬ 
ted to be in contact with metal embedded in the flobr| 

(E) Protection of Leads. Leads shall be protected where 
they leave the floor by rigid me'M conduit, ^termcdiate 
metal conduit, rigid nonmetallic conduits oj^jpectrical me¬ 
tallic tubing, or by other approved means. 

(F) Bushings or Fittings Required. Bushings or approved 
fittings shall be used where the leads emerge within the 
floor slabs. 


(2) Connection to Conductors. Heating panels and heat¬ 
ing panel sets shall be connected to branch-circuit and sup¬ 
ply wiring by wiring methods recognized in Chapter 3. 

(3) Anchoring. Heating panels and heating panel sets shall 
be firmly anchored to the floor using an adhesive or anchor¬ 
ing system identified for this use. 

(4) Coverings. After heating panels or heating panel sets 
are installed and inspected, they shall be permitted to be 


covered by a floo: 
manufacturer a: 
ering shall 1} 
sets with 
this usj 




ering that has been identified by the 
suitable for the installation. The cov- 
the heating panel or heating panel 
esives or by means identified for 


ction. A device to open all ungrounded 
pplying the heating panels or heating panel 
by the manufacturer, shall function when a 
jgsistance line-to-line, line-to-grounded con¬ 
n-ground fault occurs, such as the result of 
of the element or element assembly. 

Informational Note: An integral grounding shield may be 
required to provide this protection. 


ARTICLE 426 

Fixed Outdoor Electric Deicing and 
Snow-Melting Equipment 

I. General 

426.1 Scope. The requirements of this article shall apply to 
electrically energized heating systems and the installation 
of these systems. 


424.99 Installation Under Floor Covering. 

(A) Identification. Heating panels or heating panel sets for 
installation under floor covering shall be identified as suit¬ 
able for installation under floor covering. 

(B) Maximum Heated Area. Heating panels or panel sets 
installed under floor covering shall not exceed 160 
watts/m 2 (15 watts/ft 2 ) of heated area. 

(C) Installation. Listed heating panels or panel sets, if in¬ 
stalled under floor covering, shall be installed on floor sur¬ 
faces that are smooth and flat in accordance with the manu¬ 


(A) Embedded. Embedded in driveways, walks, steps, and 
other areas. 

(B) Exposed. Exposed on drainage systems, bridge struc¬ 
tures, roofs, and other structures. 

426.2 Definitions. 

Heating System. A complete system consisting of compo¬ 
nents such as heating elements, fastening devices, nonheat¬ 
ing circuit wiring, leads, temperature controllers, safety 
signs, junction boxes, raceways, and fittings. 
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Impedance Heating System. A system in which heat is 
generated in a pipe or rod, or combination of pipes and 
rods, by causing current to flow through the pipe or rod by 
direct connection to an ac voltage source from an isolating 
transformer. The pipe or rod shall be permitted to be em¬ 
bedded in the surface to be heated, or constitute the ex¬ 
posed components to be heated. 


posting of appropriate caution signs or markings where 
clearly visible. 

426.14 Special Permission. Fixed outdoor deicing and 
snow-melting equipment employing methods of construc¬ 
tion or installation other than covered by this article shall 
be permitted only by special permission. 


Resistance Heating Element. A specific separate element 
to generate heat that is embedded in or fastened to the 
surface to be heated. 

Informational Note: Tubular heaters, strip heaters, heating 
cable, heating tape, and heating panels are examples of 
resistance heaters. 

Skin-Effect Heating System. A system in which heat is 
generated on the inner surface of a ferromagnetic envelope 
embedded in or fastened to the surface to be heated. 

Informational Note: Typically, an electrically insulated 
conductor is routed through and connected to the envelope 
at the other end. The envelope and the electrically insulated 
conductor are connected to an ac voltage source from an 
isolating transformer. 

426.3 Application of Other Articles. Cord-and 
connected fixed outdoor electric deicing and snow- 
equipment intended for specific use and identified 
able for this use shall be installed according lo Article ■ 


426.4 Continuous Load. Fixed ou 
and snow-melting equipment shall bi 
tinuous load. 


II. Installation 


ir outdoor electric deicing 
tified as being suitable for 


426.10 General. Equipme: 
and snow melting shall be idi 
the following: 

(1) The chemical, thermal, and physical environment 

(2) Installation in accordance with the manufacturer’s 
drawings and instructions 

426.11 Use. Electric heating equipment shall be installed 
in such a manner as to be afforded protection from physical 
damage. 


III. Resistance Heating Elements 

426.20 Embedded Deicing and Snow-Melting Equip¬ 
ment. 

(A) Watt Density. Panels or units shall not exceed 1300 
watts/nr (120 watts/ft 2 ) of heated area. 




(B) Spaci 
depend* 
than 


spacing between adjacent cable runs is 
n the rating of the cable and shall be not less 
.) on centers. 

nels, or cables shall be installed as 


a substantial asphalt or masonry base at least 
mm (2 in.) thick and have at least 38 mm ( IV 2 in.) of 
halt or masonry applied over the units, panels, or 
or 

ey shall be permitted to be installed over other ap¬ 
proved bases and embedded within 90 mm (3'/2 in.) of 
masonry or asphalt but not less than 38 mm (IV 2 in.) 
from the top surface; or 

(3) Equipment that has been listed for other forms of in¬ 
stallation shall be installed only in the manner for 
which it has been identified. 

(D) Secured. Cables, units, and panels shall be secured in 
place by frames or spreaders or other approved means 
while the masonry or asphalt finish is applied. 

(E) Expansion and Contraction. Cables, units, and pan¬ 
els shall not be installed where they bridge expansion joints 
unless provision is made for expansion and contraction. 

426.21 Exposed Deicing and Snow-Melting Equipment. 

(A) Secured. Heating element assemblies shall be secured 
to the surface being heated by approved means. 


426.12 Thermal Protection. External surfaces of outdoor 
electric deicing and snow-melting equipment that operate at 
temperatures exceeding 60°C (140°F) shall be physically 
guarded, isolated, or thermally insulated to protect against 
contact by personnel in the area. 

426.13 Identification. The presence of outdoor electric de¬ 
icing and snow-melting equipment shall be evident by the 


(B) Overtemperature. Where the heating element is not 
in direct contact with the surface being heated, the design 
of the heater assembly shall be such that its temperature 
limitations shall not be exceeded. 

(C) Expansion and Contraction. Heating elements and 
assemblies shall not be installed where they bridge expan¬ 
sion joints unless provision is made for expansion and con¬ 
traction. 
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(D) Flexural Capability. Where installed on flexible 
structures, the heating elements and assemblies shall have a 
flexural capability that is compatible with the structure. 

426.22 Installation of Nonheating Leads for Embedded 
Equipment. 

(A) Grounding Sheath or Braid. Nonheating leads hav¬ 
ing a grounding sheath or braid shall be permitted to be 
embedded in the masonry or asphalt in the same manner as 
the heating cable without additional physical protection. 

(B) Raceways. All but 25 mm to 150 mm (1 in. to 6 in.) of 
nonheating leads not having a grounding sheath shall be 
enclosed in a rigid metal conduit, electrical metallic tubing, 
intermediate metal conduit, or other raceways within as¬ 
phalt or masonry. The distance from the factory splice to 
raceway shall not be less than 25 mm (1 in.) or more than 
150 mm (6 in.). 

(C) Bushings. Insulating bushings shall be used in the as¬ 
phalt or masonry where leads enter conduit or tubing. 

(D) Expansion and Contraction. Leads shall be protected 
in expansion joints and where they emerge from masonry 
or asphalt by rigid conduit, electrical metallic tubing, inter¬ 
mediate metal conduit, other raceways, or other approved 


(E) Leads in Junction Boxes. Not less 
(6 in.) of free nonheating lead shall be wii 
box. 

426.23 Installation of Nonheai 
Equipment. 

(A) Nonheating Leads. Power supply nonheating leads 
(cold leads) for resistance elements shall be identified for 
the temperature encountered. Not less than 150 mm (6 in.) 
of nonheating leads shall be provided within the junction 
box. Preassembled factory-supplied and field-assembled 
nonheating leads on approved heaters shall be permitted to 
be shortened if the markings specified in 426.25 are re¬ 
tained. 

(B) Protection. Nonheating power supply leads shall be 
enclosed in a rigid conduit, intermediate metal conduit, 
electrical metallic tubing, or other approved means. 

426.24 Electrical Connection. 

(A) Heating Element Connections. Electrical connec¬ 
tions, other than factory connections of heating elements to 
nonheating elements embedded in masonry or asphalt or on 
exposed surfaces, shall be made with insulated connectors 
identified for the use. 



(B) Circuit Connections. Splices and terminations at the 
end of the nonheating leads, other than the heating element 
end, shall be installed in a box or fitting in accordance with 
110.14 and 300.15. 

426.25 Marking. Each factory-assembled heating unit 
shall be legibly marked within 75 mm (3 in.) of each end of 
the nonheating leads with the permanent identification sym¬ 
bol, catalog number, and ratings in volts and watts or in 
volts and amperes. 

426.26 Corrosion Protection. Ferrous and nonferrous 
metal raceways, cable armor, cable sheaths, boxes, fittings, 
supports, and support hardware shall be permitted to be 
installed in concrete or in direct contact with the earth, or in 
areas subject to severe corrosive influences, where made of 
material suitable^or the condition, or where provided with 
corrosion protection identified as suitable for the condition. 

426.27 Grounding Braid or Sheath. Grounding means, 
such a^copper braid, meW sheath, or other approved 

shall be)provided as part of the heated section of the 
cable, panel, or unit. 

26.28 Ground-Fault Protection of Equipment. Ground- 
ptectinn of equipment shall be provided for fixed 
outdoor electric deicing and snow-melting equipment. 

'. Impedance Heating 

6.30 Personnel Protection. Exposed elements of im¬ 
pedance heating systems shall be physically guarded, iso¬ 
lated, or thermally insulated with a weatherproof jacket to 
protect against contact by personnel in the area. 

426.31 Isolation Transformer. An isolation transformer 
with a grounded shield between the primary and secondary 
windings shall be used to isolate the distribution system 
from the heating system. 

426.32 Voltage Limitations. Unless protected by ground- 
fault circuit-interrupter protection for personnel, the sec¬ 
ondary winding of the isolation transformer connected to 
the impedance heating elements shall not have an output 
voltage greater than 30 volts ac. 

Where ground-fault circuit-interrupter protection for 
personnel is provided, the voltage shall be permitted to be 
greater than 30 but not more than 80 volts. 

426.33 Induced Currents. All current-carrying compo¬ 
nents shall be installed in accordance with 300.20. 

426.34 Grounding. An impedance heating system that is 
operating at a voltage greater than 30 but not more than 80 
shall be grounded at a designated point(s). 
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Y. Skin-Effect Heating 


426.51 Controllers. 


426.40 Conductor Ampacity. The current through the 
electrically insulated conductor inside the ferromagnetic 
envelope shall be permitted to exceed the ampacity values 
shown in Article 310, provided it is identified as suitable 
for this use. 

426.41 Pull Boxes. Where pull boxes are used, they shall 
be accessible without excavation by location in suitable 
vaults or abovegrade. Outdoor pull boxes shall be of water¬ 
tight construction. 

426.42 Single Conductor in Enclosure. The provisions of 
300.20 shall not apply to the installation of a single con¬ 
ductor in a ferromagnetic envelope (metal enclosure). 

426.43 Corrosion Protection. Ferromagnetic envelopes, 
ferrous or nonferrous metal raceways, boxes, fittings, sup¬ 
ports, and support hardware shall be permitted to be in¬ 
stalled in concrete or in direct contact with the earth, or in 
areas subjected to severe corrosive influences, where made 
of material suitable for the condition, or where provided 
with corrosion protection identified as suitable for th qjA in- 
dition. Corrosion protection shall maintain the origina 
thickness of the ferromagnetic envelope. 

426.44 Grounding. The ferromagnetic 
connected to an equipment groundin 
ends; and, in addition, it shall be pei 
to an equipment grounding conductor 31 
as required by its design. 

The provisions of 250,3Q/Shall 'Hot 
lation of skin-effect heating systems. 


Informational Note: 
250. 


YI. Control and Protection 



see Article 


426.50 Disconnecting Means. 

(A) Disconnection. All fixed outdoor deicing and snow¬ 
melting equipment shall be provided with a means for si¬ 
multaneous disconnection from all ungrounded conductors. 
Where readily accessible to the user of the equipment, the 
branch-circuit switch or circuit breaker shall be permitted 
to serve as the disconnecting means. The disconnecting 
means shall be of the indicating type and be provided with 
a positive lockout in the “off’ position. 

(B) Cord-and-Plug-Connected Equipment. The factory- 
installed attachment plug of cord-and-plug-connected 
equipment rated 20 amperes or less and 150 volts or less to 
ground shall be permitted to be the disconnecting means. 


(A) Temperature Controller with “Off’ Position. Tem¬ 
perature controlled switching devices that indicate an “off’ 
position and that interrupt line current shall open all un¬ 
grounded conductors when the control device is in the “off’ 
position. These devices shall not be permitted to serve as 
the disconnecting means unless they are lockable in accor¬ 
dance with 110.25. [ROP 17-70] 

(B) Temperature Controller Without “Off’ Position. 

Temperature controlled switching devices that do not have 
an “off’ position shall not be required to open all un¬ 
grounded conductors and shall not be permitted to serve as 
the disconnecting means. 

(C) Remote Temperature Controller. Remote controlled 
temperature-actuated devices shall not be required to meet 
the requirements of 426.51(A). These devices shall not be 
permitted to selte as the disconnecting means. 

Combined Switching Devices. Switching devices 
consisting of combirred temperature-actuated devices and 
anually controlled switches that serve both as the control- 
,nd the disconnecting means shall comply with all of 
the following conditions: 

Open all ungrounded conductors when manually placed 
the “off’ position 

(2) Be so designed that the circuit cannot be energized 
automatically if the device has been manually placed in 
the “off’ position 

(3) Be lockable in accordance with 110.25 [ROP 17-71] 


426.54 Cord-and-Plug-Connected Deicing and Snow- 
Melting Equipment. Cord-and-plug-connected deicing 
and snow-melting equipment shall be listed. 


ARTICLE 427 

Fixed Electric Heating Equipment for 
Pipelines and Vessels 

I. General 

427.1 Scope. The requirements of this article shall apply to 
electrically energized heating systems and the installation 
of these systems used with pipelines or vessels or both. 

Informational Note: For further information, see 

ANSI/IEEE Std. 515-2002, Standard for the Testing, De¬ 
sign, Installation and Maintenance of Electrical Resistance 
Heat Tracing for Industrial Applications; ANSI/IEEE Std. 
844-2000, Recommended Practice for Electrical Imped¬ 
ance, Induction, and Skin Effect Heating of Pipelines and 
Vessels ; and ANSI/NECA 202-2006, Standard for Installing 
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and Maintaining Industrial Heat Tracing Systems. [ROP 
17 - 72 ] 

427.2 Definitions. 

Impedance Heating System. A system in which heat is 
generated in a pipeline or vessel wall by causing current to 
flow through the pipeline or vessel wall by direct connec¬ 
tion to an ac voltage source from a dual-winding trans¬ 
former. 

Induction Heating System. A system in which heat is gen¬ 
erated in a pipeline or vessel wall by inducing current and 
hysteresis effect in the pipeline or vessel wall from an ex¬ 
ternal isolated ac field source. 

[ROP 17-73] 

Pipeline. A length of pipe including pumps, valves, flanges, 
control devices, strainers, and/or similar equipment for con¬ 
veying fluids. 

Resistance Heating Element. A specific separate element 
to generate heat that is applied to the pipeline or vessel 
externally or internally. 

Informational Note: Tubular heaters, strip heaters, heating 
cable, heating tape, heating blankets, and immersion heat¬ 
ers are examples of resistance heaters. 

Skin-Effect Heating System. A system in whi chJaeat is 
generated on the inner surface of a ferromagnetic envelope 
attached to a pipeline or vessel, or both. 


427.16 Expansion and Contraction. Heating elements 
and assemblies shall not be installed where they bridge 
expansion joints unless provisions are made for expansion 
and contraction. 

427.17 Flexural Capability. Where installed on flexible 
pipelines, the heating elements and assemblies shall have a 
flexural capability that is compatible with the pipeline. 

427.18 Power Supply Leads. 

(A) Nonheating Leads. Power supply nonheating leads 
(cold leads) for resistance elements shall be suitable for the 
temperature encountered. Not less than 150 mm (6 in.) of 
nonheating leads shall be provided within the junction box. 
Preassembled factory-supplied and field-assembled non¬ 
heating leads on approved heaters shall be permitted to be 
shortened if the markings specified in 427.20 are retained. 

(B) Power Supply Leads Protection. Nonheating power 
supply leads shall be protected where they emerge from 
electrically heated pipeline or vessel heating units by rigid 
metal conduit, intermediate metal conduit, electrical metal¬ 
lic tubing, or other raceways identified as suitable for the 
application. 


Informational Note: Typically, an electrical 
conductor is routed through and conne cted t o 
at the other end. The envelope and 
conductor are connected to an ac Voltage 
dual-winding transformer. 

Vessel. A container such as a b 
holding fluids or other material. 



tank for 


427.3 Application of Other Articles. Cord-connected 
pipe heating assemblies intended for specific use and iden¬ 
tified as suitable for this use shall be installed according to 
Article 422. 


427.4 Continuous Load. Fixed electric heating equipment 
for pipelines and vessels shall be considered continuous 
load. 


II. Installation 


427.10 General. Equipment for pipeline and vessel elec¬ 
tric heating shall be identified as being suitable for (1) the 
chemical, thermal, and physical environment and (2) instal¬ 
lation in accordance with the manufacturer’s drawings and 
instructions. 


427.11 Use. Electric heating equipment shall be installed 
in such a manner as to be afforded protection from physical 
damage. 

427.12 Thermal Protection. External surfaces of pipeline 
and vessel heating equipment that operate at temperatures 
exceeding 60°C (140°F) shall be physically guarded, iso¬ 
lated, or thermally insulated to protect against contact by 
personnel in the area. 


427.13 Identification. The presence of electrically heated 
pipelines, vessels, or both, shall be evident by the posting 
of appropriate caution signs or markings at intervals not 
exceeding 6 m (20 ft) along the pipeline or vessel and on or 
adjacent to equipment in the piping system that requires 
periodic servicing. 


III. Resist; 




g Elements 

427.14 Secured. Heating element assemblies shall be se¬ 
cured to the surface being heated by means other than the 
on. 

in Direct Contact. Where the heating element 
contact with the pipeline or vessel being 
all be provided to prevent overtemperature 
g element unless the design of the heater as- 
is such that its temperature limitations will not be 
ceeded. 
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(C) Interconnecting Leads. Interconnecting nonheating 
leads connecting portions of the heating system shall be 
permitted to be covered by thermal insulation in the same 
manner as the heaters. 


427.26 Isolation Transformer. A dual-winding trans¬ 
former with a grounded shield between the primary and 
secondary windings shall be used to isolate the distribution 
system from the heating system. 


427.19 Electrical Connections. 

(A) Nonheating Interconnections. Nonheating intercon¬ 
nections, where required under thermal insulation, shall be 
made with insulated connectors identified as suitable for 
this use. 

(B) Circuit Connections. Splices and terminations outside 
the thermal insulation shall be installed in a box or fitting in 
accordance with 110.14 and 300.15. 


427.27 Voltage Limitations. Unless protected by ground- 
fault circuit-interrupter protection for personnel, the sec¬ 
ondary winding of the isolation transformer connected to 
the pipeline or vessel being heated shall not have an output 
voltage greater than 30 volts ac. 

Where ground-fault circuit-interrupter protection for 
personnel is provided, the voltage shall be permitted to be 
greater than 30 but not more than 80 volts. 


427.20 Marking. Each factory-assembled heating unit 
shall be legibly marked within 75 mm (3 in.) of each end of 
the nonheating leads with the permanent identification sym¬ 
bol, catalog number, and ratings in volts and watts or in 
volts and amperes. 

427.22 Ground-Fault Protection of Equipment. Ground- 
fault protection of equipment shall be provided for electric 
heat tracing and heating panels. This requirement shall not 
apply in industrial establishments where there is al, 
dication of ground faults and the following conditio 
ply: 

(1) Conditions of maintenance and super insure 

only qualified persons service the ins ystems. 

(2) Continued circuit operation is ni 
tion of equipment or processes. 



427.23 Grounded Condu 

equipment shall be liste 
covering in accordance 
tive covering shall provide 
equipment protection. 



ic heating 
.ndecNpbnductive 
). The conduc- 
round path for 


(A) Heating Wires or Cables. Heating wires or cables 
shall have a grounded conductive covering that surrounds 
the heating element and bus wires, if any, and their electri¬ 
cal insulation. 




Exception: In industrial establishments, the isolation 
transformer .c&wnected to the pipeline or vessel being 
heated shall be permitted to have an output voltage not 
greater tha^^2 volts ac to ground where all of the follow¬ 
ing ci 


itions of maintenance and supervision ensure that 
qualified persons service the installed systems, 
round-fault protection of equipment is provided. 

ipeline or vessel being heated is completely en- 
cl^Wd in a grounded metal enclosure. 

e transformer secondary connections to the pipeline 
or vessel being heated are completely enclosed in a 
grounded metal mesh or metal enclosure. 

427.28 Induced Currents. All current-carrying compo¬ 
nents shall be installed in accordance with 300.20. 

427.29 Grounding. The pipeline, vessel, or both, that is 
being heated and operating at a voltage greater than 30 but 
not more than 80 shall be grounded at designated points. 

427.30 Secondary Conductor Sizing. The ampacity of the 
conductors connected to the secondary of the transformer 
shall be at least 100 percent of the total load of the heater. 


(B) Heating Panels. Heating panels shall have a grounded 
conductive covering over the heating element and its elec¬ 
trical insulation on the side opposite the side attached to the 
surface to be heated. 


V. Induction Heating 

427.35 Scope. This part covers the installation of line fre¬ 
quency induction heating equipment and accessories for 
pipelines and vessels. 


IV. Impedance Heating 

427.25 Personnel Protection. All accessible external sur¬ 
faces of the pipeline, vessel, or both, being heated shall be 
physically guarded, isolated, or thermally insulated (with a 
weatherproof jacket for outside installations) to protect 
against contact by personnel in the area. 


Informational Note: See Article 665 for other applications. 

427.36 Personnel Protection. Induction coils that operate 
or may operate at a voltage greater than 30 volts ac shall be 
enclosed in a nonmetallic or split metallic enclosure, iso¬ 
lated, or made inaccessible by location to protect personnel 
in the area. 
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427.37 Induced Current. Induction coils shall be pre¬ 
vented from inducing circulating currents in surrounding 
metallic equipment, supports, or structures by shielding, 
isolation, or insulation of the current paths. Stray current 
paths shall be bonded to prevent arcing. 


“off” position and that interrupt line current shall open all 
ungrounded conductors when the control device is in this 
“off” position. These devices shall not be permitted to serve 
as the disconnecting means unless capable of being locked 
in the open position. 


VI. Skin-Effect Heating 

427.45 Conductor Ampacity. The ampacity of the electri¬ 
cally insulated conductor inside the ferromagnetic envelope 
shall be permitted to exceed the values given in Article 310, 
provided it is identified as suitable for this use. 

427.46 Pull Boxes. Pull boxes for pulling the electrically 
insulated conductor in the ferromagnetic envelope shall be 
permitted to be buried under the thermal insulation, pro¬ 
vided their locations are indicated by permanent markings 
on the insulation jacket surface and on drawings. For out¬ 
door installations, pull boxes shall be of watertight con¬ 
struction. 

427.47 Single Conductor in Enclosure. The provisions of 
300.20 shall not apply to the installation of a single con¬ 
ductor in a ferromagnetic envelope (metal enclosure). 

427.48 Grounding. The ferromagnetic envelope shall be 
grounded at both ends, and, in addition, it shall be permit- “ 
ted to be grounded at intermediate points as required by its 
design. The ferromagnetic envelope shall be 
joints to ensure electrical continuity. 

The provisions of 250.30 shall not ap] 
lation of skin-effect heating systems. 


(B) Temperature Control Without “Off” Position. Tem¬ 
perature controlled switching devices that do not have an 
“off” position shall not be required to open all ungrounded 
conductors and shall not be permitted to serve as the dis¬ 
connecting means. 

(C) Remote Temperature Controller. Remote controlled 
temperature-actuated devices shall not be required to meet 
the requirements of 427.56(A) and (B). These devices shall 
not be permitted to,serve as the disconnecting means. 


(D) Combim 


consisting 



See Articf 



Devices. Switching devices 
temperature-actuated devices and 
manua IImcO ntrolled switches that serve both as the control¬ 
lers and the disconnectin^-^^ans shall comply with all the 
following conditions: 

(1) a^kt^pFungrounded conductors when manually placed 
in the 'foff” position 

Be deSigm^d so that the circuit cannot be energized 
rutomatically if the device has been manually placed in 
ate “off” position 
) Be capable of being locked in the open position 




Informational Note: 
methods. 


VII. Control and Protection 

427.55 Disconnecting Means. 

(A) Switch or Circuit Breaker. Means sKall be provided 
to simultaneously disconnect all fixed electric pipeline or 
vessel heating equipment from all ungrounded conductors. 
The branch-circuit switch or circuit breaker, where readily 
accessible to the user of the equipment, shall be permitted 
to serve as the disconnecting means. The disconnecting 
means shall be of the indicating type and shall be provided 
with a positive lockout in the “off” position. 


.57 Overcurrent Protection. Heating equipment shall 
considered as protected against overcurrent where sup¬ 
plied by a branch circuit as specified in 210.3 and 210.23. 


ARTICLE 430 

Motors, Motor Circuits, and Controllers 
I. General 

430.1 Scope. This article covers motors, motor branch- 
circuit and feeder conductors and their protection, motor 
overload protection, motor control circuits, motor control¬ 
lers, and motor control centers. 


(B) Cord-and-Plug-Connected Equipment. The factory- 
installed attachment plug of cord-and-plug-connected 
equipment rated 20 amperes or less and 150 volts or less to 
ground shall be permitted to be the disconnecting means. 

427.56 Controls. 

(A) Temperature Control with “Off” Position. 

Temperature-controlled switching devices that indicate an 


Informational Note No. 1: Installation requirements for 
motor control centers are covered in 110.27(E). Air- 
conditioning and refrigerating equipment are covered in Ar¬ 
ticle 440. 

Informational Note No. 2: Figure 430.1 is for information 
only. 

430.2 Definitions. [ROP 11-75] 
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General, 430.1 through 430.18 Part I 

Motor Circuit Conductors, 430.21 through 430.29 Part II 

Motor and Branch-Circuit Overload Protection, 430.31 Part III 

through 430.44 

Motor Branch-Circuit Short-Circuit and Ground-Fault Part IV 

Protection, 430.51 through 430.58 

Motor Feeder Short-Circuit and Ground-Fault Protection, Part V 
430.61 through 430.63 

Motor Control Circuits, 430.71 through 430.74 Part VI 

Motor Controllers, 430.81 through 430.90 Part VII 

Motor Control Centers, 430.92 through 430.98 Part VIII 

Disconnecting Means, 430.101 through 430.113 Part IX 

Adjustable Speed Drive Systems, 430.120 through 430.128 Part X 
Over 600 Volts, Nominal, 430.221 through 430.227 Part XI 

Protection of Live Parts—All Voltages, 430.231 Part XII 

through 430.233 

Grounding—All Voltages, 430.241 through 430.245 Part XIII 


Tables, Tables 430.247 through 430 

To S 

Motor feeder 

251(B) Part XIV 

J PP'V Part II 

1 430.24, 

430.25, 430.26 

Motor feeder 
short-circuit and 
ground-fault protection 

Part V 

Motor disconnecting means 

\ Part IX 

Motor branch-circuit 
short-circuit and 
ground-fault protection 

h 

Part IV 

Motor circuit conductor 

Part II 

Motor controller 


Motor control circuits 

Part ^ 


Motor overload protection 



Figure 430.1 Article 430^ 

Controller. For the purpose of this article, a controller is 
any switch or device that is normally used to start and stop 
a motor by making and breaking the motor circuit current. 

[ROP 11-8] 

System Isolation Equipment. A redundantly monitored, 
remotely operated contactor-isolating system, packaged to 
provide the disconnection/isolation function, capable of 
verifiable operation from multiple remote locations by 
means of lockout switches, each having the capability of 
being padlocked in the “off’ (open) position. 

Valve Actuator Motor (VAM) Assemblies. A manufac¬ 
tured assembly, used to operate a valve, consisting of an 
actuator motor and other components such as controllers, 
torque switches, limit switches, and overload protection. 

Informational Note: VAMs typically have short-time duty 
and high-torque characteristics. 

430.4 Part-Winding Motors. A part-winding start induc¬ 
tion or synchronous motor is one that is arranged for start¬ 


ing by first energizing part of its primary (armature) wind¬ 
ing and, subsequently, energizing the remainder of this 
winding in one or more steps. A standard part-winding start 
induction motor is arranged so that one-half of its primary 
winding can be energized initially, and, subsequently, the 
remaining half can be energized, both halves then carrying 
equal current. A hermetic refrigerant compressor motor 
shall not be considered a standard part-winding start induc¬ 
tion motor. 

Where separate overload devices are used with a stan¬ 
dard part-winding start induction motor, each half of the 
motor winding shall be individually protected in accor¬ 
dance with 430.32 and 430.37 with a trip current one-half 
that specified. 

Each motor-winding connection shall have branch- 
circuit short-circuit and ground-fault protection rated at not 
more than one-half that specified by 430.52. 

Exception: A short-circuit and ground-fault protective de- 
viaS'yghall be permtited for both windings if the device will 
$ow the motor to start. Where time-delay (dual-element) 
fuses o^^used, they snail be permitted to have a rating not 
receding 150 percent of the motor full-load current. 

Other Articles. Motors and controllers shall also 
ith the applicable provisions of Table 430.5. 

430.6 Ampacity and Motor Rating Determination. The 

size of conductors supplying equipment covered by Article 
430 shall be selected from the allowable ampacity tables in 
accordance with 310.15(B) or shall be calculated in accor¬ 
dance with 310.15(C). Where flexible cord is used, the size 
of the conductor shall be selected in accordance with 400.5. 
The required ampacity and motor ratings shall be deter¬ 
mined as specified in 430.6(A), (B), (C), and (D). 

(A) General Motor Applications. For general motor ap¬ 
plications, current ratings shall be determined based on 
(A)(1) and (A)(2). 

(1) Table Values. Other than for motors built for low 
speeds (less than 1200 RPM) or high torques, and for mul¬ 
tispeed motors, the values given in Table 430.247, Table 
430.248, Table 430.249, and Table 430.250 shall be used to 
determine the ampacity of conductors or ampere ratings of 
switches, branch-circuit short-circuit and ground-fault pro¬ 
tection, instead of the actual current rating marked on the 
motor nameplate. Where a motor is marked in amperes, but 
not horsepower, the horsepower rating shall be assumed to 
be that corresponding to the value given in Table 430.247, 
Table 430.248, Table 430.249, and Table 430.250, interpo¬ 
lated if necessary. Motors built for low speeds (less than 
1200 RPM) or high torques may have higher full-load cur¬ 
rents, and multispeed motors will have full-load current 
varying with speed, in which case the nameplate current 
ratings shall be used. 
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Table 430.5 Other Articles 


Equipment/Occupancy 


Article 


Section 


440 


511, 513, 514, 
515, 516, and 
517 Part IV 


Air-conditioning and 
refrigerating equipment 
Capacitors 

Commercial garages; 
aircraft hangars; motor 
fuel dispensing 
facilities; bulk storage 
plants; spray 
application, dipping, 
and coating processes; 
and inhalation 
anesthetizing locations 
Cranes and hoists 
Electrically driven or 
controlled irrigation 
machines 

Elevators, dumbwaiters, 
escalators, moving 
walks, wheelchair lifts, 
and stairway chair lifts 
Fire pumps 
Hazardous (classified) 
locations 

Industrial machinery 
Motion picture projectors 

Motion picture and 
television studios and 
similar locations 
Resistors and reactors 
Theaters, audience areas 
of motion picture and 
television studios, and 
similar locations 
Transformers and 
transformer vaults 


Exception No. 1: Multispeed motors' 
dance with 430.22(A) and 430.52. 


460.8, 460.9 


610 

675 


620 


695 

500-503, 505, 
and 506 [ROP 
11-26] 

670 


540.11 and 
540.20 


ie m accor 


Exception No. 2: For equipment that employs a shaded- 
pole or permanent-split capacitor-type fan or blower motor 
that is marked with the motor type, the full load current for 
such motor marked on the nameplate of the equipment in 
which the fan or blower motor is employed shall be used 
instead of the horsepower rating to determine the ampacity 
or rating of the disconnecting means, the branch-circuit 
conductors, the controller, the branch-circuit short-circuit 
and ground-fault protection, and the separate overload pro¬ 
tection, This marking on the equipment nameplate shall not 
be less than the current marked on the fan or blower motor 
nameplate. 

Exception No. 3: For a listed motor-operated appliance 
that is marked with both motor horsepower and full-load 
current, the motor full-load current marked on the name¬ 


plate of the appliance shall be used instead of the horse¬ 
power rating on the appliance nameplate to determine the 
ampacity or rating of the disconnecting means, the branch- 
circuit conductors, the controller, the branch-circuit short- 
circuit and ground-fault protection, and any separate over¬ 
load protection. 

(2) Nameplate Values. Separate motor overload protection 
shall be based on the motor nameplate current rating. 

(B) Torque Motors. For torque motors, the rated current 
shall be locked-rotor current, and this nameplate current 
shall be used to determine the ampacity of the branch- 
circuit conductors covered in 430.22 and 430.24, the am¬ 
pere rating of the motor overload protection, and the am¬ 
pere rating of motor branch-circuit short-circuit and 
ground-fault protection in accordance with 430.52(B). 


Information; 
ing mean; 




For motor controllers and disconnect- 
D) and 430.110. 


ating-Current Adjustable Voltage Motors. 

in alternating-current, adjustable voltage, 
drive systems, the ampacity of conductors, 
Stings of switches, branch-circuit short-circuit 
ault protection, and so forth, shall be based on 
aximom operating current marked on the motor or 
control nameplate, or both. If the maximum operating cur- 
doe^rot appear on the nameplate, the ampacity deter- 
ination shall be based on 150 percent of the values given 
Table 430.249 and Table 430.250. 

) Valve Actuator Motor Assemblies. For valve actuator 
motor assemblies (VAMs), the rated current shall be the 
nameplate full-load current, and this current shall be used 
to determine the maximum rating or setting of the motor 
branch-circuit short-circuit and ground-fault protective de¬ 
vice and the ampacity of the conductors. 

430.7 Marking on Motors and Multimotor Equipment. 

(A) Usual Motor Applications. A motor shall be marked 
with the following information: 

(1) Manufacturer’s name. 

(2) Rated volts and full-load current. For a multispeed 
motor, full-load current for each speed, except 
shaded-pole and permanent-split capacitor motors 
where amperes are required only for maximum speed. 

(3) Rated frequency and number of phases if an ac motor. 

(4) Rated full-load speed. 

(5) Rated temperature rise or the insulation system class 
and rated ambient temperature. 

(6) Time rating. The time rating shall be 5, 15, 30, or 60 
minutes, or continuous. 

(7) Rated horsepower if Vs hp or more. For a multispeed 
motor Vs hp or more, rated horsepower for each speed, 
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except shaded-pole and permanent-split capacitor mo¬ 
tors Vs hp or more where rated horsepower is required 
only for maximum speed. Motors of arc welders are 
not required to be marked with the horsepower rating. 

(8) Code letter or locked-rotor amperes if an alternating- 
current motor rated Vi hp or more. On polyphase 
wound-rotor motors, the code letter shall be omitted. 

Informational Note: See 430.7(B). 

(9) Design letter for design B, C, or D motors. 

Informational Note: Motor design letter definitions are 
found in ANSI/NEMA MG 1-1993, Motors and Genera¬ 
tors, Part 1, Definitions, and in IEEE 100-1996, Standard 
Dictionary of Electrical and Electronic Terms. 

(10) Secondary volts and full-load current if a wound-rotor 
induction motor. 

(11) Field current and voltage for dc excited synchronous 
motors. 

(12) Winding — straight shunt, stabilized shunt, com¬ 
pound, or series, if a dc motor. Fractional horsepower 
dc motors 175 mm (7 in.) or less in diameter shall not 
be required to be marked. 

(13) A motor provided with a thermal protector complying 
with 430.32(A)(2) or (B)(2) shall be marked 
mally Protected.” Thermally protected motor: 

100 watts or less and complying with 430.32i 
shall be permitted to use the abbreviated mar 

“Tp” 

(14) A motor complying with 4'. hall 

marked “Impedance Protected, 
motors rated 100 watts or less 1 
430.32(B)(4) shall be permitti 
marking “Z.P.” 

(15) Motors equipped with electrically 
tion prevention heaters shall be mar] 
heater voltage, number of phases, 
in watts. 


Table 430.7(B) Locked-Rotor Indicating Code Letters 



ered condensa- 
d with the rated 
the rated power 


Code Letter 

Kilovolt-Amperes per Horsepower 
with Locked Rotor 

A 

0-3.14 

B 

3.15-3.54 

C 

3.55-3.99 

D 

4.0-4.49 

E 

4.5-4.99 

F 

5.0-5.59 

G 

5.6-6.29 

H 

6.3-7.09 

J 

7.1-7.99 

K 

8.0-8.99 

L . 

9.0-9.99 


10.0-11.19 

/ ■ -ik 11.2-12.49 

<(V f\\ 12.5-13.99 

/\ V R \ 14.0-15.99 

S 16.0-17.99 



U 

V 


18.0-19.99 
20.0-22.39 
22.4 and up 


with a code letter corresponding to the locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp) for the wye 
connection. 

(3) Dual-Voltage Motors. Dual-voltage motors that have a 
different locked-rotor kilovolt-ampere (kVA) per horse¬ 
power (hp) on the two voltages shall be marked with the 
code letter for the voltage giving the highest locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp). 

(4) 50/60 Hz Motors. Motors with 50- and 60-Hz ratings 
shall be marked with a code letter designating the locked- 
rotor kilovolt-ampere (kVA) per horsepower (hp) on 60 Hz. 


(B) Locked-Rotor Indicating Code Letters. Code letters 
marked on motor nameplates to show motor input with 
locked rotor shall be in accordance with Table 430.7(B). 

The code letter indicating motor input with locked rotor 
shall be in an individual block on the nameplate, properly 
designated. 

(1) Multispeed Motors. Multispeed motors shall be 
marked with the code letter designating the locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp) for the highest 
speed at which the motor can be started. 


(5) Part-Winding Motors. Part-winding start motors shall 
be marked with a code letter designating the locked-rotor 
kilovolt-ampere (kVA) per horsepower (hp) that is based on 
the locked-rotor current for the full winding of the motor. 

(C) Torque Motors. Torque motors are rated for operation 
at standstill and shall be marked in accordance with 
430.7(A), except that locked-rotor torque shall replace 
horsepower. 

(D) Multimotor and Combination-Load Equipment. 


Exception: Constant horsepower multispeed motors shall 
be marked with the code letter giving the highest locked- 
rotor kilovolt-ampere (kVA) per horsepower (hp). 

(2) Single-Speed Motors. Single-speed motors starting on 
wye connection and running on delta connections shall be 


(1) Factory-Wired. Multimotor and combination-load 
equipment shall be provided with a visible nameplate 
marked with the manufacturer’s name, the rating in volts, 
frequency, number of phases, minimum supply circuit con¬ 
ductor ampacity, and the maximum ampere rating of the 
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circuit short-circuit and ground-fault protective device. The 
conductor ampacity shall be calculated in accordance with 
430.24 and counting all of the motors and other loads that 
will be operated at the same time. The short-circuit and 
ground-fault protective device rating shall not exceed the 
value calculated in accordance with 430.53. Multimotor 
equipment for use on two or more circuits shall be marked 
with the preceding information for each circuit. 

(2) Not Factory-Wired. Where the equipment is not 
factory-wired and the individual nameplates of motors and 
other loads are visible after assembly of the equipment, the 
individual nameplates shall be permitted to serve as the 
required marking. 

430.8 Marking on Controllers. A controller shall be 
marked with the manufacturer’s name or identification, the 
voltage, the current or horsepower rating, the short-circuit 
current rating, and other necessary data to properly indicate 
the applications for which it is suitable. [ROP 11-28] 

Exception No. 1: The short-circuit current rating is not 
required for controllers applied in accordance with 
430.81(A) or (B). 

Exception No. 2: The short-circuit rating is not required to 
be marked on the controller when the short-circuit curren 
rating of the controller is marked elsewhere on the 
assembly. 

Exception No. 3: The short-circuit rating is not required to 
be marked on the controller when the assembly fnto which 
it is installed has a marked short-circuit current ratin, 
Exception No. 4: Short-circuit ratings are m 
controllers rated less than 2 hp at 3 0QJiLnr lei. 
exclusively for general-purpose 

A controller that includes motor overload 
suitable for group motor applic 
the motor overload protection and the maxiinu 
circuit short-circuit and ground-fault protection 
applications. 

Combination controllers that employ adjustable instan¬ 
taneous trip circuit breakers shall be clearly marked to in¬ 
dicate the ampere settings of the adjustable trip element. 

Where a controller is built in as an integral part of a 
motor or of a motor-generator set, individual marking of 
the controller shall not be required if the necessary data are 
on the nameplate. For controllers that are an integral part of 
equipment approved as a unit, the above marking shall be 
permitted on the equipment nameplate. 

Informational Note: See 110.10 for information on circuit 

impedance and other characteristics. 

430.9 Terminals. 

(A) Markings. Terminals of motors and controllers shall 
be suitably marked or colored where necessary to indicate 
the proper connections. 


roteMon 
ked with 
branch- 
for such 


(B) Conductors. Motor controllers and terminals of con¬ 
trol circuit devices shall be connected with copper conduc¬ 
tors unless identified for use with a different conductor. 

(C) Torque Requirements. Control circuit devices with 
screw-type pressure terminals used with 14 AWG or 
smaller copper conductors shall be torqued to a minimum 
of 0.8 N-m (7 lb-in.) unless identified for a different torque 
value. 

430.10 Wiring Space in Enclosures. 

(A) General. Enclosures for motor controllers and discon¬ 
necting means shall not be used as junction boxes, auxiliary 
gutters, or raceways for conductors feeding through or tap¬ 
ping off to the other apparatus unless designs are employed 
that provide adequate space for this purpose. 


Informationa] 
device en< 



See 312.8 for switch and overcurrent- 



(B) Wire-Bending Spac&in Enclosures. Minimum wire¬ 
bending space within the enclosures for motor controllers 
shall be in accordance with Table 430.10(B) where mea¬ 
sured in a straight line from the end of the lug or wire 
connector (in the direction the wire leaves the terminal) to 
wall or barrier. Where alternate wire termination means 
are substitutediTor that supplied by the manufacturer of the 
controller. the\ shall be of a type identified by the manu- 
turer for use with the controller and shall not reduce the 
inimum wire-bending space. 

able 430.10(B) Minimum Wire-Bending Space at the 
Terminals of Enclosed Motor Controllers 


Size of 
Wire 


Wires per Terminal* 


V/\vvvj or 

kemil) 

mm 

in. 

mm 

in. 

14-10 

Not specified 

— 

— 

8-6 

38 

1 V 2 

— 

— 

4-3 

50 

2 

— 

— 

2 

65 

2Vz 

— 

— 

1 

75 

3 

— 

— 

1/0 

125 

5 

125 

5 

2/0 

150 

6 

150 

6 

3/0-4/0 

175 

7 

175 

7 

250 

200 

8 

200 

8 

300 

250 

10 

250 

10 

350-500 

300 

12 

300 

12 

600-700 

350 

14 

400 

16 

750-900 

450 

18 

475 

19 

Where provision for three 

or more 

wires per tenninal 

exists, the 

minimum wire-bending space shall be 
ments of Article 312. 

in accordance with the require- 


430.11 Protection Against Liquids. Suitable guards or en¬ 
closures shall be provided to protect exposed current- 


70-332 


NATIONAL ELECTRICAL CODE 2014 Edition 










ARTICLE 430 — MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 


430.12 


carrying parts of motors and the insulation of motor leads 
where installed directly under equipment, or in other loca¬ 
tions where dripping or spraying oil, water, or other liquid 
is capable of occurring, unless the motor is designed for the 
existing conditions. 

430.12 Motor Terminal Housings. 

(A) Material. Where motors are provided with terminal 
housings, the housings shall be of metal and of substantial 
construction. 

Exception: In other than hazardous (classified) locations, 
substantial, nonmetallic, noncombustible housings shall be 
permitted, provided an internal grounding means between 
the motor frame and the equipment grounding connection 
is incorporated within the housing. 

(B) Dimensions and Space — Wire-to-Wire Connec¬ 
tions. Where these terminal housings enclose wire-to-wire 
connections, they shall have minimum dimensions and us¬ 
able volumes in accordance with Table 430.12(B). 


Direct-Current Motors 


Maximum 
Full-Load 
Current for 
Motors with 

Terminal Box 
Minimum 
Dimensions 

Usable Volume 
Minimum 

6 Leads 
(Amperes) 

mm 

in. 

cm 3 

in. 3 

68 

65 

2.5 

425 

26 

105 

84 

3.3 

900 

55 

165 

100 

4.0 

1,640 

100 

240 

125 

5.0 

2,950 

180 

375 

150 

6.0 

5,410 

330 

600 # 

► 175 

7.0 

9,840 

600 

900 

200 

8.0 

18,040 

1,100 


Note: Auxiliary leads for such items as brakes, thermostats, space 
heaters, and exciting fields shall be permitted to be neglected if their 
c^Mit-carrying are^toes not exceed 25 percent of the current- 
carrying area of the machuie power leads. 

E For motifs rated 1 hp and smaller, and with the terminal housing 
^partially or wholly integral with the frame or end shield, the volume 
of the terminal housing shall not be less than 18.0 cm 3 (1.1 in. 3 ) per 
\^Mto-wire connection. The minimum cover opening dimension is 
notsf^^fied. 

b For motors rated 1 Vi, 2, and 3 hp, and with the terminal housing 
partially or wholly integral with the frame or end shield, the volume 
of terminal housing shall not be less than 23.0 cm 3 (1.4 in. 3 ) per 
wire-to-wire connection. The minimum cover opening dimension is 
not specified. 

(C) Dimensions and Space — Fixed Terminal Connec¬ 
tions. Where these terminal housings enclose rigidly 
mounted motor terminals, the terminal housing shall be of 
sufficient size to provide minimum terminal spacings and 
usable volumes in accordance with Table 430.12(C)(1) and 
Table 430.12(C)(2). 

Table 430.12(C)(1) Terminal Spacings — Fixed Terminals 


Table 430.12(B) Terminal Housings — Wire-to-Wire 
Connections 


Motors 275 mm (11 in.) in Diameter 


Cover Opening 
Minimum Dimensio 


Horsepower 



1 and smaller 3 

41 'W\ 5 / 

's 170 

10.5 

m, 2, and 3 b 

45 £ l 3 / 

275^ 

" 16.8 

5 and 7'A 

50 : 

2 »365 

22.4 

10 and 15 

65 \V/ 

'2 #595 

36.4 


Motors Over 275 mm (11 

Alternating-Currenf 



Diameter - 
otors 


Maximum 
Full Load 
Current for 
3-Phase 
Motors with 
Maximum of - 
12 Leads 
(Amperes) 

Terminal 
Box Cover 
Opening 
Minimum 
Dimension 

Usable 

Volume 

Minimum 

Typical 

Maximum 

Horsepower 

3-Phase 

mm 

in. 

cm 3 

in. 3 

230 

Volt 

460 

Volt 

45 

65 

2.5 

595 

36.4 

15 

30 

70 

84 

3.3 

1,265 

77 

25 

50 

110 

100 

4.0 

2,295 

140 

40 

75 

160 

125 

5.0 

4,135 

252 

60 

125 

250 

150 

6.0 

7,380 

450 

100 

200 

400 

175 

7.0 

13,775 

840 

150 

300 

600 

200 

8.0 

25,255 

1540 

250 

500 


Minimum Spacing 


Between Line 
Terminals and Other 
Between Line Uninsulated Metal 

Terminals Parts 

Nominal - - 

Volts mm in. mm in. 


240 or less 6 14 6 14 

Over 250 - 10 3 /g 10 3 /s 

1000 [ROP 
11 - 20 ] 


(D) Large Wire or Factory Connections. For motors 
with larger ratings, greater number of leads, or larger wire 
sizes, or where motors are installed as a part of factory- 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-333 































430.13 


ARTICLE 430 — MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 


Table 430.12(C)(2) Usable Volumes — Fixed Terminals 


Power-Supply 
Conductor Size 

Minimum Usable Volume per 
Power-Supply Conductor 

(AWG) 

cm 3 

in. 3 

14 

16 

1 

12 and 10 

20 

PA 

8 and 6 

37 

214 


Exception: Installation of these motors on wooden floors 
or supports shall be permitted. 

430.16 Exposure to Dust Accumulations. In locations 
where dust or flying material collects on or in motors in 
such quantities as to seriously interfere with the ventilation 
or cooling of motors and thereby cause dangerous tempera¬ 
tures, suitable types of enclosed motors that do not overheat 
under the prevailing conditions shall be used. 


wired equipment, without additional connection being re¬ 
quired at the motor terminal housing during equipment in¬ 
stallation, the terminal housing shall be of ample size to 
make connections, but the foregoing provisions for the vol¬ 
umes of terminal housings shall not be considered appli¬ 
cable. 

(E) Equipment Grounding Connections. A means for at¬ 
tachment of an equipment grounding conductor termination 
in accordance with 250.8 shall be provided at motor termi¬ 
nal housings for wire-to-wire connections or fixed terminal 
connections. The means for such connections shall be per¬ 
mitted to be located either inside or outside the motor ter¬ 
minal housing. 

Exception: Where a motor is installed as a part of factory- 
wired equipment that is required to be grounded and with¬ 
out additional connection being required at the motor ter 
initial housing during equipment installation^Tseparate 
means for motor grounding at the motor terminal ho, 
shall not be required. 

430.13 Bushing. Where wires pass through an opening in 
an enclosure, conduit box, or barrier, a bushing sIH^be 
used to protect the conductors from the edges pf openings 
having sharp edges. The bushing shall have smooth, well- 
rounded surfaces where it may be in contact with the con¬ 
ductors. If used where oils, greases, or other contaminants 
may be present, the bushing shall be made of material not 
deleteriously affected. 

Informational Note: For conductors exposed to deteriorat¬ 
ing agents, see 310.10(G). 


Informational Note: Especially severe conditions may re¬ 
quire the use of enclosed pipe-ventilated motors, or enclo¬ 
sure in separate dusttight rooms, properly ventilated from a 
source of clean air. 

430.17 Highest Rated or Smallest Rated Motor. In de¬ 
termining compliance with 430.24, 430.53(B), and 
430.53(C), the highest rated or smallest rated motor shall 
be based on the rated full-load current as selected from 
Table 430.247. TaH^O.248, Table 430.249, and Table 
430.25C ^ 

430.18 Nominal Voltage of Rectifier Systems. The nomi¬ 
nal valu ■ of the ac voltage being rectified shall be used to 
determn e the voltage of a rectifier derived system. 



tion: 



nominal dc voltage of the rectifier shall be 
ceeds the peak value of the ac voltage being 


Motor Circuit Conductors 


430.21 General. Part II specifies ampacities of conductors 
that are capable of carrying the motor current without over¬ 
heating under the conditions specified. 

The provisions of Part II shall not apply to motor cir¬ 
cuits rated over 1000 volts, nominal. [ROP 11-20] 

Informational Note: For over 600 volts, nominal, see Part 

XI. [ROP ll-29b] 

The provisions of Articles 250, 300, and 310 shall not 
apply to conductors that form an integral part of equipment, 
such as motors, motor controllers, motor control centers, or 
other factory-assembled control equipment. 


430.14 Location of Motors. 

(A) Ventilation and Maintenance. Motors shall be lo¬ 
cated so that adequate ventilation is provided and so that 
maintenance, such as lubrication of bearings and replacing 
of brushes, can be readily accomplished. 

Exception: Ventilation shall not be required for submers¬ 
ible types of motors. 


Informational Note: See 110.14(C) and 430.9(B) for 
equipment device terminal requirements. [ROP ll-29b] 

430.22 Single Motor. Conductors that supply a single mo¬ 
tor used in a continuous duty application shall have an 
ampacity of not less than 125 percent of the motor full-load 
current rating, as determined by 430.6(A)(1), or not less 
than specified in 430.22(A) through (G). 


(B) Open Motors. Open motors that have commutators or 
collector rings shall be located or protected so that sparks 
cannot reach adjacent combustible material. 


(A) Direct-Current Motor-Rectifier Supplied. For dc 

motors operating from a rectified power supply, the con¬ 
ductor ampacity on the input of the rectifier shall not be 
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less than 125 percent of the rated input current to the rec¬ 
tifier. For dc motors operating from a rectified single-phase 
power supply, the conductors between the field wiring out¬ 
put terminals of the rectifier and the motor shall have an 
ampacity of not less than the following percentages of the 
motor full-load current rating: 

(1) Where a rectifier bridge of the single-phase, half-wave 
type is used, 190 percent. 

(2) Where a rectifier bridge of the single-phase, full-wave 
type is used, 150 percent. 

(B) Multispeed Motor. For a multispeed motor, the selec¬ 
tion of branch-circuit conductors on the line side of the 
controller shall be based on the highest of the full-load 
current ratings shown on the motor nameplate. The ampac¬ 
ity of the branch-circuit conductors between the controller 
and the motor shall not be less than 125 percent of the 
current rating of the winding(s) that the conductors ener¬ 
gize. 

(C) Wye-Start, Delta-Run Motor. For a wye-start, delta- 
run connected motor, the ampacity of the branch-circuit 
conductors on the line side of the controller shall not be 
less than 125 percent of the motor full-load current as de¬ 
termined by 430.6(A)(1). The ampacity of the com 
between the controller and the motor shall not be les 
72 percent of the motor full-load current rating as 
mined by 430.6(A)(1). 

Informational Note: The individual motpi circui nduc 
tors of a wye-start, delta-run connect^Bfeotor c; 
cent of the rated load current. The multiplier o| Z peri 
is obtained by multiplying 58 percent by 1.25 


Table 430.22(E) Duty-Cycle Service 


(D) Part-Winding Mot 

motor, the ampacity of tl 
line side of the controller s' 
of the motor full-load 
430.6(A)(1). The ampacity of 
controller and the motor shall not hi 




nding connected 
inductors on the 
an 125 percent 
determined by 
uctors between the 
than 62.5 percent 



Nameplate Current Rating Percentages 

Classification of 
Service 

5-Minute 
Rated Motor 

15-Minute 

Rated 

Motor 

30- & 60- 
Minute 
Rated 
Motor 

Contin¬ 

uous 

Rated 

Motor 

Short-time duty 
operating valves, 
raising or lowering 
rolls, etc. 

110 

120 

150 

— 

Intermittent duty 
freight and 
passenger elevators, 
tool heads, pumps, 
drawbridges, 
turntables, etc. (for 
arc welders, s^^^ 
630.11) 

85 

85 

90 

140 

Periodi^duty rolls, 
ore- and 
c^^handling 
machines, etc. 

85 

90 

95 

140 

Van ir.g dut\ 

110 

120 

150 

200 



of the motor full-load current rating as determined by 
430.6(A)(1). 


Any motor application shall be considered as continuous duty 
nature of the apparatus it drives is such that the motor will 
continuously with load under any condition of use. 

provided they have an ampacity as specified in 
2(A). 


(G) Conductors for Small Motors. Conductors for small 
motors shall not be smaller than 14 AWG unless otherwise 
permitted in 430.22(G)(1) or (G)(2). 

(1) 18 AWG Copper. Where installed in a cabinet or en¬ 
closure, 18 AWG individual copper conductors, copper 
conductors that are part of a jacketed multiconductor cable 
assembly, or copper conductors in a flexible cord shall be 
permitted, under either of the following sets of conditions: 
(1) The circuit supplies a motor with a full-load current 
rating, as determined by 430.6(A)(1), greater than 3.5 
amperes and less than or equal to 5 amperes and all the 
following conditions are met: [ROP ll-29a] 


Informational Note: The multiplier of 62.5 percent is ob¬ 
tained by multiplying 50 percent by 1.25. 

(E) Other Than Continuous Duty. Conductors for a mo¬ 
tor used in a short-time, intermittent, periodic, or varying 
duty application shall have an ampacity of not less than the 
percentage of the motor nameplate current rating shown in 
Table 430.22(E), unless the authority having jurisdiction 
grants special permission for conductors of lower ampacity. 

(F) Separate Terminal Enclosure. The conductors be¬ 
tween a stationary motor rated 1 hp or less and the separate 
terminal enclosure permitted in 430.245(B) shall be permit¬ 
ted to be smaller than 14 AWG but not smaller than 18 


a. The circuit is protected in accordance with 430.52. 

b. The circuit is provided with maximum Class 10 or 
Class 10a overload protection in accordance with 
430.32. [ROP ll-29a] 

c. Overcurrent protection is provided in accordance 
with 240.4(D)(1)(2). 

(2) The circuit supplies a motor with a full-load current 
rating, as determined by 430.6(A)(1), of 3.5 amperes or 
less and all the following conditions are met: [ROP 
ll-29a] 

a. The circuit is protected in accordance with 430.52. 

b. The circuit is provided with maximum Class 20 
overload protection in accordance with 430.32. 
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c. Overcurrent protection is provided in accordance 
with 240.4(D)(1)(2). 

(2) 16 AWG Copper. Where installed in a cabinet or en¬ 
closure, 16 AWG individual copper conductors, copper 
conductors that are part of a jacketed multiconductor cable 
assembly, or copper conductors in a flexible cord shall be 
permitted under either of the following sets of conditions: 

(1) The circuit supplies a motor with a full-load current 
rating, as determined by 430.6(A)(1), greater than 5.5 
amperes and less than or equal to 8 amperes or less and 
all the following conditions are met: [ROP ll-29a] 


Table 430.23(C) Secondary Conductor 


Ampacity of Conductor in 
Percent of Full-Load 
Resistor Duty Classification Secondary Current 


Light starting duty 

35 

Heavy starting duty 

45 

Extra-heavy starting duty 

55 

Light intermittent duty 

65 

Medium intermittent duty 

75 

Heavy intermittent duty 

85 

Continuous duty 

110 


a. The circuit is protected in accordance with 430.52. 

b. The circuit is provided with maximum Class 10 or 
Class 10A overload protection in accordance with 
430.32. [ROP ll-29a] 

c. Overcurrent protection is provided in accordance 
with 240.4(D)(2)(2). 

(2) The circuit supplies a motor with a full-load current 
rating, as determined by 430.6(A)(1), of 5.5 amperes or 
less and all the following conditions are met: [ROP 
ll-29a] 

a. The circuit is protected in accordance with 430.52. 

b. The circuit is provided with maximum Class 20. 
overload protection in accordance with 430.32. 

c. Overcurrent protection is provided in accordance 
with 240.4(D)(2)(2). 

430.23 Wound-Rotor Secondary. 

(A) Continuous Duty. For continuous duty, th 
connecting the secondary of a wound-rotor ac 
controller shall have an ampacity not lessthan 125 
of the full-load secondary current of the motofl 

(B) Other Than Continuous Duty. For o idphan con¬ 
tinuous duty, these conductors shall have a ampacity, in 
percent of full-load secondary current, not 
specified in Table 430.22(E). 


ess than that 


(C) Resistor Separate from Controller. Where the sec¬ 
ondary resistor is separate from the controller, the ampacity 
of the conductors between controller and resistor shall not 
be less than that shown in Table 430.23(C). 



(4) 125 percent of the continuous non-motor load. 

Informational Noje: See Informative Annex D, Example 
No. D8. 

Exception HfiW'- Twcre one or more of the motors of the 
group abused for showtime, intermittent, periodic, or 
varyitu0mty, the ampere rating of such motors to be used 
in the 'summaMen shall be Wetermined in accordance with 
430.22(Ej.^mr the highest rated motor, the greater of ei¬ 
ther the ampere rating from 430.22(E) or the largest con- 
Jinuous c^lk motor full-load current multiplied by 1.25 
1 in the summation. 

b. 2: The ampacity of conductors supplying 
operated fixed electric space-heating equipment 
comply with 424.3(B). 

*ception No. 3: Where the circuitry is interlocked so as 
"to prevent simultaneous operation of selected motors or 
other loads, the conductor ampacity shall be permitted to 
be based on the summation of the currents of the motors 
and other loads to be operated simultaneously that results 
in the highest total current. 

430.25 Multimotor and Combination-Load Equipment. 

The ampacity of the conductors supplying multimotor and 
combination-load equipment shall not be less than the mini¬ 
mum circuit ampacity marked on the equipment in accor¬ 
dance with 430.7(D). Where the equipment is not factory- 
wired and the individual nameplates are visible in 
accordance with 430.7(D)(2), the conductor ampacity shall 
be determined in accordance with 430.24. 



430.24 Several Motors or a Motor(s) and Other 
Load(s). Conductors supplying several motors, or a mo¬ 
tors) and other load(s), shall have an ampacity not less 
than the sum of each of the following: 

(1) 125 percent of the full-load current rating of the highest 
rated motor, as determined by 430.6(A) 

(2) Sum of the full-load current ratings of all the other 
motors in the group, as determined by 430.6(A) 

(3) 100 percent of the noncontinuous non-motor load 


430.26 Feeder Demand Factor. Where reduced heating of 
the conductors results from motors operating on duty-cycle, 
intermittently, or from all motors not operating at one time, 
the authority having jurisdiction may grant permission for 
feeder conductors to have an ampacity less than specified in 
430.24, provided the conductors have sufficient ampacity 
for the maximum load determined in accordance with the 
sizes and number of motors supplied and the character of 
their loads and duties. 
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Informational Note: Demand factors determined in the de¬ 
sign of new facilities can often be validated against actual 
historical experience from similar installations. Refer to 
ANSI/IEEE Std. 141, IEEE Recommended Practice for 
Electric Power Distribution for Industrial Plants, and 
ANSI/IEEE Std. 241, Recommended Practice for Electric 
Power Systems in Commercial Buildings, for information 
on the calculation of loads and demand factor. 

430.27 Capacitors with Motors. Where capacitors are in¬ 
stalled in motor circuits, conductors shall comply with 
460.8 and 460.9. 

430.28 Feeder Taps. Feeder tap conductors shall have an 
ampacity not less than that required by Part II, shall termi¬ 
nate in a branch-circuit protective device, and, in addition, 
shall meet one of the following requirements: 


430.29 Constant Voltage Direct-Current Motors — 
Power Resistors. Conductors connecting the motor con¬ 
troller to separately mounted power accelerating and dy¬ 
namic braking resistors in the armature circuit shall have an 
ampacity not less than the value calculated from Table 
430.29 using motor full-load current. If an armature shunt 
resistor is used, the power accelerating resistor conductor 
ampacity shall be calculated using the total of motor full¬ 
load current and armature shunt resistor current. 

Armature shunt resistor conductors shall have an am¬ 
pacity of not less than that calculated from Table 430.29 
using rated shunt resistor current as full-load current. 

Table 430.29 Conductor Rating Factors for Power Resistors 


(1) Be enclosed either by an enclosed controller or by a 
raceway, be not more than 3.0 m (10 ft) in length, and, 
for field installation, be protected by an overcurrent 
device on the line side of the tap conductor, the rating 
or setting of which shall not exceed 1000 percent of the 
tap conductor ampacity 

(2) Have an ampacity of at least one-third that of the feeder 
conductors, be suitably protected from physical dam¬ 
age or enclosed in a raceway, and be not more than 7.5 
m (25 ft) in length 

(3) Have an ampacity not less than the feeder condud 

Exception: Feeder taps over 7.5 m (25 
bay manufacturing buildings [over 
walls], where conditions of maintet ,j 
ensure that only qualified persons sef 
ductors tapped to a feeder shalLk&jpermt 
7.5 m (25 ft) long horizontally and not)pyei 
in total length where a 
met: 


(1) The ampacity of the tap 
one-third that of the feeder 



not over 
[m (100ft) 
Hions are 


•s is not less than 
’uctors. 



Time in Seconds 


Ampacity of 
Conductor in 



Percent of 

V 

Off 

Full-Load Current 

r 5 > 

r ^ o 

75 

70 

35 

45 

k ^^15 

75 

55 

15 

45 

65 

15 

30 

75 

5 

15 

85 

> Continuous Duty 


110 


III. Motor and Branch-Circuit Overload Protection 


430.31 General. Part III specifies overload devices in¬ 
tended to protect motors, motor-control apparatus, and mo¬ 
tor branch-circuit conductors against excessive heating due 
to motor overloads and failure to start. 

Informational Note No. 1: See Informative Annex D, Ex¬ 
ample No. D8. [ROP ll-29b] 

Informational Note No. 2: See the definition of Overload 
in Article 100. [ROP ll-29b] 


(2) The tap conductors terminate with a single circuit 
breaker or a single set of fuses complying with (1) Part 
IV, where the load-side conductors are a branch circuit, 
or (2) Part V, where the load-side conductors are a 
feeder. 

(3) The tap conductors are suitably protected from physi¬ 
cal damage and are installed in raceways. 

(4) The tap conductors are continuous from end-to-end 
and contain no splices. 

(5) The tap conductors shall be 6 AWG copper or 4 AWG 
aluminum or larger. 


These provisions shall not require overload protection 
where a power loss would cause a hazard, such as in the 
case of fire pumps. 

Informational Note: For protection of fire pump supply 

conductors, see 695.7. 

The provisions of Part III shall not apply to motor cir¬ 
cuits rated over 1000 volts, nominal. [ROP 11-20] 

Informational Note: For over 1000 volts, nominal, see Part 

XI. [ROP 11-20] 

[ROP ll-29b] 


(6) The tap conductors shall not penetrate walls, floors, or 
ceilings. 


430.32 Continuous-Duty Motors. 


(7) The tap shall not be made less than 9.0 m (30 ft) from 
the floor. 


(A) More Than 1 Horsepower. Each motor used in a con¬ 
tinuous duty application and rated more than 1 hp shall be 
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protected against overload by one of the means in 
430.32(A)(1) through (A)(4). 

(1) Separate Overload Device. A separate overload de¬ 
vice that is responsive to motor current. This device shall 
be selected to trip or shall be rated at no more than the 
following percent of the motor nameplate full-load current 
rating: 


approved assembly that does not normally subject the mo¬ 
tor to overloads. 

(4) Larger Than 1500 Horsepower. For motors larger 
than 1500 hp, a protective device having embedded tem¬ 
perature detectors that cause current to the motor to be 
interrupted when the motor attains a temperature rise 
greater than marked on the nameplate in an ambient tem¬ 
perature of 40°C. 


Motors with a marked service factor 
1.15 or greater 

Motors with a marked temperature 
rise 40°C or less 
All other motors 


125% 

125% 

115% 


Modification of this value shall be permitted as provided in 
430.32(C). For a multispeed motor, each winding connec¬ 
tion shall be considered separately. 

Where a separate motor overload device is connected so 
that it does not carry the total current designated on the 
motor nameplate, such as for wye-delta starting, the proper 
percentage of nameplate current applying to the selection or 
setting of the overload device shall be clearly designated o 
the equipment, or the manufacturer’s selection table shall 
take this into account. 

Informational Note: Where power factor corn 
pacitors are installed on the load side of the moJ 
device, see 460.9. 

(2) Thermal Protector. A thermal protector integral with 
the motor, approved for use with the motor it promts on 
the basis that it will prevent dangerous overheating of the 
motor due to overload and failure to start. The ultimate trip 
current of a thermally protected motor shall nouexceed the 
following percentage of motor full-load curgjjtit given in 
Table 430.248, Table 430.249, and Table 430.250: 


Motor full-load current 9 amperes or less 170% 

Motor full-load current from 9.1 to, and 156% 

including, 20 amperes 

Motor full-load current greater than 20 amperes 140% 


If the motor current-interrupting device is separate from the 
motor and its control circuit is operated by a protective 
device integral with the motor, it shall be arranged so that 
the opening of the control circuit will result in interruption 
of current to the motor. 

(3) Integral with Motor. A protective device integral with 
a motor that will protect the motor against damage due to 
failure to start shall be permitted if the motor is part of an 



(B) One Horsepower or Less, Automatically Started. 

Any motor of 1 hp or less that is started automatically shall 
be protected against overload by one of the following 
means. 

(1) Separate Overload Device. By a separate overload 
device following thejjequirements of 430.32(A)(1). 

For a multispeed motor, each winding connection shall 
be considered sejjmtfely. Modification of this value shall be 
permitted aS'pfbvK^^-in 430.32(C). 

al Protector. A .thermal protector integral with 
oved for u^pvith the motor that it protects 
t it will prevent dangerous overheating of 
e to overload and failure to start. Where the 
t-interrupting device is separate from the mo- 
ol circuit is operated by a protective device 
e motor, it shall be arranged so that the 
e control circuit results in interruption of cur- 
to the motor. 

Integral with Motor. A protective device integral with 
otor that protects the motor against damage due to fail¬ 
ure to start shall be permitted (1) if the motor is part of an 
approved assembly that does not subject the motor to over¬ 
loads, or (2) if the assembly is also equipped with other 
safety controls (such as the safety combustion controls on a 
domestic oil burner) that protect the motor against damage 
due to failure to start. Where the assembly has safety con¬ 
trols that protect the motor, it shall be so indicated on the 
nameplate of the assembly where it will be visible after 
installation. 

(4) Impedance-Protected. If the impedance of the motor 
windings is sufficient to prevent overheating due to failure 
to start, the motor shall be permitted to be protected as 
specified in 430.32(D)(2)(a) for manually started motors if 
the motor is part of an approved assembly in which the 
motor will limit itself so that it will not be dangerously 
overheated. 

Informational Note: Many ac motors of less than V 20 hp, 
such as clock motors, series motors, and so forth, and also 
some larger motors such as torque motors, come within this 
classification. It does not include split-phase motors having 
automatic switches that disconnect the starting windings. 

(C) Selection of Overload Device. Where the sensing el¬ 
ement or setting or sizing of the overload device selected in 
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accordance with 430.32(A)(1) and 430.32(B)(1) is not suf¬ 
ficient to start the motor or to carry the load, higher size 
sensing elements or incremental settings or sizing shall be 
permitted to be used, provided the trip current of the over¬ 
load device does not exceed the following percentage of 
motor nameplate full-load current rating: 


Any motor application shall be considered to be for 
continuous duty unless the nature of the apparatus it drives 
is such that the motor cannot operate continuously with 
load under any condition of use. 

430.35 Shunting During Starting Period. 


Motors with marked service factor 1.15 140% 

or greater 

Motors with a marked temperature rise 140% 
40°C or less 

All other motors 130% 

If not shunted during the starting period of the motor as 
provided in 430.35, the overload device shall have suffi¬ 
cient time delay to permit the motor to start and accelerate 
its load. 

Informational Note: A Class 20 overload relay will pro¬ 
vide a longer motor acceleration time than a Class 10 or 
Class 10A overload relay. A class 30 overload relay will 
provide a longer motor acceleration time than a Class 20 
overload relay. Use of a higher class overload relay may 
preclude the need for selection of a higher trip current. 
[ROP ll-33a] 

(D) One Horsepower or Less, Nonautomat 
Started. 

(1) Permanently Installed. Overload protection shall 
in accordance with 430.32(B). 

(2) Not Permanently Installed. 

(a) Within Sight from Controller. 0\%i6ad protection 
shall be permitted to be furnished by the branch-circuit 
short-circuit and ground-fault protective devicsPsuch de¬ 
vice, however, shall not larger than that specified in Part 
IV of Article 430. 

Exception: Any such motor shcmBbe permitted on a nomi¬ 
nal 120-volt branch circuit protected at not over 20 
amperes. 

(b) Not Within Sight from Controller. Overload protec¬ 
tion shall be in accordance with 430.32(B). 


(A) Nonautomatically Started. For a nonautomatically 
started motor, the overload protection shall be permitted to 
be shunted or cut out of the circuit during the starting pe¬ 
riod of the motor if the device by which the overload pro¬ 
tection is shunted or cut out cannot be left in the starting 
position and if fuses or inverse time circuit breakers rated 
or set at not over 400 percent of the full-load current of the 
motor are located in the circuit so as to be operative during 
the starting tj^od of the motor. 

(B) Automatically Started. The motor overload protec¬ 
tion shall not be shunted or cut out during the starting 
period if the motor is automatically started. 

Exception: The motW overload protection shall be permit¬ 
ted tdlw shunted or cut out during the starting period on 
Ttomatically started motor where the following apply: 

The motor starting period exceeds the time delay 
Tvcftlable motor overload protective devices, and 

Listed means are provided to perform the follow¬ 
ing: 

(1) Sense motor rotation and automatically prevent the 
shunting or cutout in the event that the motor fails to 
start, and 

(2) Limit the time of overload protection shunting or cutout 
to less than the locked rotor time rating of the protected 
motor, and 

(3) Provide for shutdown and manual restart if motor run¬ 
ning condition is not reached. 

430.36 Fuses — In Which Conductor. Where fuses are 
used for motor overload protection, a fuse shall be inserted 
in each ungrounded conductor and also in the grounded 
conductor if the supply system is 3-wire, 3-phase ac with 
one conductor grounded. 


(E) Wound-Rotor Secondaries. The secondary circuits of 
wound-rotor ac motors, including conductors, controllers, 
resistors, and so forth, shall be permitted to be protected 
against overload by the motor-overload device. 

430.33 Intermittent and Similar Duty. A motor used for 
a condition of service that is inherently short-time, intermit¬ 
tent, periodic, or varying duty, as illustrated by Table 
430.22(E), shall be permitted to be protected against over¬ 
load by the branch-circuit short-circuit and ground-fault 
protective device, provided the protective device rating or 
setting does not exceed that specified in Table 430.52. 


430.37 Devices Other Than Fuses — In Which Conduc¬ 
tor. Where devices other than fuses are used for motor 
overload protection, Table 430.37 shall govern the mini¬ 
mum allowable number and location of overload units such 
as trip coils or relays. 

430.38 Number of Conductors Opened by Overload 
Device. Motor overload devices, other than fuses or ther¬ 
mal protectors, shall simultaneously open a sufficient num¬ 
ber of ungrounded conductors to interrupt current flow to 
the motor. 
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Table 430.37 Overload Units 


Kind of Motor 

Supply System 

Number and 
Location of 
Overload Units, 
Such as Trip Coils 
or Relays 

1 -phase ac 

or dc 

2 -wire, 1-phase ac 
or dc ungrounded 

1 in either 
conductor 

1 -phase ac 

or dc 

2 -wire, 1-phase ac 
or dc, one 
conductor 
grounded 

1 in ungrounded 
conductor 

1 -phase ac 

or dc 

3-wire, 1-phase ac 
or dc, grounded 
neutral conductor 

1 in either 

ungrounded 

conductor 

1 -phase ac 


Any 3-phase 

1 in ungrounded 
conductor 

2 -phase ac 


3-wire, 2-phase ac, 
ungrounded 

2 , one in each 
phase 

2 -phase ac 


3-wire, 2-phase ac, 
one conductor 
grounded 

2 in ungrounded 
conductors 

2 -phase ac 


4-wire, 2-phase ac, 
grounded or 
ungrounded 

2 , one for each 
phase in 

ungrounded ■■ 
conductors 

2 -phase ac 


Grounded neutral 
or 5-wire, 2-phase 
ac, ungrounded 

2. one for each 
phase in any 
inuirounded. phase 
wire 

3-phase ac 


Any3pfa v 

3, one in each 
phase* H 


* Exception: An overload unit in each 
where overload protection is provided by < 


circuit breaker by which they must be protected, the over¬ 
load devices shall be protected in accordance with this 
marking. 

[ROP ll-29b] 

430.42 Motors on General-Purpose Branch Circuits. 

Overload protection for motors used on general-purpose 
branch circuits as permitted in Article 210 shall be provided 
as specified in 430.42(A), (B), (C), or (D). 

(A) Not over 1 Horsepower. One or more motors without 
individual overload protection shall be permitted to be con¬ 
nected to a general-purpose branch circuit only where the 
installation complies with the limiting conditions specified 
in 430.32(B) and 430.32(D) and 430.53(A)(1) and (A)(2). 

(B) Over 1 Horsepower. Motors of ratings larger than 
specified in 430. 5wK) shall be permitted to be connected to 
general-purpose branch circuits only where each motor is 
protected by oVeiioad protection selected to protect the mo¬ 
tor as st^ified in 430.32. Both the controller and the motor 
overload device shall be approved for group installation 
with the short-circuit and ground-fault protective device 
selected in accordance with 430.53. 

(C) Cord-and-Plug-Connected. Where a motor is con- 
to a BMjtch circuit by means of an attachment plug 

and a receptacle or a cord connector, and individual over¬ 
protection is omitted as provided in 430.42(A), the 
ating of the attachment plug and receptacle or cord con- 
ptor shall not exceed 15 amperes at 125 volts or 250 
fits. Where individual overload protection is required as 
provided in 430.42(B) for a motor or motor-operated appli¬ 
ance that is attached to the branch circuit through an attach¬ 
ment plug and a receptacle or a cord connector, the over¬ 
load device shall be an integral part of the motor or of the 
appliance. The rating of the attachment plug and receptacle 
or the cord connector shall determine the rating of the cir¬ 
cuit to which the motor may be connected, as provided in 
210.21(B). 


430.39 Motor Controller as Overload Protection. A mo¬ 
tor controller shall also be permitted to serve as an overload 
device if the number of overload units complies with Table 
430.37 and if these units are operative in both the starting 
and running position in the case of a dc motor, and in the 
running position in the case of an ac motor. 

430.40 Overload Relays. Overload relays and other de¬ 
vices for motor overload protection that are not capable of 
opening short circuits or ground faults shall be protected by 
fuses or circuit breakers with ratings or settings in accor¬ 
dance with 430.52 or by a motor short-circuit protector in 
accordance with 430.52. 


(D) Time Delay. The branch-circuit short-circuit and 
ground-fault protective device protecting a circuit to which 
a motor or motor-operated appliance is connected shall 
have sufficient time delay to permit the motor to start and 
accelerate its load. 

430.43 Automatic Restarting. A motor overload device 
that can restart a motor automatically after overload trip¬ 
ping shall not be installed unless approved for use with the 
motor it protects. A motor overload device that can restart a 
motor automatically after overload tripping shall not be 
installed if automatic restarting of the motor can result in 
injury to persons. 


Exception: Where approved for group installation and 430.44 Orderly Shutdown. If immediate automatic shut- 

marker/ to indicate the maximum size of fuse or inverse time down of a motor by a motor overload protective device(s) 
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would introduce additional or increased hazard(s) to a per¬ 
son^) and continued motor operation is necessary for safe 
shutdown of equipment or process, a motor overload sens¬ 
ing device(s) complying with the provisions of Part III of 
this article shall be permitted to be connected to a super¬ 
vised alarm instead of causing immediate interruption of 
the motor circuit, so that corrective action or an orderly 
shutdown can be initiated. 

IV. Motor Branch-Circuit Short-Circuit and 
Ground-Fault Protection 

430.51 General. Part IV specifies devices intended to pro¬ 
tect the motor branch-circuit conductors, the motor control 
apparatus, and the motors against overcurrent due to short 
circuits or ground faults. These rules add to or amend the 
provisions of Article 240. The devices specified in Part IV 
do not include the types of devices required by 210.8, 
230.95, and 590.6. 

Informational Note: See Informative Annex D, Example 

D8. [ROP ll-29b] 

The provisions of Part IV shall not apply to motor cir¬ 
cuits rated over 1000 volts, nominal. [ROP 11-20] 


Informational Note: For over 1000 volts, nominal, see 

XI. [ROP 11-20, ROP ll-29b] 


430.52 Rating or Setting for Individi 


Table 430.52 Maximum Rating or Setting of Motor 
Branch-Circuit Short-Circuit and Ground-Fault Protective 
Devices 




short-eircuit and 
ble of carrying 


(A) General. The motor branch-ci 
ground-fault protective device shall co 
and either 430.52(C) or (D), as applicabli 

(B) All Motors. The m 
ground-fault protective devi 
the starting current of the 

(C) Rating or Setting. 

(1) In Accordance with Table 430.52. A protective device 
that has a rating or setting not exceeding the value calcu¬ 
lated according to the values given in Table 430.52 shall be 
used. 

Exception No. 1: Where the values for branch-circuit 
short-circuit and ground-fault protective devices deter¬ 
mined by Table 430.52 do not correspond to the standard 
sizes or ratings of fuses, nonadjustable circuit breakers, 
thermal protective devices, or possible settings of adjust¬ 
able circuit breakers, a higher size, rating, or possible set¬ 
ting that does not exceed the next higher standard ampere 
rating shall be permitted. 

Exception No. 2: Where the rating specified in Table 
430.52, or the rating modified by Exception No. 1, is not 
sufficient for the starting current of the motor: 


Percentage of Full-Load Current 

Type of Motor 

Non time 
Delay 
Fuse 1 

Dual Element 
(Time-Delay) 
Fuse 1 

Instantaneous 

Trip 

Breaker 

Inverse 

Time 

Breaker 2 

Single-phase 

motors 

300 

175 

800 

250 

AC polyphase 
motors other 
than 

wound-rotor 

300 

175 

800 

250 

Squirrel cage 300 

— other than A 

Design B 
energy-efficient 

175 

800 

250 

DesignJ^r 

energ^^fficient 

^0 

175 

1100 

250 

3 

Synchronous 

Ik 

k 175 

800 

250 

Wound.|^|er 

150 

r 

150 

800 

150 

Direct current 
(constant 

150 

150 

250 

150 


or certain exceptions to the values specified, see 430.54. 
alues in the Nontime Delay Fuse column apply to Time-Delay 
Class CC fuses. 

2 The values given in the last column also cover the ratings of nonad¬ 
justable inverse time types of circuit breakers that may be modified as 
in 430.52(C)(1), Exception No. 1 and No. 2. 

3 Synchronous motors of the low-torque, low-speed type (usually 450 
rpm or lower), such as are used to drive reciprocating compressors, 
pumps, and so forth, that start unloaded, do not require a fuse rating or 
circuit-breaker setting in excess of 200 percent of full-load current. 

(a) The rating of a nontime-delay fuse not exceeding 
600 amperes or a time-delay Class CC fuse shall be per¬ 
mitted to be increased but shall in no case exceed 400 per¬ 
cent of the full-load current. 

(b) The rating of a time-delay (dual-elemen t) fuse shall 
be permitted to be increased but shall in no case exceed 
225 percent of the full-load current. 

(c) The rating of an inverse time circuit breaker shall 
be permitted to be increased but shall in no case exceed 
400 percent for full-load currents of 100 amperes or less or 
300 percent for full-load currents greater than 100 am¬ 
peres. 

(d) The rating of a fuse of 601-6000 ampere classifi¬ 
cation shall be permitted to be increased but shall in no 
case exceed 300 percent of the full-load current. 

Informational Note: See Informative Annex D, Example 
D8, and Figure 430.1. 

(2) Overload Relay Table. Where maximum branch- 
circuit short-circuit and ground-fault protective device rat- 
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ings are shown in the manufacturer’s overload relay table 
for use with a motor controller or are otherwise marked on 
the equipment, they shall not be exceeded even if higher 
values are allowed as shown above. 

(3) Instantaneous Trip Circuit Breaker. An instanta¬ 
neous trip circuit breaker shall be used only if adjustable 
and if part of a listed combination motor controller having 
coordinated motor overload and short-circuit and ground- 
fault protection in each conductor, and the setting is ad¬ 
justed to no more than the value specified in Table 430.52. 

Informational Note: For the purpose of this article, instan¬ 
taneous trip circuit breakers may include a damping means 
to accommodate a transient motor inrush current without 
nuisance tripping of the circuit breaker. 

Exception No. 1: Where the setting specified in Table 
430.52 is not sufficient for the starting current of the motor, 
the setting of an instantaneous trip circuit breaker shall be 
permitted to be increased but shall in no case exceed 
1300 percent of the motor full-load current for other than 
Design B energy-efficient motors and no more than 
1700 percent of full-load motor current for Design B 
energy-efficient motors. Trip settings above 800 percent for 
other than Design B energy-efficient motors and above 
1100 percent for Design B energy-efficient motors shall bd 
permitted where the need has been demonstrated by engi¬ 
neering evaluation. In such cases, it shall not be necessary 
to first apply an instantaneous-trip circuit breaker . at 
800 percent or 1100 percent. 

Informational Note: For additional information on the re¬ 
quirements for a motor to be classified “energy Efficient." 
see NEMA Standards Publication NQjgMGl-iygBKevi- 
sion, Motors and Generators, Part ,12j§?Pr^| 

Exception No. 2: Where the motor full-load current' is 8 
amperes or less, the setting of the instantaneous-trip circuit 
breaker with a continuous current rating of 15 amperes or 
less in a listed combination motor controller that provides 
coordinated motor branch-circuit overload and short- 
circuit and ground-fault protection shall be permitted to be 
increased to the value marked on the controller. 

(4) Multispeed Motor. For a multispeed motor, a single 
short-circuit and ground-fault protective device shall be 
permitted for two or more windings of the motor, provided 
the rating of the protective device does not exceed the 
above applicable percentage of the nameplate rating of the 
smallest winding protected. 

Exception: For a multispeed motor, a single short-circuit 
and ground-fault protective device shall be permitted to be 
used and sized according to the full-load current of the 
highest current winding, where all of the following condi¬ 
tions are met: 

(a) Each winding is equipped with individual overload 
protection sized according to its full-load current. 


(b) The branch-circuit conductors supplying each 
winding are sized according to the full-load current of the 
highest full-load current winding. 

(c) The controller for each winding has a horsepower 
rating not less than that required for the winding having the 
highest horsepower rating. 

(5) Power Electronic Devices. Semiconductor fuses in¬ 
tended for the protection of electronic devices shall be per¬ 
mitted in lieu of devices listed in Table 430.52 for power 
electronic devices, associated electromechanical devices 
(such as bypass contactors and isolation contactors) and 
conductors in a solid-state motor controller system, pro¬ 
vided that the marking for replacement fuses is provided 
adjacent to the fuses. [ROP ll-35a] 

(6) Self-Protected Combination Controller. A listed self- 
protected combMiation controller shall be permitted in lieu 
of the defies specified in Table 430.52. Adjustable 
instantaneous-trip settings shall not exceed 1300 percent of 
full-load motor current for other than Design B energy- 
efficient motors and not more than 1700 percent of full-load 
m<xor current for Design B energy-efficient motors. 


(7) Motor Short-Circuit Protector. A motor short-circuit 
protector shall be permitted in lieu of devices listed in 
Table 430.52 if the motor short-circuit protector is part of a 
listed combination motor controller having coordinated mo¬ 
tor overload protection and short-circuit and ground-fault 
protection in each conductor and it will open the circuit at 
currents exceeding 1300 percent of motor full-load current 
for other than Design B energy-efficient motors and 
1700 percent of motor full-load motor current for Design B 
energy-efficient motors. 

Informational Note: A motor short-circuit protector, as 
used in this section, is a fused device and is not an instan¬ 
taneous trip circuit breaker. 

(D) Torque Motors. Torque motor branch circuits shall be 
protected at the motor nameplate current rating in accor¬ 
dance with 240.4(B). 

430.53 Several Motors or Loads on One Branch Cir¬ 
cuit. Two or more motors or one or more motors and other 
loads shall be permitted to be connected to the same branch 
circuit under conditions specified in 430.53(D) and in 
430.53(A), (B), or (C). The branch-circuit protective device 
shall be fuses or inverse time circuit breakers. 

(A) Not Over 1 Horsepower. Several motors, each not 
exceeding 1 hp in rating, shall be permitted on a nominal 



Infomiational Note: Proper application of self-protected 
combination controllers on 3-phase systems, other than sol- 
jtronrlHffil wve. particularly on corner grounded delta 
considers the self-protected combination control- 
fidual pole-interrupting capability. 
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120-volt branch circuit protected at not over 20 amperes or 
a branch circuit of 1000 volts, nominal, or less, protected at 
not over 15 amperes, if all of the following conditions are 
met: [ROP 11-20] 

(1) The full-load rating of each motor does not exceed 6 
amperes. 

(2) The rating of the branch-circuit short-circuit and 
ground-fault protective device marked on any of the 
controllers is not exceeded. 


ing that specified in 430.52 for the highest rated motor 
connected to the branch circuit plus an amount equal to 
the sum of the full-load current ratings of all other 
motors and the ratings of other loads connected to the 
circuit. Where this calculation results in a rating less 
than the ampacity of the branch circuit conductors, it 
shall be permitted to increase the maximum rating of 
the fuses or circuit breaker to a value not exceeding 
that permitted by 240.4(B). [ROP ll-36a] 


(3) Individual overload protection conforms to 430.32. 

(B) If Smallest Rated Motor Protected. If the branch- 
circuit short-circuit and ground-fault protective device is 
selected not to exceed that allowed by 430.52 for the small¬ 
est rated motor, two or more motors or one or more motors 
and other load(s), with each motor having individual over¬ 
load protection, shall be permitted to be connected to a 
branch circuit where it can be determined that the branch- 
circuit short-circuit and ground-fault protective device will 
not open under the most severe normal conditions of ser¬ 
vice that might be encountered. 

(C) Other Group Installations. Two or more motors of 
any rating or one or more motors and other load(s), with 
each motor having individual overload protection, si 
permitted to be connected to one branch circuit whe: 
motor controller(s) and overload device(s) are (1) inst; 
as a listed factory assembly and the motor branch-cin 
short-circuit and ground-fault protective device jeither 
provided as part of the assembly or is specified/by a 
ing on the assembly, or (2) the motor branch-circuit short- 
circuit and ground-fault protectivedevice, the motor con¬ 
trollers), and overload device(s) are field-installed as 
separate assemblies listedpw such us^pnd provided with 
manufacturers’ instructions for use with each other, and (3) 
all of the following conditions are complied with: 

(1) Each motor overload device^ is either (a) listed for 
group installation with a specified maximum rating of 
fuse, inverse time circuit breaker, or both, or (b) se¬ 
lected such that the ampere rating of the motor-branch 
short-circuit and ground-fault protective device does 
not exceed that permitted by 430.52 for that individual 
motor overload device and corresponding motor load. 

(2) Each motor controller is either (a) listed for group in¬ 
stallation with a specified maximum rating of fuse, cir¬ 
cuit breaker, or both, or (b) selected such that the am¬ 
pere rating of the motor-branch short-circuit and 
ground-fault protective device does not exceed that per¬ 
mitted by 430.52 for that individual controller and cor¬ 
responding motor load. 

(3) Each circuit breaker is listed and is of the inverse time 
type. 



(5) The branch-circuit fuses or inverse time circuit break¬ 
ers are not larger than allowed by 430.40 for the over¬ 
load relay protecting the smallest rated motor of the 
group. 

(6) Overcurrent protection for loads other than motor loads 
shall be i ^accordance with Parts I through VII of Ar¬ 
ticle 2^^r 

Infoxmational Note: See 110.10 for circuit impedance and 
other charact^fctics. 

Single Motor Taps. For group installations described 
above* the conductors of any tap supplying a single motor 
Dt be required to have an individual branch-circuit 
-circuit and ground-fault protective device, provided 
thcTlcomply with one of the following: 

onductor to the motor shall have an ampacity less 
'an that of the branch-circuit conductors. 

(2) No conductor to the motor shall have an ampacity less 
than one-third that of the branch-circuit conductors, 
with a minimum in accordance with 430.22. The con¬ 
ductors from the point of the tap to the motor overload 
device shall be not more than 7.5 m (25 ft) long and be 
protected from physical damage by being enclosed in 
an approved raceway or by use of other approved 
means. [ROP ll-36b] 

Conductors from the branch-circuit short-circuit and 
ground-fault protective device to a listed manual motor 
controller additionally marked “Suitable for Tap Con¬ 
ductor Protection in Group Installations,” or to a 
branch-circuit protective device, shall be permitted to 
have an ampacity not less than one-tenth the rating or 
setting of the branch-circuit short-circuit and ground- 
fault protective device. The conductors from the con¬ 
troller to the motor shall have an ampacity in accor¬ 
dance with 430.22. The conductors from the point of 
the tap to the controller(s) shall (1) be suitably pro¬ 
tected from physical damage and enclosed either by an 
enclosed controller or by a raceway and be not more 
than 3 m (10 ft) long or (2) have an ampacity not less 
than that of the branch-circuit conductors. [ROP 
ll-36b] 


( 3 ) 


(4) The branch circuit shall be protected by fuses or in¬ 
verse time circuit breakers having a rating not exceed¬ 


430.54 Multimotor and Combination-Load Equipment. 

The rating of the branch-circuit short-circuit and ground- 
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fault protective device for multimotor and combination¬ 
load equipment shall not exceed the rating marked on the 
equipment in accordance with 430.7(D). 

430.55 Combined Overcurrent Protection. Motor 
branch-circuit short-circuit and ground-fault protection and 
motor overload protection shall be permitted to be com¬ 
bined in a single protective device where the rating or set¬ 
ting of the device provides the overload protection specified 
in 430.32. 

430.56 Branch-Circuit Protective Devices — In Which 
Conductor. Branch-circuit protective devices shall comply 
with the provisions of 240.15. 

430.57 Size of Fuseholder. Where fuses are used for mo¬ 
tor branch-circuit short-circuit and ground-fault protection, 
the fuseholders shall not be of a smaller size than required 
to accommodate the fuses specified by Table 430.52. 

Exception: Where fuses having time delay appropriate for 
the starting characteristics of the motor are used, it shall be 
permitted to use fuseholders sized to fit the fuses that are 
used. 

430.58 Rating of Circuit Breaker. A circuit breaker for 
motor branch-circuit short-circuit and ground-fault protec 
tion shall have a current rating in accordance with 430.52 
and 430.110. 


V. Motor Feeder Short-Circuit and Groun 
Protection 


430.61 General. Part V spei 
tended to protect feeder coni 
against overcurrents due to short c 


one of the protective devices shall be considered the largest 
for the above calculations. 

Exception No. 1: Where one or more instantaneous trip 
circuit breakers or motor short-circuit protectors are used 
for motor branch-circuit short-circuit and ground-fault pro¬ 
tection as permitted in 430.52(C), the procedure provided 
above for determining the maximum rating of the feeder 
protective device shall apply with the following provision: 
For the purpose of the calculation, each instantaneous trip 
circuit breaker or motor short-circuit protector shall be 
assumed to have a rating not exceeding the maximum per¬ 
centage of motor full-load current permitted by Table 
430.52 for the type of feeder protective device employed. 

Exception No. 2: Where the feeder overcurrent protective 
device also providemovercurrent protection for a motor 
control center, the provisions of 430.94 shall apply. 



Informative Annex D. Example 


Informational Note: 
D8. 



See Informative 


Example 


Informatii 
D8. 


(B) 0ther Installations. Where feeder conductors have an 
ampacity greater than required by 430.24, the rating or 
setting of the feeder overcurrent protective device shall be 
permitted to be based on the ampacity of the feeder con- 

g or Setting — Motor Load and Other 
d(s). Where a feeder supplies a motor load and other 
(s), the feeder protective device shall have a rating not 
than that required for the sum of the other load(s) plus 
e following: 

(1) For a single motor, the rating permitted by 430.52 

(2) For a single hermetic refrigerant motor-compressor, the 
rating permitted by 440.22 

(3) For two or more motors, the rating permitted by 430.62 

Exception: Where the feeder overcurrent device provides 
the overcurrent protection for a motor control center, the 
provisions of 430.94 shall apply. 



430.62 Rating or Setting — Motor Load. 

(A) Specific Load. A feeder supplying a specific fixed mo¬ 
tor load(s) and consisting of conductor sizes based on 
430.24 shall be provided with a protective device having a 
rating or setting not greater than the largest rating or setting 
of the branch-circuit short-circuit and ground-fault protec¬ 
tive device for any motor supplied by the feeder [based on 
the maximum permitted value for the specific type of a 
protective device in accordance with 430.52, or 440.22(A) 
for hermetic refrigerant motor-compressors], plus the sum 
of the full-load currents of the other motors of the group. 

Where the same rating or setting of the branch-circuit 
short-circuit and ground-fault protective device is used on 
two or more of the branch circuits supplied by the feeder, 


VI. Motor Control Circuits 

430.71 General. Part VI contains modifications of the gen¬ 
eral requirements and applies to the particular conditions of 
motor control circuits. 

[ROP ll-29b] 

430.72 Overcurrent Protection. 

(A) General. A motor control circuit tapped from the load 
side of a motor branch-circuit short-circuit and ground-fault 
protective device(s) and functioning to control the motor(s) 
connected to that branch circuit shall be protected against 
overcurrent in accordance with 430.72. Such a tapped con¬ 
trol circuit shall not be considered to be a branch circuit 
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and shall be permitted to be protected by either a supple¬ 
mentary or branch-circuit overcurrent protective device(s). 
A motor control circuit other than such a tapped control 
circuit shall be protected against overcurrent in accordance 
with 725.43 or the notes to Table 11(A) and Table 11(B) in 
Chapter 9, as applicable. 

(B) Conductor Protection. The overcurrent protection for 
conductors shall be provided as specified in 430.72(B)(1) 
or (B)(2). 

Exception No. 1: Where the opening of the control circuit 
would create a hazard as, for example, the control circuit of 
a fire pump motor, and the like, conductors of control cir¬ 
cuits shall require only short-circuit and ground-fault pro¬ 
tection and shall be permitted to be protected by the motor 
branch-circuit short-circuit and ground-fault protective 
device(s). 

Exception No. 2: Conductors supplied by the secondary 
side of a single-phase transformer having only a two-wire 
(single-voltage) secondary shall be permitted to be pro¬ 
tected by overcurrent protection provided on the primary 
(supply) side of the transformer, provided this protection 
does not exceed the value determined by multiplying the 
appropriate maximum rating of the overcurrent de 
the secondary conductor from Table 430.72(B) If 
secondary-to-primary voltage ratio. Transformer se< 
ary conductors (other than two-wire) shalf not Jse con. 
ered to be protected by the primary nverJarrent nmtertid 


(1) Separate Overcurrent Proteci 

branch-circuit short-circuit and grouni 
vice does not provide protectio: 
430.72(B)(2), separate ovei^Hrent 

Table 430.72(B) Maximum 



When 

ault protectivi 

dance with 
tion shall be pro¬ 



vided. The overcurrent protection shall not exceed the val¬ 
ues specified in Column A of Table 430.72(B). 

(2) Branch-Circuit Overcurrent Protective Device. Con¬ 
ductors shall be permitted to be protected by the motor 
branch-circuit short-circuit and ground-fault protective de¬ 
vice and shall require only short-circuit and ground-fault 
protection. Where the conductors do not extend beyond the 
motor control equipment enclosure, the rating of the pro¬ 
tective device(s) shall not exceed the value specified in 
Column B of Table 430.72(B). Where the conductors ex¬ 
tend beyond the motor control equipment enclosure, the 
rating of the protective device(s) shall not exceed the value 
specified in Column C of Table 430.72(B). 

(C) Control Circuit Transformer. Where a motor control 
circuit transformer is provided, the transformer shall be 
protectecj^^iccordance with 430.72(C)(1), (C)(2), (C)(3), 
(C)(41 

Exce])tion: Overcunent protection shall be omitted where 
the opening of the control circuit would create a hazard as, 
fior exarriple, the control circuit of a fire pump motor and 
j lef 

(T) Compliance with Article 725. Where the transformer 
supplies a Class 1 power-limited circuit. Class 2, or Class 3 
remote-control circuit complying with the requirements of 
Article 725, protection shall comply with Article 725. 


(2) Compliance with Article 450. Protection shall be per¬ 
mitted to be provided in accordance with 450.3. 

(3) Less Than 50 Volt-Amperes. Control circuit trans¬ 
formers rated less than 50 volt-amperes (VA) and that are 
an integral part of the motor controller and located within 


irrent Protective Device in Amperes 


Protection Provided by Motor Branch-Circuit Protective Device(s) 


Column A Column B Column C 

Separate Protection Conductors Within Conductors Extend Beyond 

Provided Enclosure Enclosure 

Control - - - 

Circuit Aluminum or Aluminum or Aluminum or 

Conductor Copper-Clad Copper-Clad Copper-Clad 


Size (AWG) 

Copper 

Aluminum 

Copper 

Aluminum 

Copper 

Aluminum 

18 

7 

_ 

25 

_ 

7 

_ 

16 

10 

— 

40 

— 

10 

— 

14 

(Note 1) 

— 

100 

— 

45 

— 

12 

(Note 1) 

(Note 1) 

120 

100 

60 

45 

10 

(Note 1) 

(Note 1) 

160 

140 

90 

75 

Larger than 10 

(Note 1) 

(Note 1) 

(Note 2) 

(Note 2) 

(Note 3) 

(Note 3) 


Notes: 

1. Value specified in 310.15 as applicable. 

2. 400 percent of value specified in Table 310.15(B)(17) for 60°C conductors. 

3. 300 percent of value specified in Table 310.15(B)(16) for 60°C conductors. 
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the motor controller enclosure shall be permitted to be pro¬ 
tected by primary overcurrent devices, impedance limiting 
means, or other inherent protective means. 

(4) Primary Less Than 2 Amperes. Where the control 
circuit transformer rated primary current is less than 2 am¬ 
peres, an overcurrent device rated or set at not more than 
500 percent of the rated primary current shall be permitted 
in the primary circuit. 


where visible to persons who may be working in the area of 
the energized parts. 

Exception No. 2: The motor control circuit disconnecting 
means shall be permitted to be remote from the motor con¬ 
troller power supply disconnecting means where the open¬ 
ing of one or more motor control circuit disconnecting 
means is capable of resulting in potentially unsafe condi¬ 
tions for personnel or property and the conditions of items 
(a) and (b) of Exception No. 1 are complied with. 


(5) Other Means. Protection shall be permitted to be pro¬ 
vided by other approved means. 

430.73 Protection of Conductors from Physical Dam¬ 
age. Where damage to a motor control circuit would con¬ 
stitute a hazard, all conductors of such a remote motor 
control circuit that are outside the control device itself shall 
be installed in a raceway or be otherwise protected from 
physical damage. 

430.74 Electrical Arrangement of Control Circuits. 

Where one conductor of the motor control circuit is 
grounded, the motor control circuit shall be arranged so that 
a ground fault in the control circuit remote from the motor 
controller will (1) not start the motor and (2) not bypass 
manually operated shutdown devices or automatic safety 
shutdown devices. 

430.75 Disconnection. 

(A) General. Motor control circuits shall De arran: 
that they will be disconnected from all sources of supply 
when the disconnecting means is in the open position. The 
disconnecting means shall be permitted to consist or two or 
more separate devices, one ofwhich disconnects the motor 
and the controller from the source(s) of power supply for 
the motor, and the other(s), the motor coiuro* circuit(s) 
from its power supply. Where separate 'deyires are used, 
they shall be located immediately adjacen|>TO each other. 



(B) Control Transformer in Controller Enclosure. 

Where a transformer or other device is used to obtain a 
reduced voltage for the motor control circuit and is located 
in the controller enclosure, such transformer or other device 
shall be connected to the load side of the disconnecting 
means for the motor control circuit. 


intended to require suitable 


(A) Stationary Motor of Vs Horsepower or Less. For a 

statioii3®|notor rated at Vs hp or less that is normally left 
nning and is constructed so that it cannot be damaged by 
:rload or failure to start, such as clock motors and the 
like, the branch-circuit disconnecting means shall be per- 
ted to serve as the controller. 




VII. Motoi 

430.81 General. Part 
controllers for all motors. 


Portable Motor of Vs Horsepower or Less. For a 

table motor rated at Vs hp or less, the controller shall be 
permitted to be an attachment plug and receptacle or cord 
connector. 

430.82 Controller Design. 

(A) Starting and Stopping. Each controller shall be ca¬ 
pable of starting and stopping the motor it controls and 
shall be capable of interrupting the locked-rotor current of 
the motor. 


Exception No. 1: Where more than 12 motor control cir¬ 
cuit conductors are required to be disconnected, the discon¬ 
necting means shall be permitted to be located other than 
immediately adjacent to each other where all of the follow¬ 
ing conditions are complied with: 

(a) Access to energized parts is limited to qualified per¬ 
sons in accordance with Part XII of this article. 

(b) A warning sign is permanently located on the out¬ 
side of each equipment enclosure door or cover permitting 
access to the live parts in the motor control circuit(s), 
warning that motor control circuit disconnecting means are 
remotely located and specifying the location and identifica¬ 
tion of each disconnect. Where energized parts are not in 
an equipment enclosure as permitted by 430.232 and 
430.233, an additional warning sign(s) shall be located 


(B) Autotransformer. An autotransformer starter shall 
provide an “off’ position, a running position, and at least 
one starting position. It shall be designed so that it cannot 
rest in the starting position or in any position that will 
render the overload device in the circuit inoperative. 

(C) Rheostats. Rheostats shall be in compliance with the 
following: 

(1) Motor-starting rheostats shall be designed so that the 
contact arm cannot be left on intermediate segments. 
The point or plate on which the arm rests when in the 
starting position shall have no electrical connection 
with the resistor. 

(2) Motor-starting rheostats for dc motors operated from a 
constant voltage supply shall be equipped with auto- 
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matic devices that will interrupt the supply before the 
speed of the motor has fallen to less than one-third its 
normal rate. 


and the nominal voltage between any two conductors does 
not exceed the higher value of the controller’s voltage rat¬ 
ing. 


430.83 Ratings. The controller shall have a rating as speci¬ 
fied in 430.83(A), unless otherwise permitted in 430.83(B) 
or (C), or as specified in (D), under the conditions speci¬ 
fied. 

(A) General. 

(1) Horsepower Ratings. Controllers, other than inverse 
time circuit breakers and molded case switches, shall have 
horsepower ratings at the application voltage not lower than 
the horsepower rating of the motor. 

(2) Circuit Breaker. A branch-circuit inverse time circuit 
breaker rated in amperes shall be permitted as a controller 
for all motors. Where this circuit breaker is also used for 
overload protection, it shall conform to the appropriate pro¬ 
visions of this article governing overload protection. 

(3) Molded Case Switch. A molded case switch rated in 
amperes shall be permitted as a controller for all motors. 

(B) Small Motors. Devices as specified in 430.81( 

(B) shall be permitted as a controller. 

(C) Stationary Motors of 2 Horsepower or Less. 

stationary motors rated at 2 hp or less 
the controller shall be permitted to be ei 
ing: 

(1) A general-use switch having an 
than twice the full-load current ratin 

(2) On ac circuits, a general-use s 
for use on ac (not general-use ai 
where the motor fun-load current 
than 80 percent of the ampere ratin 



of the motor 
'itch suitable only 
snap&witches) 
|ng is not more 
the switch 


(D) Torque Motors. For torque motors, the controller 
shall have a continuous-duty, full-Toad current rating not 
less than the nameplate current rating of the motor. For a 
motor controller rated in horsepower but not marked with 
the foregoing current rating, the equivalent current rating 
shall be determined from the horsepower rating by using 
Table 430.247, Table 430.248, Table 430.249, or Table 
430.250. 


430.84 Need Not Open All Conductors. The controller 
shall not be required to open all conductors to the motor. 

Exception: Where the controller serves also as a discon¬ 
necting means, it shall open all ungrounded conductors to 
the motor as provided in 430.111. 

430.85 In Grounded Conductors. One pole of the con¬ 
troller shall be permitted to be placed in a permanently 
grounded conductor, provided the controller is designed so 
that the pole in the grounded conductor cannot be opened 
without simultaneously opening all conductors of the cir¬ 
cuit. 




430.: 

Each motor 


of Motors Served by Each Controller. 

rovided with an individual controller. 


'.xceptim No. 1: For motors rated 1000 volts or less, a 
inghfcontroller rated at not less than the equivalent horse- 
as determined in accordance with 430.110(C)(1), of 
all the motors in the group shall be permitted to serve the 
group under any of the following conditions: [ROP 11-20] 

Where a number of motors drive several parts of a 
single machine or piece of apparatus, such as metal and 
woodworking machines, cranes, hoists, and similar appa¬ 
ratus 

(b) Where a group of motors is under the protection of 
one overcurrent device as permitted in 430.53(A) 

(c) Where a group of motors is located in a single 
room within sight from the controller location 

Exception No. 2: A branch-circuit disconnecting means 
serving as the controller as allowed in 430.81(A) shall be 
permitted to serve more than one motor. 

430.88 Adjustable-Speed Motors. Adjustable-speed mo¬ 
tors that are controlled by means of field regulation shall be 
equipped and connected so that they cannot be started un¬ 
der a weakened field. 

Exception: Starting under a weakened field shall be per¬ 
mitted where the motor is designed for such starting. 


(E) Voltage Rating. A controller with a straight voltage 
rating, for example, 240 volts or 480 volts, shall be permit¬ 
ted to be applied in a circuit in which the nominal voltage 
between any two conductors does not exceed the control¬ 
ler’s voltage rating. A controller with a slash rating, for 
example, 120/240 volts or 480Y/277 volts, shall only be 
applied in a solidly grounded circuit in which the nominal 
voltage to ground from any conductor does not exceed the 
lower of the two values of the controller’s voltage rating 


430.89 Speed Limitation. Machines of the following 
types shall be provided with speed-limiting devices or other 
speed-limiting means: 

(1) Separately excited dc motors 

(2) Series motors 

(3) Motor-generators and converters that can be driven at 
excessive speed from the dc end, as by a reversal of 
current or decrease in load 
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Exception: Separate speed-limiting devices or means shall 
not be required under either of the following conditions: 

(1) Where the inherent characteristics of the machines, 
the system, or the load and the mechanical connection 
thereto are such as to safely limit the speed 

(2) Where the machine is always under the manual 
control of a qualified operator 

430.90 Combination Fuseholder and Switch as Control¬ 
ler. The rating of a combination fuseholder and switch used 
as a motor controller shall be such that the fuseholder will 
accommodate the size of the fuse specified in Part III of 
this article for motor overload protection. 


in accordance with Table 250.122. Equipment grounding 
conductors shall be connected to this equipment grounding 
bus or to a grounding termination point provided in a 
single-section motor control center. 

430.97 Busbars and Conductors. 

(A) Support and Arrangement. Busbars shall be pro¬ 
tected from physical damage and be held firmly in place. 
Other than for required interconnections and control wiring, 
only those conductors that are intended for termination in a 
vertical section shall be located in that section. 

Exception: Conductors shall be permitted to travel hori¬ 
zontally through vertical sections where such conductors 
are isolated from the busbars by a barrier. 


Exception: Where fuses having time delay appropriate for 
the starting characteristics of the motor are used, fusehold- 
ers of smaller size than specified in Part III of this article 
shall be permitted. 

VIII. Motor Control Centers 

430.92 General. Part VIII covers motor control centers 
installed for the control of motors, lighting, and power cir¬ 
cuits. 

430.94 Overcurrent Protection. Motor control centers 
shall be provided with overcurrent protection in accordance 
with Parts I, II, and VIII of Article 240. The an 
or setting of the overcurrent protective de\ 
exceed the rating of the common power 
tion shall be provided by (1) an overcurrent 
vice located ahead of the motor control center oi^K main 
overcurrent protective device located within the 
trol center. 

430.95 Service Equipment. Where itsed as crvice equip¬ 
ment, each motor control center shan. be pr ivided with a 
single main disconnecting means to disco meet all 
grounded service conductors. 



(B) Phase Arrangement. The phase arrangement on 
3-phase horizontal common power and vertical buses shall 
be A, B, C from froiitto back, top to bottom, or left to right, 
as viewed from theirte of the motor control center. The B 
phase shall be that ppse having the higher voltage to 
ground on 3-phase, 4-wire, ctelta-connected systems. Other 
busbar arrangements shall Ire permitted for additions to ex¬ 
isting installations and shall be marked. 

Exception: Rear-mounted units connected to a vertical bus 
is coimnon to front-mounted units shall be permitted to 
A phase arrangement where properly 


Minimum Wire-Bending Space. The minimum wire- 
ding space at the motor control center terminals and 
hi mum gutter space shall be as required in Article 312. 


(D) Spacings. Spacings between motor control center bus 
terminals and other bare metal parts shall not be less than 
specified in Table 430.97. 

(E) Barriers. Barriers shall be placed in all service- 
entrance motor control centers to isolate service busbars 
and terminals from the remainder of the motor control cen¬ 
ter. 

430.98 Marking. 


Exception: A second service disconnect shall be permitted 
to supply additional equipment. 

Where a grounded conductor is provided, the motor 
control center shall be provided with a main bonding 
jumper, sized in accordance with 250.28(D), within one of 
the sections for connecting the grounded conductor, on its 
supply side, to the motor control center equipment ground 
bus. 


(A) Motor Control Centers. Motor control centers shall 
be marked according to 110.21, and the marking shall be 
plainly visible after installation. Marking shall also include 
common power bus current rating and motor control center 
short-circuit rating. [ROP 11-28] 

(B) Motor Control Units. Motor control units in a motor 
control center shall comply with 430.8. 


Exception: High-impedance grounded neutral systems 

shall be permitted to be connected as provided in 250.36. 

430.96 Grounding. Multisection motor control centers 
shall be connected together with an equipment grounding 
conductor or an equivalent equipment grounding bus sized 


IX. Disconnecting Means 

430.101 General. Part IX is intended to require discon¬ 
necting means capable of disconnecting motors and con¬ 
trollers from the circuit. 

[ROP ll-29b] 
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Table 430.97 Minimum Spacing Between Bare Metal Parts 


Nominal Voltage 


Opposite Polarity Where Opposite Polarity Where 

Mounted on the Same Surface Held Free in Air 


mm 


mm 


Live Parts to Ground 


mm in. 


Not over 125 volts, nominal 

19.1 

3 /4 

12.7 

y 2 

12.7 

3/2 

Not over 250 volts, nominal 

31.8 

1 Vi 

19.1 

3/4 

12.7 

1/2 

Not over 600 volts, nominal 

50.8 

2 

25.4 

1 

25.4 

1 


430.102 Location. 

(A) Controller. An individual disconnecting means shall 
be provided for each controller and shall disconnect the 
controller. The disconnecting means shall be located in 
sight from the controller location. 

Exception No. 1: For motor circuits over 1000 volts, 
nominal, a controller disconnecting means lockable in ac¬ 
cordance with 110.25 shall be permitted to be out of sight 
of the controller, provided the controller is marked with a 
warning label giving the location of the disconnecting 
means. [ROP 11-20, ROP 11-45] 

Exception No. 2: A single disconnecting means sh 
permitted for a group of coordinated con trollers that\ 
several parts of a single machine or piece of apparl 
The disconnecting means shall be located in sight v from 


controllers, and both the disconnectin. 
trollers shall be located in sight 
apparatus. 

Exception No. 3: The 
required to be in sight 
assemblies containing the Controller 
introduces additional or i 
property and conditions (a) 



gjtall not be 
tor motor (VAM) 
l such a location 
is to persons or 
fhet. 


(a) The valve actuator motor msembly is marked with 
a warning label giving the location of the disconnecting 
means. 

(b) The disconnecting means shall be lockable in ac¬ 
cordance with 110.25. [ROP 11-48] 


if it is in sight from the motor location and the driven 
machinery location. 

Exception to (1) and (2): The disconnecting means for the 
motor shall not be required under either condition (a) or 
condition (fm provided the controller disconnecting means 
required in 430.102(A) is lockable in accordance with 

110.2^kOV 11-49] 

u) Where location of the disconnecting means 

r the motor is impracticable or introduces additional or 
hazards to persons or property 

Informational Note: Some examples of increased or addi- 
al hazards include, but are not limited to, motors rated 
m excess of 100 hp, multimotor equipment, submersible 
otofe, motors associated with adjustable speed drives, and 
ors located in hazardous (classified) locations. [ROP 
ll-29b] 


(b) In industrial installations, with written safety pro¬ 
cedures, where conditions of maintenance and supervision 
ensure that only qualified persons service the equipment 

Informational Note: For information on lockout/tagout 
procedures, see NFPA 70E, Standard for Electrical Safety 
in the Workplace. [ROP ll-29b] 

430.103 Operation. The disconnecting means shall open 
all ungrounded supply conductors and shall be designed so 
that no pole can be operated independently. The disconnect¬ 
ing means shall be permitted in the same enclosure with the 
controller. The disconnecting means shall be designed so 
that it cannot be closed automatically. 

Informational Note: See 430.113 for equipment receiving 
energy from more than one source. 


(B) Motor. A disconnecting means shall be provided for a 
motor in accordance with (B)(1) or (B)(2). 

(1) Separate Motor Disconnect. A disconnecting means 
for the motor shall be located in sight from the motor loca¬ 
tion and the driven machinery location. 

(2) Controller Disconnect. The controller disconnecting 
means required in accordance with 430.102(A) shall be 
permitted to serve as the disconnecting means for the motor 


430.104 To Be Indicating. The disconnecting means shall 
plainly indicate whether it is in the open (off) or closed (on) 
position. 

430.105 Grounded Conductors. One pole of the discon¬ 
necting means shall be permitted to disconnect a perma¬ 
nently grounded conductor, provided the disconnecting 
means is designed so that the pole in the grounded conduc¬ 
tor cannot be opened without simultaneously disconnecting 
all conductors of the circuit. 
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430.107 Readily Accessible. At least one of the discon¬ 
necting means shall be readily accessible. 

430.108 Every Disconnecting Means. Every disconnect¬ 
ing means in the motor circuit between the point of attach¬ 
ment to the feeder or branch circuit and the point of con¬ 
nection to the motor shall comply with the requirements of 

430.109 and 430.110. 

430.109 Type. The disconnecting means shall be a type 
specified in 430.109(A), unless otherwise permitted in 
430.109(B) through (G), under the conditions specified. 


the disconnecting means shall be permitted to be one of the 
devices specified in (1), (2), or (3): 

(1) A general-use switch having an ampere rating not less 
than twice the full-load current rating of the motor 

(2) On ac circuits, a general-use snap switch suitable only 
for use on ac (not general-use ac-dc snap switches) 
where the motor full-load current rating is not more 
than 80 percent of the ampere rating of the switch 

(3) A listed manual motor controller having a horsepower 
rating not less than the rating of the motor and marked 
“Suitable as Motor Disconnect” 


(A) General. 

(1) Motor Circuit Switch. A listed motor-circuit switch 
rated in horsepower. 

(2) Molded Case Circuit Breaker. A listed molded case 
circuit breaker. 

(3) Molded Case Switch. A listed molded case switch. 

(4) Instantaneous Trip Circuit Breaker. An instanta¬ 
neous trip circuit breaker that is part of a listed combination 
motor controller. 

(5) Self-Protected Combination Controller. Listed self- 
protected combination controller. 

(6) Manual Motor Controller. Listed manual motor cc 
trailers additionally marked “Suitable as Motor Discon¬ 
nect” shall be permitted as a disconnecting means wb 
installed between the final motor branch-circuit short- 
circuit protective device and the motor. Listed mantel mo¬ 
tor controllers additionally markf^Puitable as Motbr Dis¬ 
connect” shall be permitted as disconnecting means on the 
line side of the fuses permitted in 430.52(C)J5). In this 
case, the fuses permitted in 430.52(C)(5) shaMBe consid¬ 
ered supplementary fuses, and suitableLbranch-circuit short- 
circuit and ground-fault protective devicesWiall be installed 
on the line side of the manual motor controller additionally 
marked “Suitable as Motor Disconnect.” 

(7) System Isolation Equipment. System isolation equip¬ 
ment shall be listed for disconnection purposes. System 
isolation equipment shall be installed on the load side of the 
overcurrent protection and its disconnecting means. The 
disconnecting means shall be one of the types permitted by 
430.109(A)(1) through (A)(3). 


(D) Autotransformer-Type Controlled Motors. For mo¬ 
tors of over 2 hp to and including 100 hp, the separate 
disconnecting mean& required for a motor with an 
autotransformer-type-controller shall be permitted to be a 
general-use switch where all of the following provisions are 
met: 

(1) The^gfiotor driveS^f^generator that is provided with 
tad protection. 

(2^UPe controller is capable of interrupting the locked- 
rent of the motors, is provided with a no volt¬ 
age'release. and is provided with running overload pro- 
__ tection not exceeding 125 percent of the motor full¬ 
load current rating. 

\ (^pSeparate fuses or an inverse time circuit breaker rated 
" ^ or set at not more than 150 percent of the motor full¬ 
load current is provided in the motor branch circuit. 

t) Isolating Switches. For stationary motors rated at 
more than 40 hp dc or 100 hp ac, the disconnecting means 
shall be permitted to be a general-use or isolating switch 
where plainly marked “Do not operate under load.” 

(F) Cord-and-Plug-Connected Motors. For a cord-and- 
plug-connected motor, a horsepower-rated attachment plug 
and receptacle, flanged surface inlet and cord connector, or 
attachment plug and cord connector having ratings no less 
than the motor ratings shall be permitted to serve as the 
disconnecting means. Horsepower-rated attachment plugs, 
flanged surface inlets, receptacles, or cord connectors shall 
not be required for cord-and-plug-connected appliances in 
accordance with 422.33, room air conditioners in accor¬ 
dance with 440.63, or portable motors rated 'A hp or less. 

(G) Torque Motors. For torque motors, the disconnecting 
means shall be permitted to be a general-use switch. 


(B) Stationary Motors of Vs Horsepower or Less. For 

stationary motors of Vs hp or less, the branch-circuit over¬ 
current device shall be permitted to serve as the disconnect¬ 
ing means. 

(C) Stationary Motors of 2 Horsepower or Less. For 

stationary motors rated at 2 hp or less and 300 volts or less, 


430.110 Ampere Rating and Interrupting Capacity. 

(A) General. The disconnecting means for motor circuits 
rated 1000 volts, nominal, or less shall have an ampere 
rating not less than 115 percent of the full-load current 
rating of the motor. [ROP 11-20] 
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Exception: A listed unfused motor-circuit switch having a 
horsepower rating not less than the motor horsepower shall 
be permitted to have an ampere rating less than 115 per¬ 
cent of the full-load current rating of the motor. 

(B) For Torque Motors. Disconnecting means for a 
torque motor shall have an ampere rating of at least 
115 percent of the motor nameplate current. 


Exception: A listed nonfused motor-circuit switch having 
a horsepower rating equal to or greater than the equivalent 
horsepower of the combined loads, determined in accor¬ 
dance with 430.110(C)(1), shall be permitted to have an 
ampere rating less than 115 percent of the sum of all cur¬ 
rents at the full-load condition. 

(3) Small Motors. For small motors not covered by Table 


(C) For Combination Loads. Where two or more motors 
are used together or where one or more motors are used in 
combination with other loads, such as resistance heaters, 
and where the combined load may be simultaneous on a 
single disconnecting means, the ampere and horsepower 
ratings of the combined load shall be determined as fol¬ 
lows. 

(1) Horsepower Rating. The rating of the disconnecting 
means shall be determined from the sum of all currents, 
including resistance loads, at the full-load condition and 
also at the locked-rotor condition. The combined full-load 
current and the combined locked-rotor current so obtained 
shall be considered as a single motor for the purpose of this 
requirement as follows. 

The full-load current equivalent to the horsepower rat¬ 
ing of each motor shall be selected from Table 4 
Table 430.248, Table 430.249, or Table 430.250. The: 
full-load currents shall be added to the rating in amperes of 



other loads to obtain an equivalent full-load current for 
combined load. 

The locked-rotor current equivali 
rating of each motor shall be 

430.251(A) or Table 430.251(B). JThe locked-rotor currents 
shall be added to the rating in amperes of other loads to 
obtain an equivalent locked-rotor current for me combined 
load. Where two or more motors or other doads cannot be 
started simultaneously, the^argest sum of locked-rotor cur¬ 
rents of a motor or group of motors .-yKt can be started 
simultaneously and the full-load currents of other concur¬ 
rent loads shall be permitted to boused to determine the 
equivalent locked-rotor current for the simultaneous com¬ 
bined loads. In cases where different current ratings are 
obtained when applying these tables, the largest value ob¬ 
tained shall be used. 



430.247, Table 430.248, Table 430.249, or Table 430.250, 
the locked-rotor current shall be assumed to be six times 
the full-load current. 

430.111 Switch or Circuit Breaker as Both Controller 
and Disconnecting Means. A switch or circuit breaker 
shall be permitted to be used as both the controller and 
disconnectincyajeans if it complies with 430.111(A) and is 
one of the types specified in 430.111(B). 

(A) General. The switch or circuit breaker complies with 
the requirements for controllers specified in 430.83, opens 
ngrounded conductors to the motor, and is protected by 
overcurrent device in each ungrounded conductor 
.(which shall be permitted to be the branch-circuit fuses). 

vercurrent device protecting the controller shall be 
permitted to be part of the controller assembly or shall be 
permitted to be separate. An autotransformer-type control- 
alfbe provided with a separate disconnecting means. 


(B) Type. The device shall be one of the types specified in 
430.111(B)(1), (B)(2), or (B)(3). 

(1) Air-Break Switch. An air-break switch, operable di¬ 
rectly by applying the hand to a lever or handle. 

(2) Inverse Time Circuit Breaker. An inverse time circuit 
breaker operable directly by applying the hand to a lever or 
handle. The circuit breaker shall be permitted to be both 
power and manually operable. 

(3) Oil Switch. An oil switch used on a circuit whose 
rating does not exceed 1000 volts or 100 amperes, or by 
special permission on a circuit exceeding this capacity 
where under expert supervision. The oil switch shall be 
permitted to be both power and manually operable. [ROP 
11 - 20 ] 


Exception: Where part of the concurrent load is resistance 
load, and where the disconnecting means is a switch rated 
in horsepower and amperes, the switch used shall be per¬ 
mitted to have a horsepower rating that is not less than the 
combined load of the motor(s), if the ampere rating of the 
switch is not less than the locked-rotor current of the mo¬ 
tors) plus the resistance load. 

(2) Ampere Rating. The ampere rating of the disconnect¬ 
ing means shall not be less than 115 percent of the sum of 
all currents at the full-load condition determined in accor¬ 
dance with 430.110(C)(1). 


430.112 Motors Served by Single Disconnecting Means. 

Each motor shall be provided with an individual discon¬ 
necting means. 

Exception: A single disconnecting means shall be permit¬ 
ted to serve a group of motors under any one of the condi¬ 
tions of (a), (b), and (c). The single disconnecting means 
shall be rated in accordance with 430.110(C). 

(a) Where a number of motors drive several parts of a 
single machine or piece of apparatus, such as metal- and 
woodworking machines, cranes, and hoists. 
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(b) Where a group of motors is under the protection of 
one set of branch-circuit protective devices as permitted by 
430.53(A). 

(c) Where a group of motors is in a single room within 
sight from the location of the disconnecting means. 

430.113 Energy from More Than One Source. Motor 
and motor-operated equipment receiving electric energy 
from more than one source shall be provided with discon¬ 
necting means from each source of electric energy imme¬ 
diately adjacent to the equipment served. Each source shall 
be permitted to have a separate disconnecting means. 
Where multiple disconnecting means are provided, a per¬ 
manent warning sign shall be provided on or adjacent to 
each disconnecting means. 

Exception No. 1: Where a motor receives electric energy 
from more than one source, the disconnecting means for the 
main power supply to the motor shall not be required to be 
immediately adjacent to the motor, provided the controller 
disconnecting means is lockable in accordance with 110.25. 
[ROP 11-54] 

Exception No. 2: A separate disconnecting means shall 
not be required for a Class 2 remote-control circuit con¬ 
forming with Article 725, rated not more than 30 volts, an, 
isolated and ungrounded. 

X. Adjustable-Speed Drive Systems 

430.120 General. The installation pro visit): 
through Part IX are applicable unless modifi 
mented by Part X. 

[ROP ll-29b] 


430.122 Conductors — Minimi 



pacity. 


(A) Branch/Feeder Circuit Conductors. Circuit conduc¬ 
tors supplying power conversion equip^mt included as 
part of an adjustable-speed drive system shall have an am¬ 
pacity not less than 125 percent of the rated input current to 
the power conversion equipment. 

Informational Note: Power conversion equipment can 
have multiple power ratings and corresponding input 
currents. 

(B) Bypass Device. For an adjustable-speed drive system 
that utilizes a bypass device, the conductor ampacity shall 
not be less than required by 430.6. The ampacity of circuit 
conductors supplying power conversion equipment in¬ 
cluded as part of an adjustable-speed drive system that uti¬ 
lizes a bypass device shall be the larger of either of the 
following: 

(1) 125 percent of the rated input current to the power 
conversion equipment 


(2) 125 percent of the motor full-load current rating as 
determined by 430.6 

430.124 Overload Protection. Overload protection of the 
motor shall be provided. 

(A) Included in Power Conversion Equipment. Where 
the power conversion equipment is marked to indicate that 
motor overload protection is included, additional overload 
protection shall not be required. 

(B) Bypass Circuits. For adjustable speed drive systems 
that utilize a bypass device to allow motor operation at 
rated full-load speed, motor overload protection as de¬ 
scribed in Article 430, Part III, shall be provided in the 
bypass circuit. 

(C) Multiple Motor Applications. For multiple motor ap¬ 
plication, individual motor overload protection shall be pro¬ 
vided in aecWdance with Article 430, Part III. 


430 


Motor Overtemperature Protection. 




(A) General. Adjustable speed drive systems shall protect 
against motor overtemperature conditions where the motor 
rated to operate at the nameplate rated current over 
d range required by the application. This protection 
ided in addition to the conductor protection 
in 430.32. Protection shall be provided by one of 
following means. 

Motor thermal protector in accordance with 430.32 
Adjustable speed drive system with load and speed- 
sensitive overload protection and thermal memory re¬ 
tention upon shutdown or power loss 

Exception to (2): Thermal memory retention upon shut¬ 
down or power loss is not required for continuous duty 
loads. 

(3) Overtemperature protection relay utilizing thermal sen¬ 
sors embedded in the motor and meeting the require¬ 
ments of 430.32(A)(2) or (B)(2) 

(4) Thermal sensor embedded in the motor whose commu¬ 
nications are received and acted upon by an adjustable 
speed drive system 

Informational Note: The relationship between motor cur¬ 
rent and motor temperature changes when the motor is op¬ 
erated by an adjustable speed drive. In certain applications, 
overheating of motors can occur when operated at reduced 
speed, even at current levels less than a motor’s rated full¬ 
load current. The overheating can be the result of reduced 
motor cooling when its shaft-mounted fan is operating less 
than rated nameplate RPM. As part of the analysis to deter¬ 
mine whether overheating will occur, it is necessary to con¬ 
sider the continuous torque capability curves for the motor 
given the application requirements. This will assist in de¬ 
termining whether the motor overload protection will be 
able, on its own, to provide protection against overheating. 
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These overheating protection requirements are only in¬ 
tended to apply to applications where an adjustable speed 
drive, as defined in Article 100, is used. [ROP ll-29b] 

For motors that utilize external forced air or liquid 
cooling systems, overtemperature can occur if the cooling 
system is not operating. Although this issue is not unique to 
adjustable speed applications, externally cooled motors are 
most often encountered with such applications. In these 
instances, overtemperature protection using direct tempera¬ 
ture sensing is recommended [i.e., 430.126(A)(1), (A)(3), 
or (A)(4)], or additional means should be provided to en¬ 
sure that the cooling system is operating (flow or pressure 
sensing, interlocking of adjustable speed drive system and 
cooling system, etc.). 

(B) Multiple Motor Applications. For multiple motor ap¬ 
plications, individual motor overtemperature protection 
shall be provided as required in 430.126(A). 

(C) Automatic Restarting and Orderly Shutdown. The 

provisions of 430.43 and 430.44 shall apply to the motor 
overtemperature protection means. 

430.128 Disconnecting Means. The disconnecting means 
shall be permitted to be in the incoming line to the conver¬ 
sion equipment and shall have a rating not less than 
115 percent of the rated input current of the conversion 
unit. 

430.130 Branch Circuit Short-Circuit and Ground- 
Fault Protection for Single Motor Circuits Containing 
Power Conversion Equipment. [ROP ll-60a] 

(A) Circuits Containing Power Conversion pwipment. 

Circuits containing power conversion equipment shall be 
protected by a branch circuit shoi^ircun: and ground-fault 
protective device in accordance with the following: 

(1) The rating and type of protection shall be determined 
by 430.52 (C) (1),%),T5) or (6) using the full load 
current rating of the motor load determined by 

(2) Where maximum branch-circuit short-circuit and 
ground-fault protective ratings are stipulated for spe¬ 
cific device types in the manufacturers instructions 
with the power conversion equipment or are otherwise 
marked on the equipment, they shall not be exceeded 
even if higher values are permitted in 430.130 (A) (1). 

(3) A self-protected combination controller shall only be 
permitted where specifically identified in the manufac¬ 
turer’s instructions with the power conversion equip¬ 
ment or otherwise marked on the equipment. 

Informational Note: The type of protective device, its rat¬ 
ing and setting may be marked on or provided with the 
power conversion equipment. 

[ROP ll-60a] 

(B) Bypass Circuit/Device. Branch circuit short-circuit 
and ground-fault protection shall also be provided for by¬ 


pass circuit/device(s). Where a single branch-circuit short- 
circuit and ground-fault protective device is provided for 
circuits containing both power conversion equipment and a 
bypass circuit, the branch circuit protective device type and 
its rating or setting shall be in accordance with that deter¬ 
mined for the power conversion equipment and for the by¬ 
pass circuit/device(s) equipment. [ROP ll-60a] 

430.131 Several Motors or Loads on One Branch Cir¬ 
cuit including Power Conversion Equipment . For instal¬ 
lations meeting all the requirements of 430.53 that include 
one or more power converters, the branch circuit short- 
circuit and ground-fault protective fuses or inverse time 
circuit breakers shall be of a type and rating or setting 
permitted for use with the power conversion equipment 
using the full load current rating of the connected motor 
load in accordance with 430.53. 


[ROP 11-20, ROP 11-61] 

430.221 General. Part XI recognizes the additional hazard 
due to the use of higher voltages. It adds to or amends the 
other provisions of this article. 

430.222 Marking on Controllers. In addition to the mark¬ 
ing required by 430.8, a controller shall be marked with the 
control voltage. 

430.223 Raceway Connection to Motors. Flexible metal 
conduit or liquidtight flexible metal conduit not exceeding 
1.8 m (6 ft) in length shall be permitted to be employed for 
raceway connection to a motor terminal enclosure. 

430.224 Size of Conductors. Conductors supplying mo¬ 
tors shall have an ampacity not less than the current at 
which the motor overload protective device(s) is selected to 
trip. 

430.225 Motor-Circuit Overcurrent Protection. 

(A) General. Each motor circuit shall include coordinated 
protection to automatically interrupt overload and fault cur¬ 
rents in the motor, the motor-circuit conductors, and the 
motor control apparatus. 

Exception: Where a motor is critical to an operation and 
the motor should operate to failure if necessary to prevent a 
greater hazard to persons, the sensing device(s) shall be 
permitted to be connected to a supervised annunciator or 
alarm instead of interrupting the motor circuit. 



Note: For the purposes of 430.53 and 
onversion equipment is considered a motor 


Over 1000 Volts, Nominal 
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(B) Overload Protection. 

(1) Type of Overload Device. Each motor shall be pro¬ 
tected against dangerous heating due to motor overloads 
and failure to start by a thermal protector integral with the 
motor or external current-sensing devices, or both. Protec¬ 
tive device settings for each motor circuit shall be deter¬ 
mined under engineering supervision. 


tor branch-circuit disconnecting means is separate from the 
controller, the disconnecting means current rating shall not 
be less than the ultimate trip setting of the overcurrent 
relays in the circuit. 

430.227 Disconnecting Means. The controller disconnect¬ 
ing means shall be lockable in accordance with 110.25. 

[ROP 11-64] 


(2) Wound-Rotor Alternating-Current Motors. The sec¬ 
ondary circuits of wound-rotor ac motors, including con¬ 
ductors, controllers, and resistors rated for the application, 
shall be considered as protected against overcurrent by the 
motor overload protection means. 

(3) Operation. Operation of the overload interrupting de¬ 
vice shall simultaneously disconnect all ungrounded con¬ 
ductors. 

(4) Automatic Reset. Overload sensing devices shall not 
automatically reset after trip unless resetting of the over¬ 
load sensing device does not cause automatic restarting of 
the motor or there is no hazard to persons created by auto¬ 
matic restarting of the motor and its connected machinery. 

(C) Fault-Current Protection. 

(1) Type of Protection. Fault-current protection shall be" 
provided in each motor circuit as specified by either (l)(a) 
or (l)(b). 

(a) A circuit breaker of suitable type ;utd rat in 
ranged so that it can be serviced without hazard. The cj 
breaker shall simultaneously disconnect a 


conductors. The circuit breaker 
the fault current by means of inte 
elements. 

(b) Fuses of a suitable type and rating placed in each 
ungrounded conductor. Fuses shall be used with suitable 
disconnecting means, or they shall be of a type that can also 
serve as the disconnecting means. They shall be arranged 
so that they cannot be serviced while they are energized. 

(2) Reclosing. Fault-current interrupting devices shall not 
automatically reclose the circuit. 



XII. Protection of Live Parts — All Voltages 

430.231 General. Part XII specifies that live parts shall be 
protected in a manner judged adequate for the hazard in¬ 
volved. 

430.232 Where Required. Exposed live parts of motors 
and controllers operating at 50 volts or more between ter¬ 
minals shall, be gU^Bed against accidental contact by en¬ 
closure or by location as follows: 

(1) BjpRstallation in a rooiSvpr enclosure that is accessible 
only to qualified persons 

(2) ^^^^^mition on a suitable balcony, gallery, or plat¬ 
form, elevated and arranged so as to exclude unquali¬ 
fied pe^kns 

vation 2.5 m (8 ft) or more above the floor 

eption: Live parts of motors operating at more than 50 
Its between terminals shall not require additional guard- 
for stationary motors that have commutators, collec¬ 
ts, and brush rigging located inside of mot or-end brack¬ 
ets and not conductively connected to supply circuits 
operating at more than 150 volts to ground. 

430.233 Guards for Attendants. Where live parts of mo¬ 
tors or controllers operating at over 50 volts to ground are 
guarded against accidental contact only by location as 
specified in 430.232, and where adjustment or other atten¬ 
dance may be necessary during the operation of the appa¬ 
ratus, suitable insulating mats or platforms shall be pro¬ 
vided so that the attendant cannot readily touch live parts 
unless standing on the mats or platforms. [ROP 11-68] 


Exception: Automatic reclosing of a circuit shall be per¬ 
mitted where the circuit is exposed to transient faults and 
where such automatic reclosing does not create a hazard to 
persons. 

(3) Combination Protection. Overload protection and 
fault-current protection shall be permitted to be provided by 
the same device. 

430.226 Rating of Motor Control Apparatus. The ulti¬ 
mate trip current of overcurrent (overload) relays or other 
motor-protective devices used shall not exceed 115 percent 
of the controller’s continuous current rating. Where the mo¬ 


Informational Note: For working space, see 110.27 and 
110.34. 

XIII. Grounding — All Voltages 

430.241 General. Part XIII specifies the grounding of ex¬ 
posed non-current-carrying metal parts, likely to become 
energized, of motor and controller frames to prevent a volt¬ 
age aboveground in the event of accidental contact between 
energized parts and frames. Insulation, isolation, or guard¬ 
ing are suitable alternatives to grounding of motors under 
certain conditions. 
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430.242 Stationary Motors. The frames of stationary mo¬ 
tors shall be grounded under any of the following condi¬ 
tions: 

(1) Where supplied by metal-enclosed wiring 

(2) Where in a wet location and not isolated or guarded 

(3) If in a hazardous (classified) location 

(4) If the motor operates with any terminal at over 150 
volts to ground 

Where the frame of the motor is not grounded, it shall 
be permanently and effectively insulated from the ground. 

430.243 Portable Motors. The frames of portable motors 
that operate over 150 volts to ground shall be guarded or 
grounded. 

Informational Note No. 1: See 250.114(4) for grounding 
of portable appliances in other than residential occupancies. 

Informational Note No. 2: See 250.119(C) for color of 
equipment grounding conductor. 

Exception No. 1: Listed motor-operated tools, listed 
motor-operated appliances, and listed motor-operated 
equipment shall not be required to be grounded where pro¬ 
tected by a system of double insulation or its equiwlent. 
Double-insulated equipment shall be distinctively im 

Exception No. 2: Listed motor-operated tools, listed 
motor-operated appliances, and listed motor-operdted 
equipment connected by a cord and attachment pktg otli 
than those required to be grounded^itf accordance witj 
250.114. 

430.244 Controllers. Co ntroller eneiosu 
nected to the equipment 
voltage. Controller enclos 
ment of an equipment grt? 
accordance with 250.8. 




ctor regardless of 
eans Tor attach- 
termination in 


Exception: Enclosures attached to ungrounded portable 
equipment shall not be required to be grounded. 

430.245 Method of Grounding. Connection to the equip¬ 
ment grounding conductor shall be done in the manner 
specified in Part VI of Article 250. 

(A) Grounding Through Terminal Housings. Where the 
wiring to motors is metal-enclosed cable or in metal race¬ 
ways, junction boxes to house motor terminals shall be 
provided, and the armor of the cable or the metal raceways 
shall be connected to them in the manner specified in 
250.96(A) and 250.97. 

[ROP ll-29b] 


provided the leads to the motor are stranded conductors 
within Type AC cable, interlocked metal tape Type MC 
cable where listed and identified in accordance with 
250.118( 10)(a), or armored cord or are stranded leads en¬ 
closed in liquidtight flexible metal conduit, flexible metal 
conduit, intermediate metal conduit, rigid metal conduit, or 
electrical metallic tubing not smaller than metric designator 
12 (trade size 3 /g), the armor or raceway being connected 
both to the motor and to the box. 

Liquidtight flexible nonmetallic conduit and rigid non- 
metallic conduit shall be permitted to enclose the leads to 
the motor, provided the leads are stranded and the required 
equipment grounding conductor is connected to both the 
motor and to the box. 

Where stranded leads are used, protected as specified 
above, each strand within the conductor shall be not larger 
than 10 AWG and shall comply with other requirements of 
this Gone for conductors to be used in raceways. 

Grounding of Controller-Mounted Devices. Instru¬ 
ment transformer secondaries and exposed non-current- 
rrying metal or other conductive parts or cases of instru- 
transformers, meters, instruments, and relays shall be 
grounded as specified in 250.170 through 250.178. 


XIV. Tables 


Table 430.248 Full-Load Currents in Amperes, Single-Phase 
Alternating-Current Motors 

The following values of full-load currents are for mo¬ 
tors running at usual speeds and motors with normal torque 
characteristics. The voltages listed are rated motor voltages. 
The currents listed shall be permitted for system voltage 
ranges of 110 to 120 and 220 to 240 volts. 


Horsepower 

115 

Volts 

200 

Volts 

208 

Volts 

230 

Volts 

V 6 

4.4 

2.5 

2.4 

2.2 

Va 

5.8 

3.3 

3.2 

2.9 

Vi 

7.2 

4.1 

4.0 

3.6 

Vi 

9.8 

5.6 

5.4 

4.9 

3 /4 

13.8 

7.9 

7.6 

6.9 

1 

16 

9.2 

8.8 

8.0 

m 

20 

11.5 

11.0 

10 

2 

24 

13.8 

13.2 

12 

3 

34 

19.6 

18.7 

17 

5 

56 

32.2 

30.8 

28 

71/2 

80 

46.0 

44.0 

40 

10 

100 

57.5 

55.0 

50 


(B) Separation of Junction Box from Motor. The junc¬ 
tion box required by 430.245(A) shall be permitted to be 
separated from the motor by not more than 1.8 m (6 ft), 
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ARTICLE 430 — MOTORS, MOTOR CIRCUITS, AND CONTROLLERS 


Table 430.247 Full-Load Current in Amperes, Direct-Current Motors 

The following values of full-load currents* are for motors running at base speed. 


Armature Voltage Rating* 


Horsepower 

90 Volts 

120 Volts 

180 Volts 

240 Volts 

500 Volts 

550 Volts 

!4 

4.0 

3.1 

2.0 

1.6 

_ 

_ 

Vi 

5.2 

4.1 

2.6 

2.0 

— 

— 

Vi 

6.8 

5.4 

3.4 

2.7 

— 

— 

% 

9.6 

7.6 

4.8 

3.8 

— 

— 

1 

12.2 

9.5 

6.1 

4.7 

— 

— 

1 V 2 

— 

13.2 

8.3 

6.6 

— 

— 

2 

— 

17 

10.8 

8.5 

— 

— 

3 

— 

25 

16 

12.2 

— 

— 

5 

— 

40 

27 

20 

— 

— 

IV 2 

— 

58 

— 

29 

13.6 

12.2 

10 

_ 

76 

_ 

38 

18 

16 

15 

— 

— 

— 


27 

24 

20 

— 

— 

— 


34 

31 

25 

— 

— 

— 

W 9 

43 

38 

30 

— 

— 

— 

106 

W 51 

46 

40 

— 

— 

— 

140 

X « 

61 


50 

60 

75 

100 

125 

150 

200 



83 

75 

206 

99 

90 

255 

123 

111 

^1 

164 

148 


205 

185 

506 

246 

222 

675 

330 

294 


*These are average dc quantities. 


Table 430.249 Full-Load Current, Two-Phase 
Alternating-Current Motors (4-Wire) 


The following values of full-load current ariMpr motors 
running at speeds usual for belted Victors and motors with 
normal torque characteristics. Current in the common con¬ 
ductor of a 2-phase, 3-wire system will he 1.41 times the 
value given. The voltages listed are rated motor voltages. 
The currents listed shall be permitted for system voltage 
ranges of 110 to 120, 220 to 240, 440 to 480, and 550 to 
1000 volts. [ROP 11-20] 


Table 430.249 Continued 


Horsepower 

Induction-Type Squirrel Cage and 
Wound Rotor (Amperes) 

115 

Volts 

230 

Volts 

460 

Volts 

575 2300 

Volts Volts 

I /2 

4.0 

2.0 

1.0 

0.8 

3 /4 

4.8 

2.4 

1.2 

1.0 — 

1 

6.4 

3.2 

1.6 

1.3 

U/2 

9.0 

4.5 

2.3 

1.8 

2 

11.8 

5.9 

3.0 

2.4 — 

3 

— 

8.3 

4.2 

3.3 

5 

— 

13.2 

6.6 

5.3 


Horsepower 

Induction-Type Squirrel Cage and 
Wound Rotor (Amperes) 

115 

Volts 

230 

Volts 

460 

Volts 

575 

Volts 

2300 

Volts 

IV 2 

— 

19 

9.0 

8.0 

— 

10 

_ 

24 

12 

10 

_ 

15 

— 

36 

18 

14 

— 

20 

— 

47 

23 

19 

— 

25 

— 

59 

29 

24 

— 

30 

— 

69 

35 

28 

— 

40 

— 

90 

45 

36 

— 

50 

_ 

113 

56 

45 

_ 

60 

— 

133 

67 

53 

14 

75 

— 

166 

83 

66 

18 

100 

— 

218 

109 

87 

23 

125 

— 

270 

135 

108 

28 

150 

— 

312 

156 

125 

32 

200 

— 

416 

208 

167 

43 
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ARTICLE 440 — AIR-CONDITIONING AND REFRIGERATING EQUIPMENT 


440.2 


Table 430.250 Full-Load Current, Three-Phase Alternating-Current Motors 

The following values of full-load currents are typical for motors running at speeds usual for belted motors and motors with 
normal torque characteristics. 

The voltages listed are rated motor voltages. The currents listed shall be permitted for system voltage ranges of 110 to 
120. 220 to 240, 440 to 480, and 550 to 1000 volts. [ROP 11-20] 


Induction-Type Squirrel Cage and Wound Rotor (Amperes) 


Synchronous-Type Unity Power 
Factor* (Amperes) 


Horsepower 

115 

Volts 

200 

Volts 

208 

Volts 

230 

Volts 

460 

Volts 

575 

Volts 

2300 

Volts 

230 

Volts 

460 

Volts 

575 

Volts 

2300 

Volts 

X /2 

4.4 

2.5 

2.4 

2.2 

1.1 

0.9 

_ 

_ 

_ 

_ 

_ 

3 /4 

6.4 

3.7 

3.5 

3.2 

1.6 

1.3 

— 

— 

— 

— 

— 

1 

8.4 

4.8 

4.6 

4.2 

2.1 

1.7 

— 

— 

— 

— 

— 

U/2 

12.0 

6.9 

6.6 

6.0 

3.0 

2.4 

— 

— 

— 

— 

— 

2 

13.6 

7.8 

7.5 

6.8 

3.4 

2.7 

- 

— 

— 

— 

— 

3 

— 

11.0 

10.6 

9.6 

4.8 

3.9 


— 

— 

— 

— 

5 

— 

17.5 

16.7 

15.2 

7.6 

6.1 


— 

— 

— 

— 

7 Vi 

— 

25.3 

24.2 

22 

11 

9 A 

A- — 

— 

— 

— 

— 



ARTICLE 440 

Air-Conditioning and Refrigerating 
Equipment 


I. General 

440.1 Scope. The provisions of this article apply to electric 
motor-driven air-conditioning and refrigerating equipment 
and to the branch circuits and controllers for such equip¬ 
ment. It provides for the special considerations necessary 
for circuits supplying hermetic refrigerant motor- 
compressors and for any air-conditioning or refrigerating 
equipment that is supplied from a branch circuit that sup¬ 
plies a hermetic refrigerant motor-compressor. 


440.2 Definitions. 

Branch-Circuit Selection Current. The value in amperes 
to be used instead of the rated-load current in determining 
the ratings of motor branch-circuit conductors, disconnect¬ 
ing means, controllers, and branch-circuit short-circuit and 
ground-fault protective devices wherever the running over¬ 
load protective device permits a sustained current greater 
than the specified percentage of the rated-load current. The 
value of branch-circuit selection current will always be 
equal to or greater than the marked rated-load current. 
[ROP 11-6] 

Leakage-Current Detector-Interrupter (LCDI). A device 
provided in a power supply cord or cord set that senses 
leakage current flowing between or from the cord conduc- 
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Table 430.251(B) Conversion Table of Polyphase Design B, C, and D Maximum Locked-Rotor Currents for Selection of 
Disconnecting Means and Controllers as Determined from Horsepower and Voltage Rating and Design Letter 

For use only with 430.110, 440.12, 440.41 and 455.8(C). 

Rated 

Horsepower 

Maximum Motor Locked-Rotor Current in Amperes, Two- and Three-Phase, Design B, C, and D* 

115 Volts 

200 Volts 

208 Volts 

230 Volts 

460 Volts 

575 Volts 

B, C, D 

B, C, D 

B, C, D 

B, C, D 

B, C, D 

B, C, D 

V2 

40 

23 

22.1 

20 

10 

8 

% 

50 

28.8 

27.6 

25 

12.5 

10 

1 

60 

34.5 

33 

30 

15 

12 

1V2 

80 

46 

44 

40 

20 

16 

2 

100 

57.5 

55 

50 

25 

20 

3 

— 

73.6 

71 

64 

32 

25.6 

5 

— 

105.8 

102 

92 

46 

36.8 

TA 

— 

146 

140 

127 + 

63.5 

50.8 


10 

_ 

186.3 

179 

15 

— 

267 

257 

20 

— 

334 

321 

25 

— 

420 

404 

30 

— 

500 

481 

40 

— 

667 

641 


50 

60 

75 

100 

125 

150 

200 

250 

300 

350 

400 

450 

500 


*Design A motors are not limited to a 


Table 430.251(A) Conversion Table of Single-Phase Locked- 
Rotor Currents for Selection of Disconnecting Means and 
Controllers as Determined from Horsepower and Voltage 
Rating 

For use only with 430.110, 440.12, 440.41, and 455.8(C). 



834 

1001 

1248 

1668 

2087 

2496 

3335 


15 
2170 
2900 


urrent or locked rotor current. 


64.8 

93 

116 

146 

174 

232 


363 

290 

435 

348 

543 

434 

725 

580 

908 

726 

1085 

868 

1450 

1160 

1825 

1460 

2200 

1760 

2550 

2040 

2900 

2320 

3250 

2600 

3625 

2900 


tors and interrupts the circuit at a predetermined level of 
leakage current. 

Rated-Load Current. The rated-load current for a her¬ 
metic refrigerant motor-compressor is the current resulting 


Rated 

Horsepower 

Maximum Locked-Rotor Current in 
Amperes, Single Phase 

115 Volts 

208 Volts 

230 Volts 

l A 

58.8 

32.5 

29.4 

3 /4 

82.8 

45.8 

41.4 

1 

96 

53 

48 

1V2 

120 

66 

60 

2 

144 

80 

72 

3 

204 

113 

102 

5 

336 

186 

168 

IV 2 

480 

265 

240 

10 

1000 

332 

300 


when the motor-compressor is operated at the rated load, 
rated voltage, and rated frequency of the equipment it 
serves. 

440.3 Other Articles. 

(A) Article 430. These provisions are in addition to, or 
amendatory of, the provisions of Article 430 and other ar¬ 
ticles in this Code, which apply except as modified in this 
article. 

(B) Articles 422, 424, or 430. The rules of Articles 422, 
424, or 430, as applicable, shall apply to air-conditioning 
and refrigerating equipment that does not incorporate a her- 
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440.5 


metic refrigerant motor-compressor. This equipment in¬ 
cludes devices that employ refrigeration compressors 
driven by conventional motors, furnaces with air- 
conditioning evaporator coils installed, fan-coil units, re¬ 
mote forced air-cooled condensers, remote commercial re¬ 
frigerators, and so forth. 

(C) Article 422. Equipment such as room air conditioners, 
household refrigerators and freezers, drinking water cool¬ 
ers, and beverage dispensers shall be considered appli¬ 
ances, and the provisions of Article 422 shall also apply. 

(D) Other Applicable Articles. Hermetic refrigerant 
motor-compressors, circuits, controllers, and equipment 
shall also comply with the applicable provisions of Table 
440.3(D). 


Table 440.3(D) Other Articles 


Equipment/Occupancy 


Article 


Section 


Capacitors 

Commercial garages, 
aircraft hangars, motor 
fuel dispensing facilities, 
bulk storage plants, spray 
application, dipping, and 
coating processes, and 
inhalation anesthetizing 
locations 

Hazardous (classified) 
locations 


Motion picture and 
television studios and 
similar locations 
Resistors and reactors 


440.4 Marking on Ilernn 
Compressors and Equipment. 


460.9 


511, 513, 514, 
515, 516, and 517 
Part IV 


500-503, 
and 506 



gerant Motor- 


(A) Hermetic Refrigerant Motor-Compressor Name¬ 
plate. A hermetic refrigerant motor-compressor shall be 
provided with a nameplate that shall indicate the manufac¬ 
turer’s name, trademark, or symbol; identifying designa¬ 
tion; phase; voltage; and frequency. The rated-load current 
in amperes of the motor-compressor shall be marked by the 
equipment manufacturer on either or both the motor- 
compressor nameplate and the nameplate of the equipment 
in which the motor-compressor is used. The locked-rotor 
current of each single-phase motor-compressor having a 
rated-load current of more than 9 amperes at 115 volts, or 
more than 4.5 amperes at 230 volts, and each polyphase 
motor-compressor shall be marked on the motor- 
compressor nameplate. Where a thermal protector comply¬ 
ing with 440.52(A)(2) and (B)(2) is used, the motor- 
compressor nameplate or the equipment nameplate shall be 


marked with the words “thermally protected.” Where a pro¬ 
tective system complying with 440.52(A)(4) and (B)(4) is 
used and is furnished with the equipment, the equipment 
nameplate shall be marked with the words, “thermally pro¬ 
tected system.” Where a protective system complying with 
440.52(A)(4) and (B)(4) is specified, the equipment name¬ 
plate shall be appropriately marked. 


(B) Multimotor and Combination-Load Equipment. 

Multimotor and combination-load equipment shall be pro¬ 
vided with a visible nameplate marked with the maker’s 
name, the rating in volts, frequency and number of phases, 
minimum supply circuit conductor ampacity, the maximum 
rating of the branch-circuit short-circuit and ground-fault 
protective device, and the short-circuit current rating of the 
motor controllers or industrial control panel. The ampacity 
shall be calculated by using Part IV and counting all the 
motors^fe other loads that will be operated at the same 
time. The branc^circuit short-circuit and ground-fault pro¬ 
tective device ratine shall not exceed the value calculated 
using Part III. Multimotor or combination-load equip¬ 
ment Cor use on two or more circuits shall be marked with 
ae above information for each circuit. 



CSption No. 1: Multimotor and combination-load equip- 
ment'fmtf is suitable under the provisions of this article for 
connection to a single 15- or 20-ampere, 120-volt, or a 
lttmipere, 208- or 240-volt, single-phase branch circuit 
shall be permitted to be marked as a single load. 


Exception No. 2: The minimum supply circuit conductor 
ampacity and the maximum rating of the branch-circuit 
short-circuit and ground-fault protective device shall not be 
required to be marked on a room air conditioner complying 
with 440.62(A). 


Exception No. 3: Multimotor and combination-load equip¬ 
ment used in one- and two-family dwellings, cord-and- 
attachment-plug-connected equipment, or equipment sup¬ 
plied from a branch circuit protected at 60 A or less shall 
not be required to be marked with a short-circuit current 
rating. 


(C) Branch-Circuit Selection Current. A hermetic refrig¬ 
erant motor-compressor, or equipment containing such a 
compressor, having a protection system that is approved for 
use with the motor-compressor that it protects and that per¬ 
mits continuous current in excess of the specified percent¬ 
age of nameplate rated-load current given in 440.52(B)(2) 
or (B)(4) shall also be marked with a branch-circuit selec¬ 
tion current that complies with 440.52(B)(2) or (B)(4). This 
marking shall be provided by the equipment manufacturer 
and shall be on the nameplate(s) where the rated-load cur¬ 
rents) appears. 


440.5 Marking on Controllers. A controller shall be 
marked with the manufacturer’s name, trademark, or sym- 
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bol; identifying designation; voltage; phase; full-load and 
locked-rotor current (or horsepower) rating; and other data 
as may be needed to properly indicate the motor- 
compressor for which it is suitable. [ROP 11-79] 


used to determine the highest rated motor shall be the 
equivalent value corresponding to the motor horsepower 
rating selected from Table 430.248, Table 430.249, or Table 
430.250. 


440.6 Ampacity and Rating. The size of conductors for 
equipment covered by this article shall be selected from 
Table 310.15(B)(16) through Table 310.15(B)(19) or calcu¬ 
lated in accordance with 310.15 as applicable. The required 
ampacity of conductors and rating of equipment shall be 
determined according to 440.6(A) and 440.6(B). 

(A) Hermetic Refrigerant Motor-Compressor. For a her¬ 
metic refrigerant motor-compressor, the rated-load current 
marked on the nameplate of the equipment in which the 
motor-compressor is employed shall be used in determining 
the rating or ampacity of the disconnecting means, the 
branch-circuit conductors, the controller, the branch-circuit 
short-circuit and ground-fault protection, and the separate 
motor overload protection. Where no rated-load current is 
shown on the equipment nameplate, the rated-load current 
shown on the compressor nameplate shall be used. 

Exception No. 1: Where so marked, the branch-circuit 
selection current shall be used instead of the rated-load 
current to determine the rating or ampacity of the discon 
necting means, the branch-circuit conductors, the control 
ler, and the branch-circuit short-circuit and gromuLfoult 
protection. 

Exception No. 2: For cord-and-plug-coj 
ment, the nameplate marking shall be usei 
with 440.22(B), Exception No. 2. 

[ROP ll-29b] 

(B) Multimotor Equipment/ For multimoto'^fcquiprfient 
employing a shaded-pole or perm^git split-capacitor-type 
fan or blower motor, the full-load current fra^ich motor 
marked on the nameplate of the equipment in which the fan 
or blower motor is employed shall be used instead of the 
horsepower rating to determine the ampacity or rating of 
the disconnecting means, the branch-circuit conductors, the 
controller, the branch-circuit short-circuit and ground-fault 
protection, and the separate overload protection. This mark¬ 
ing on the equipment nameplate shall not be less than the 
current marked on the fan or blower motor nameplate. 


Exception: Where so marked, the branch-circuit selection 
current shall be used instead of the rated-load current in 
determining the highest rated (largest) motor-compressor. 

440.8 Single Machine. An air-conditioning or refrigerat¬ 
ing system shall be considered to be a single machine under 
the provisions of 430.87, Exception, and 430.112, Excep¬ 
tion. The motors shall be permitted to be located remotely 
from each other. 

440.9 Grounding and Bonding. Where equipment is in¬ 
stalled outdoors with either Liquidtight Flexible Metal 
Conduit or Electrical Metallic Tubing, an equipment 
grounding conductor shall be provided as required per 
350.60(B) and 358.60(B) [ROP 11-83] 



440.11 General. The provisions of Part II are intended to 
require disconnecting means capable of disconnecting air- 
fioning and refrigerating equipment, including motor- 
and controllers from the circuit conductors. 




40.12 Rating and Interrupting Capacity. 

Hermetic Refrigerant Motor-Compressor. A discon- 
ecting means serving a hermetic refrigerant motor- 
compressor shall be selected on the basis of the nameplate 
rated-load current or branch-circuit selection current, 
whichever is greater, and locked-rotor current, respectively, 
of the motor-compressor as follows. 

(1) Ampere Rating. The ampere rating shall be at least 
115 percent of the nameplate rated-load current or branch- 
circuit selection current, whichever is greater. 

Exception: A listed unfused motor circuit switch, without 
fuseholders, having a horsepower rating not less than the 
equivalent horsepower determined in accordance with 
440.12(A)(2) shall be permitted to have an ampere rating 
less than 115 percent of the specified current. 


440.7 Highest Rated (Largest) Motor. In determining 
compliance with this article and with 430.24, 430.53(B) 
and 430.53(C), and 430.62(A), the highest rated (largest) 
motor shall be considered to be the motor that has the 
highest rated-load current. Where two or more motors have 
the same highest rated-load current, only one of them shall 
be considered as the highest rated (largest) motor. For other 
than hermetic refrigerant motor-compressors, and fan or 
blower motors as covered in 440.6(B), the full-load current 


(2) Equivalent Horsepower. To determine the equivalent 
horsepower in complying with the requirements of 
430.109, the horsepower rating shall be selected from Table 
430.248, Table 430.249, or Table 430.250 corresponding to 
the rated-load current or branch-circuit selection current, 
whichever is greater, and also the horsepower rating from 
Table 430.251(A) or Table 430.251(B) corresponding to the 
locked-rotor current. In case the nameplate rated-load cur¬ 
rent or branch-circuit selection current and locked-rotor 
current do not correspond to the currents shown in Table 
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430.248, Table 430.249, Table 430.250, Table 430.251(A), 
or Table 430.251(B), the horsepower rating corresponding 
to the next higher value shall be selected. In case different 
horsepower ratings are obtained when applying these 
tables, a horsepower rating at least equal to the larger of the 
values obtained shall be selected. 

(B) Combination Loads. Where the combined load of two 
or more hermetic refrigerant motor-compressors or one or 
more hermetic refrigerant motor-compressor with other 
motors or loads may be simultaneous on a single discon¬ 
necting means, the rating for the disconnecting means shall 
be determined in accordance with 440.12(B)(1) and (B)(2). 

(1) Horsepower Rating. The horsepower rating of the dis¬ 
connecting means shall be determined from the sum of all 
currents, including resistance loads, at the rated-load con¬ 
dition and also at the locked-rotor condition. The combined 
rated-load current and the combined locked-rotor current so 
obtained shall be considered as a single motor for the pur¬ 
pose of this requirement as required by (l)(a) and (l)(b). 

(a) The full-load current equivalent to the horsepower 
rating of each motor, other than a hermetic refrigerant 
motor-compressor, and fan or blower motors as cove 
440.6(B) shall be selected from Table 430.248, 

430.249, or Table 430.250. These full-load currents sh. 
added to the motor-compressor rated-loa d .cur rent!s 
branch-circuit selection current(s), whf 
and to the rating in amperes of oth 
equivalent full-load current for the 

(b) The locked-rotor current equi' 
power rating of each motor, other than 
ant motor-compressor, shall be selected 
430.251(A) or Table 430.251(B), and,l& 
motors of the shaded-pole or permanent split-capacitor type 
marked with the locked-rotor current, the marked value 
shall be used. The locked-rotor currents shall be added to 
the motor-compressor locked-rotor mrrent(s) and to the rat¬ 
ing in amperes of other loads to obtain an equivalent 
locked-rotor current for the combined load. Where two or 
more motors or other loads such as resistance heaters, or 
both, cannot be started simultaneously, appropriate combi¬ 
nations of locked-rotor and rated-load current or branch- 
circuit selection current, whichever is greater, shall be an 
acceptable means of determining the equivalent locked- 
rotor current for the simultaneous combined load. 


greai 
tain al 



refriger- 
Table 
5id blower 


(2) Full-Load Current Equivalent. The ampere rating of 
the disconnecting means shall be at least 115 percent of the 
sum of all currents at the rated-load condition determined 
in accordance with 440.12(B)(1). 

Exception: A listed unfused motor circuit switch, without 
fuseholders, having a horsepower rating not less than the 
equivalent horsepower determined by 440.12(B)( 1) shall be 
permitted to have an ampere rating less than 115 percent of 
the sum of all currents. 

(C) Small Motor-Compressors. For small motor- 
compressors not having the locked-rotor current marked on 
the nameplate, or for small motors not covered by Table 
430.247, Table 430.248, Table 430.249, or Table 430.250, 
the locked-rotor current shall be assumed to be six times 
the rated-load current. 

Disconnecting Means. Every disconnecting means in 
igerant motor-compressor circuit between the point 
’tachment to the feeder and the point of connection to 
erant motor-compressor shall comply with the re¬ 
ts of 440.12. 


isconnecting Means Rated in Excess of 100 Horse- 

iWherc the rated-load or locked-rotor current as de- 
above would indicate a disconnecting means rated 
ess of 100 hp, the provisions of 430.109(E) shall 



440.13 Cord-Connected Equipment. For cord-connected 
equipment such as room air conditioners, household refrig¬ 
erators and freezers, drinking water coolers, and beverage 
dispensers, a separable connector or an attachment plug and 
receptacle shall be permitted to serve as the disconnecting 
means. 

Informational Note: For room air conditioners, see 440.63. 

440.14 Location. Disconnecting means shall be located 
within sight from and readily accessible from the air- 
conditioning or refrigerating equipment. The disconnecting 
means shall be permitted to be installed on or within the 
air-conditioning or refrigerating equipment. 

The disconnecting means shall not be located on panels 
that are designed to allow access to the air-conditioning or 
refrigeration equipment or to obscure the equipment name¬ 
plate^). 


Exception: Where part of the concurrent load is a resis¬ 
tance load and the disconnecting means is a switch rated in 
horsepower and amperes, the switch used shall be permit¬ 
ted to have a horsepower rating not less than the combined 
load to the motor-compressor(s) and other motor(s) at the 
locked-rotor condition, if the ampere rating of the switch is 
not less than this locked-rotor load plus the resistance load. 


Exception No. 1: Where the disconnecting means provided 
in accordance with 430.102(A) is lockable in accordance 
with 110.25 and the refrigerating or air conditioning equip¬ 
ment is essential to an industrial process in a facility with 
written safety procedures, and where the conditions of 
maintenance and supervision ensure that only qualified 
persons service the equipment, a disconnecting means 
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within sight from the equipment shall not be required. 

[ROP 11-86] 

Exception No. 2: Where an attachment plug and recep¬ 
tacle serve as the disconnecting means in accordance with 
440.13, their location shall be accessible but shall not be 
required to be readily accessible. 

Informational Note No. 1: See Parts VII and IX of Article 
430 for additional requirements. 

Informational Note No. 2: See 110.27. 

III. Branch-Circuit Short-Circuit and Ground-Fault 
Protection 

440.21 General. The provisions of Part III specify devices 
intended to protect the branch-circuit conductors, control 
apparatus, and motors in circuits supplying hermetic refrig¬ 
erant motor-compressors against overcurrent due to short 
circuits and ground faults. They are in addition to or amen¬ 
datory of the provisions of Article 240. 

440.22 Application and Selection. 

(A) Rating or Setting for Individual Motor- 
Compressor. The motor-compressor branch-circuit short-, 
circuit and ground-fault protective device shall be capable 
of carrying the starting current of the motor. A protective 
device having a rating or setting not exceeding 175-percent 
of the motor-compressor rated-load current 
circuit selection current, whichever is greater, I r- 

mitted, provided that, where the protection 


sufficient for the starting current of the motor, 
setting shall be permitted to be increased bi 
ceed 225 percent of the motor rated-load current.or 
circuit selection current, whichever is greater. 




Exception: The rating of the branch-circuit .short-circuit 
and ground-fault protective device shall not bWrequired to 
be less than 15 amperes. 

(B) Rating or Setting for Equipment. The equipment 
branch-circuit short-circuit and ground-fault protective de¬ 
vice shall be capable of carrying the starting current of the 
equipment. Where the hermetic refrigerant motor- 
compressor is the only load on the circuit, the protection 
shall comply with 440.22(A). Where the equipment incor¬ 
porates more than one hermetic refrigerant motor- 
compressor or a hermetic refrigerant motor-compressor and 
other motors or other loads, the equipment short-circuit and 
ground-fault protection shall comply with 430.53 and 
440.22(B)(1) and (B)(2). 

(1) Motor-Compressor Largest Load. Where a hermetic 
refrigerant motor-compressor is the largest load connected 
to the circuit, the rating or setting of the branch-circuit 
short-circuit and ground-fault protective device shall not 


exceed the value specified in 440.22(A) for the largest 
motor-compressor plus the sum of the rated-load current or 
branch-circuit selection current, whichever is greater, of the 
other motor-compressor(s) and the ratings of the other 
loads supplied. 

(2) Motor-Compressor Not Largest Load. Where a her¬ 
metic refrigerant motor-compressor is not the largest load 
connected to the circuit, the rating or setting of the branch- 
circuit short-circuit and ground-fault protective device shall 
not exceed a value equal to the sum of the rated-load cur¬ 
rent or branch-circuit selection current, whichever is 
greater, rating(s) for the motor-compressor(s) plus the value 
specified in 430.53(C)(4) where other motor loads are sup¬ 
plied, or the value specified in 240.4 where only nonmotor 
loads are supplied irj^ddition to the motor-compressor(s). 

Exception No. 1'/Equipment that starts and operates on a 
15- or 20-ampere 120-volt, or 15-ampere 208- or 240-volt 
single-phase>Wranch circuit, shall be permitted to be pro¬ 
tected by the 15- or 20-tmuoere overcurrent device protect¬ 
ing the Branch circuit, but if the maximum branch-circuit 
short-circuit and ground-fault protective device rating 
marked Qfi The equipment is less than these values, the 
circuit p^tective device shall not exceed the value marked 
the equipment nameplate. 

or 2: The nameplate marking of cord-and- 
ted equipment rated not greater than 250 volts, 

’hgle-phase, such as household refrigerators and freezers, 
inking water coolers, and beverage dispensers, shall be 
d in determining the branch-circuit requirements, and 
%ach unit shall be considered as a single motor unless the 
nameplate is marked otherwise. 

(C) Protective Device Rating Not to Exceed the Manu¬ 
facturer’s Values. Where maximum protective device rat¬ 
ings shown on a manufacturer’s overload relay table for use 
with a motor controller are less than the rating or setting 
selected in accordance with 440.22(A) and (B), the protec¬ 
tive device rating shall not exceed the manufacturer’s val¬ 
ues marked on the equipment. 

IV. Branch-Circuit Conductors 

440.31 General. The provisions of Part IV and Article 310 
specify ampacities of conductors required to carry the mo¬ 
tor current without overheating under the conditions speci¬ 
fied, except as modified in 440.6(A), Exception No. 1. 

The provisions of these articles shall not apply to inte¬ 
gral conductors of motors, to motor controllers and the like, 
or to conductors that form an integral part of approved 
equipment. 

[ROP ll-29b] 

440.32 Single Motor-Compressor. Branch-circuit conduc¬ 
tors supplying a single motor-compressor shall have an am- 
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pacity not less than 125 percent of either the motor- 
compressor rated-load current or the branch-circuit 
selection current, whichever is greater. 

For a wye-start, delta-run connected motor-compressor, 
the selection of branch-circuit conductors between the con¬ 
troller and the motor-compressor shall be permitted to be 
based on 72 percent of either the motor-compressor rated- 
load current or the branch-circuit selection current, which¬ 
ever is greater. 

Informational Note: The individual motor circuit conduc¬ 
tors of wye-start, delta-run connected motor-compressors 
carry 58 percent of the rated load current. The multiplier of 
72 percent is obtained by multiplying 58 percent by 1.25. 

440.33 Motor-Compressor(s) With or Without Addi¬ 
tional Motor Loads. Conductors supplying one or more 
motor-compressor(s) with or without an additional load(s) 
shall have an ampacity not less than the sum of the rated- 
load or branch-circuit selection current ratings, whichever 
is larger, of all the motor-compressors plus the full-load 
currents of the other motors, plus 25 percent of the highest 
motor or motor-compressor rating in the group. 

Exception No. 1: Where the circuitry is interlockei 
to prevent the starting and running of a second 
compressor or group of motor-compressors, the cond\ 
size shall be determined from the largest motor-compre. 
or group of motor-compressors that is t^me operated 
given time. 

Exception No. 2: The branch-circuit conductoi 
air conditioners shall be in accordance with i irt VII of 
Article 440. 





440.34 Combination Load. Conductors supplying a 
motor-compressor load in addition to other load(s) as cal¬ 
culated from Article 220 and other ^applicable articles shall 
have an ampacity sufficient for tfrtyother load(s) plus the 
required ampacity for the motor-compressor load deter¬ 
mined in accordance with 440.33 or, for a single motor- 
compressor, in accordance with 440.32. 

Exception: Where the circuitry is interlocked so as to pre¬ 
vent simultaneous operation of the motor-compressor(s) 
and all other loads connected, the conductor size shall be 
determined from the largest size required for the motor- 
compressors) and other loads to be operated at a given 
time. 

440.35 Multimotor and Combination-Load Equipment. 

The ampacity of the conductors supplying multimotor and 
combination-load equipment shall not be less than the mini¬ 
mum circuit ampacity marked on the equipment in accor¬ 
dance with 440.4(B). 


V. Controllers for Motor-Compressors 
440.41 Rating. 

(A) Motor-Compressor Controller. A motor-compressor 
controller shall have both a continuous-duty full-load cur¬ 
rent rating and a locked-rotor current rating not less than 
the nameplate rated-load current or branch-circuit selection 
current, whichever is greater, and locked-rotor current, re¬ 
spectively, of the compressor. In case the motor controller 
is rated in horsepower but is without one or both of the 
foregoing current ratings, equivalent currents shall be de¬ 
termined from the ratings as follows. Table 430.248, Table 
430.249, and Table 430.250 shall be used to determine the 
equivalent full-load current rating. Table 430.251(A) and 
Table 430.251CB) shall be used to determine the equivalent 
locked-rotor current ratings. 

(B) Controller Serving More Than One Load. A control¬ 
ler jewing more than one motor-compressor or a motor- 

ressor and other loads shall have a continuous-duty 
current ratfftg and a locked-rotor current rating not 
the combined load as determined in accordance 
.12(B). 

r-Compressor and Branch-Circuit Overload 
otection 

440.51 General. The provisions of Part VI specify devices 
intended to protect the motor-compressor, the motor-control 
apparatus, and the branch-circuit conductors against exces¬ 
sive heating due to motor overload and failure to start. 

Informational Note: See 240.4(G) for application of Parts 
III and VI of Article 440. 

440.52 Application and Selection. 

(A) Protection of Motor-Compressor. Each motor- 
compressor shall be protected against overload and failure 
to start by one of the following means: 

(1) A separate overload relay that is responsive to motor- 
compressor current. This device shall be selected to trip 
at not more than 140 percent of the motor-compressor 
rated-load current. 

(2) A thermal protector integral with the motor- 

compressor, approved for use with the motor- 

compressor that it protects on the basis that it will pre¬ 
vent dangerous overheating of the motor-compressor 
due to overload and failure to start. If the current¬ 
interrupting device is separate from the motor- 

compressor and its control circuit is operated by a pro¬ 
tective device integral with the motor-compressor, it 
shall be arranged so that the opening of the control 
circuit will result in interruption of current to the 
motor-compressor. 
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(3) A fuse or inverse time circuit breaker responsive to 
motor current, which shall also be permitted to serve as 
the branch-circuit short-circuit and ground-fault protec¬ 
tive device. This device shall be rated at not more than 
125 percent of the motor-compressor rated-load cur¬ 
rent. It shall have sufficient time delay to permit the 
motor-compressor to start and accelerate its load. The 
equipment or the motor-compressor shall be marked 
with this maximum branch-circuit fuse or inverse time 
circuit breaker rating. 

(4) A protective system, furnished or specified and ap¬ 
proved for use with the motor-compressor that it pro¬ 
tects on the basis that it will prevent dangerous over¬ 
heating of the motor-compressor due to overload and 
failure to start. If the current-interrupting device is 
separate from the motor-compressor and its control cir¬ 
cuit is operated by a protective device that is not inte¬ 
gral with the current-interrupting device, it shall be ar¬ 
ranged so that the opening of the control circuit will 
result in interruption of current to the 
motor-compressor. 

(B) Protection of Motor-Compressor Control Appara¬ 
tus and Branch-Circuit Conductors. The motor- 
compressor controller(s), the disconnecting means, and thi 
branch-circuit conductors shall be protected against over¬ 
current due to motor overload and failure to start by one of 
the following means, which shall be permitted to be the 
same device or system protecting the motor-compress(|§ln 
accordance with 440.52(A): 

Exception: Overload protection of motor-comprkdii&fs an 
equipment on 15- and 20-ampere, sjMgle-phase, cii 

cuits shall be permitted to be in Kcordand^^ith 440,5 
and 440.55. 

(1) An overload relay select^ 

440.52(A)(1) 

(2) A thermal protector applied in^Jjp&rdance with 
440.52(A)(2), that will not permit a continuous current 
in excess of 156 percent of the marked rated-load cur¬ 
rent or branch-circuit selection current 



size of fuse or inverse time circuit breaker by which they 
shall be protected. 

Exception: The fuse or inverse time circuit breaker size 
marking shall be permitted on the nameplate of the equip¬ 
ment in which the overload relay or other overload device 
is used. 

440.54 Motor-Compressors and Equipment on 15- or 
20-Ampere Branch Circuits — Not Cord-and- 
Attachment-Plug-Connected. Overload protection for 
motor-compressors and equipment used on 15- or 20- 
ampere 120-volt, or 15-ampere 208- or 240-volt single¬ 
phase branch circuits as permitted in Article 210 shall be 
permitted as indicated in 440.54(A) and 440.54(B). 

(A) Overload Protection. The motor-compressor shall be 
provided with overload protection selected as specified in 
440.52(A). Both thkcontroller and motor overload protec¬ 
tive device shall be identified for installation with the short- 
circuit and ground-fault protective device for the branch 
circuit to which the equipment is connected. 

(B) Time Delay. The short-circuit and ground-fault protec¬ 
tive device protecting the branch circuit shall have suffi¬ 
cient time ltelay to permit the motor-compressor and other 

to start and accelerate their loads. 


-and-Attachment-Plug-Connected Motor- 
mpressors and Equipment on 15- or 20-Ampere 
Circuits. Overload protection for motor- 
pressors and equipment that are cord-and-attachment- 
ug-connected and used on 15- or 20-ampere 120-volt, or 
15-ampere 208- or 240-volt, single-phase branch circuits as 
permitted in Article 210 shall be permitted as indicated in 
440.55(A), (B), and (C). 

(A) Overload Protection. The motor-compressor shall be 
provided with overload protection as specified in 
440.52(A). Both the controller and the motor overload pro¬ 
tective device shall be identified for installation with the 
short-circuit and ground-fault protective device for the 
branch circuit to which the equipment is connected. 



(3) A fuse or inverse time circuit breaker selected in accor¬ 
dance with 440.52(A)(3) 

(4) A protective system, in accordance with 440.52(A)(4), 
that will not permit a continuous current in excess of 
156 percent of the marked rated-load current or branch- 
circuit selection current 

440.53 Overload Relays. Overload relays and other de¬ 
vices for motor overload protection that are not capable of 
opening short circuits shall be protected by fuses or inverse 
time circuit breakers with ratings or settings in accordance 
with Part III unless identified for group installation or for 
part-winding motors and marked to indicate the maximum 


(B) Attachment Plug and Receptacle or Cord Connec¬ 
tor Rating. The rating of the attachment plug and recep¬ 
tacle or cord connector shall not exceed 20 amperes at 125 
volts or 15 amperes at 250 volts. 

(C) Time Delay. The short-circuit and ground-fault protec¬ 
tive device protecting the branch circuit shall have suffi¬ 
cient time delay to permit the motor-compressor and other 
motors to start and accelerate their loads. 

VII. Provisions for Room Air Conditioners 

440.60 General. The provisions of Part VII shall apply to 
electrically energized room air conditioners that control 
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temperature and humidity. For the purpose of Part VII, a 
room air conditioner (with or without provisions for heat¬ 
ing) shall be considered as an ac appliance of the air-cooled 
window, console, or in-wall type that is installed in the 
conditioned room and that incorporates a hermetic refriger¬ 
ant motor-compressor(s). The provisions of Part VII cover 
equipment rated not over 250 volts, single phase, and the 
equipment shall be permitted to be cord-and-attachment- 
plug-connected. [ROP 11-79] 

A room air conditioner that is rated 3 -phase or rated 
over 250 volts shall be directly connected to a wiring 
method recognized in Chapter 3, and provisions of Part VII 
shall not apply. 

440.61 Grounding. The enclosures of room air condition¬ 
ers shall be connected to the equipment grounding conduc¬ 
tor in accordance with 250.110, 250.112, and 250.114. 

440.62 Branch-Circuit Requirements. 

(A) Room Air Conditioner as a Single Motor Unit. A 

room air conditioner shall be considered as a single motor 
unit in determining its branch-circuit requirements where 
all the following conditions are met: 

(1) It is cord-and-attachment-plug-connected. 

(2) Its rating is not more than 40 amperes and 250 
single phase. 

(3) Total rated-load current is shown op the room 
conditioner nameplate rather than individual motor 
rents. 

(4) The rating of the branch-circur Ire' 

ground-fault protective device does ed the am¬ 

pacity of the branch-chgtitconi 
the receptacle, whichever is less. 

(B) Where No Other Li 

marked rating of a cord- 
room air conditioner shall not 
rating of a branch circuit where no 




'lied. The total 
-plug-connected 
80 percent of the 
loads are supplied. 


(C) Where Lighting Units or Other Appliances Are Also 
Supplied. The total marked rating of a cord-and- 
attachment-plug-connected room air conditioner shall not 
exceed 50 percent of the rating of a branch circuit where 
lighting outlets, other appliances, or general-use receptacles 
are also supplied. Where the circuitry is interlocked to pre¬ 
vent simultaneous operation of the room air conditioner and 
energization of other outlets on the same branch circuit, a 
cord-and-attachment-plug-connected room air conditioner 
shall not exceed 80 percent of the branch-circuit rating. 

440.63 Disconnecting Means. An attachment plug and re¬ 
ceptacle or cord connector shall be permitted to serve as the 
disconnecting means for a single-phase room air condi¬ 
tioner rated 250 volts or less if (1) the manual controls on 


the room air conditioner are readily accessible and located 
within 1.8 m (6 ft) of the floor, or (2) an approved manually 
operable disconnecting means is installed in a readily ac¬ 
cessible location within sight from the room air conditioner. 

440.64 Supply Cords. Where a flexible cord is used to 
supply a room air conditioner, the length of such cord shall 
not exceed 3.0 m (10 ft) for a nominal, 120-volt rating or 
1.8 m (6 ft) for a nominal, 208- or 240-volt rating. 

440.65 Leakage-Current Detector-Interrupter (LCDI) 
and Arc-Fault Circuit Interrupter (AFCI). Single-phase 
cord-and-plug-connected room air conditioners shall be 
provided with factory-installed LCDI or AFCI protection. 
The LCDI or AFCI protection shall be an integral part of 
the attachment plug or be located in the power supply cord 
within 300 mm (12 in.) of the attachment plug. 


TICLE 445 
Generators 


ope. This article contains installation and other 
ents for generators. 


445.10 Location. Generators shall be of a type suitable for 
the locations in which they are installed. They shall also 
meet the requirements for motors in 430.14. 

445.11 Marking. Each generator shall be provided with a 
nameplate giving the manufacturer’s name, the rated fre¬ 
quency, number of phases if of alternating current, the rat¬ 
ing in kilowatts or kilovolt amperes, the normal volts and 
amperes corresponding to the rating, rated revolutions per 
minute, and rated ambient temperature or rated temperature 
rise, and time rating. Nameplates for all stationary genera¬ 
tors and portable generators rated more than 15 kW, shall 
also give the power factor, the subtransient and transient 
impedances, insulation system class, and time rating. [ROP 
13-11] 

Marking shall be provided by the manufacturer to indi¬ 
cate whether or not the generator neutral is bonded to the 
generator frame. Where the bonding of a generator is modi¬ 
fied in the field, additional marking shall be required to 
indicate whether or not the generator neutral is bonded to 
the generator frame. [ROP 13-10] 

445.12 Overcurrent and Overload Protection. [ROP 
13-12] 

(A) Constant-Voltage Generators. Constant-voltage gen¬ 
erators, except ac generator exciters, shall be protected 
from overload by inherent design, circuit breakers, fuses, 
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protective relays, or other identified overcurrent protective 
means suitable for the conditions of use. 

(B) Two-Wire Generators. Two-wire, dc generators shall 
be permitted to have overcurrent protection in one conduc¬ 
tor only if the overcurrent device is actuated by the entire 
current generated other than the current in the shunt field. 
The overcurrent device shall not open the shunt field. 

(C) 65 Volts or Less. Generators operating at 65 volts or 
less and driven by individual motors shall be considered as 
protected by the overcurrent device protecting the motor if 
these devices will operate when the generators are deliver¬ 
ing not more than 150 percent of their full-load rated cur¬ 
rent. 

(D) Balancer Sets. Two-wire, dc generators used in con¬ 
junction with balancer sets to obtain neutral points for 
3-wire systems shall be equipped with overcurrent devices 
that disconnect the 3-wire system in case of excessive un¬ 
balancing of voltages or currents. 

(E) Three-Wire, Direct-Current Generators. Three- 
wire, dc generators, whether compound or shunt wound, 
shall be equipped with overcurrent devices, one in each 
armature lead, and connected so as to be actuated by the 
entire current from the armature. Such overcurrent devices 
shall consist either of a double-pole, double-coil circuit 
breaker or of a 4-pole circuit breaker connected 
and equalizer leads and tripped by two overcu 
one in each armature lead. Such protective 
interlocked so that no one pole can be ope: 
multaneously disconnecting both leads of 
from the system. 

Exception to (A) through (E): Where deemed try tlie auf, 
ity having jurisdiction that a e^mentor is vital to the op¬ 
eration of an electrical system and the generator should 
operate to failure to prevent a greater hazard to persons, 
the overload sensing device(s) shall be pemntted to be con¬ 
nected to an annunciator or alarm supervised by autho¬ 
rized personnel instead of interrupting the generator 
circuit. 

445.13 Ampacity of Conductors. The ampacity of the 
conductors from the generator terminals to the first distri¬ 
bution device(s) containing overcurrent protection shall not 
be less than 115 percent of the nameplate current rating of 
the generator. It shall be permitted to size the neutral con¬ 
ductors in accordance with 220.61. Conductors that must 
carry ground-fault currents shall not be smaller than re¬ 
quired by 250.30(A). Neutral conductors of dc generators 
that must carry ground-fault currents shall not be smaller 
than the minimum required size of the largest conductor. 

Exception: Where the design and operation of the genera¬ 
tor prevent overloading, the ampacity of the conductors 



shall not be less than 100 percent of the nameplate current 
rating of the generator. 

445.14 Protection of Live Parts. Live parts of generators 
operated at more than 50 volts to ground shall not be ex¬ 
posed to accidental contact where accessible to unqualified 
persons. 

445.15 Guards for Attendants. Where necessary for the 
safety of attendants, the requirements of 430.233 shall ap¬ 
ply. 

445.16 Bushings. Where field-installed wiring passes 
through an opening in an enclosure, a conduit box, or a 
barrier, a bushing shall be used to protect the conductors 
from the edges of an opening having sharp edges. The 
bushing shall hays smooth, well-rounded surfaces where it 
may be in contact with the conductors. If used where oils, 
grease, or oiler contaminants may be present, the bushing 
shall be^&ade of a material not deleteriously affected. 
[ROF^fB.3] 

Generator Terminal Housings. Generator termi- 
shall comply with 430.12. Where a horse- 
required to determine the required mini¬ 
generator terminal housing, the full-load 
generator shall be compared with comparable 
tors in Table 430.247 through Table 430.250. The higher 
jorsepower rating of Table 430.247 and Table 430.250 
11 be used whenever the generator selection is between 
b ratings. 

Exception: This section shall not apply to generators 
rated over 600 volts. [ROP 11-14] 

445.18 Disconnecting Means Required for Generators. 

Generators shall be equipped with a disconnect(s), lockable 
in the open position in accordance with 110.25, by means 
of which the generator and all protective devices and con¬ 
trol apparatus are able to be disconnected entirely from the 
circuits supplied by the generator except where both of the 
following conditions apply: [ROP 13-15, ROP 13-16] 

(1) The driving means for the generator can be readily shut 
down. 

(2) The generator is not arranged to operate in parallel with 
another generator or other source of voltage. 

[ROP 13-16a] 

445.20 Ground-Fault Circuit Interrupter Protection for 
Receptacles on 15 kW or Smaller, Portable Generators. 

All 125-volt, single-phase, 15- 20-, and 30-ampere recep¬ 
tacle outlets, that are a part of a 15 kW or smaller, portable 
generator, shall have ground-fault circuit interrupter protec¬ 
tion for personnel integral to the generator or receptacle. 

[ROP 13-19] 
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ARTICLE 450 

Transformers and Transformer Vaults 
(Including Secondary Ties) 


450.1 Scope. This article covers the installation of all 
transformers. 

Exception No. 1: Current transformers. 

Exception No. 2: Dry-type transformers that constitute a 
component part of other apparatus and comply with the 
requirements for such apparatus. 

Exception No. 3: Transformers that are an integral part of 
an X-ray, high-frequency, or electrostatic-coating 
apparatus. 

Exception No. 4: Transformers used with Class 2 and 
Class 3 circuits that comply with Article 725. 

Exception No. 5: Transformers for sign and outline light¬ 
ing that comply with Article 600. 

Exception No. 6: Transformers for electric-discharge 
lighting that comply with Article 410. 

Exception No. 7: Transformers used for power-Umiti 
alarm circuits that comply with Part III of Article 

Exception No. 8: Transformers used for research, 
opment, or testing, where effective arrangements are 
vided to safeguard persons from contacti\ 

This article covers the installation of transfqj 
cated to supplying power to a fire 
modified by Article 695 . 

This article also covers ansformers 

in hazardous (classified) Jii by Articles 

501 through 504. 

I. General Provisions 

450.2 Definition. For the purpose of this article, the fol¬ 
lowing definition shall apply. 

Transformer. An individual transformer, single- or 
polyphase, identified by a single nameplate, unless other¬ 
wise indicated in this article. 



(A) Transformers Over 1000 Volts, Nominal. Overcur¬ 
rent protection shall be provided in accordance with Table 
450.3(A). [ROP 9-135] 

(B) Transformers 1000 Volts, Nominal, or Less. Over¬ 
current protection shall be provided in accordance with 
Table 450.3(B). [ROP 9-135] 

Exception: Where the transformer is installed as a motor 
control circuit transformer in accordance with 
430.72(C)(1) through (C)(6). 

(C) Voltage (Potential) Transformers. Voltage (potential) 
transformers installed indoors or enclosed shall be pro¬ 
tected with primary fuses. [ROP 9-141] 

Informational Note: For protection of instrument circuits 
including voltage transformers, see 408.52. 




nsformers 1000 Volts, Nominal, or Less- 


450.4 

| ROP 9-13 

Overcurrent Protection. Each autotransformer 1000 
bits, nominal, or lew shall be protected by an individual 
iverc<Srent device installed in series with each ungrounded 
nwrconductor. Such overcurrent device shall be rated or 
settaifenot more than 125 percent of the rated full-load input 
current of the autotransformer. Where this calculation does 
espond to a standard rating of a fuse or nonadjust- 
ircuit breaker and the rated input current is 9 amperes 
or more, the next higher standard rating described in 240.6 
shall be permitted. An overcurrent device shall not be in¬ 
stalled in series with the shunt winding (the winding com¬ 
mon to both the input and the output circuits) of the au¬ 
totransformer between Points A and B as shown in Figure 
450.4. [ROP 9-135] 


Shunt winding(s) 


450.3 Overcurrent Protection. Overcurrent protection of 
transformers shall comply with 450.3(A), (B), or (C). As 
used in this section, the word transformer shall mean a 
transformer or polyphase bank of two or more single-phase 
transformers operating as a unit. 

Informational Note No. 1: See 240.4, 240.21, 240.100, 
and 240.101 for overcurrent protection of conductors. 

Informational Note No. 2: Nonlinear loads can increase 
heat in a transformer without operating its overcurrent pro¬ 
tective device. 


Figure 450.4 Autotransformer. 

Exception: Where the rated input current of the autotrans¬ 
former is less than 9 amperes, an overcurrent device rated 
or set at not more than 167 percent of the input current 
shall be permitted. 

(B) Transformer Field-Connected as an Autotrans¬ 
former. A transformer field-connected as an autotrans¬ 
former shall be identified for use at elevated voltage. 
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Table 450.3(A) Maximum Rating or Setting of Overcurrent Protection for Transformers 

Over 1000 Volts (as a Percentage of Transformer-Rated Current) [ROP 9-135] 





Secondary Protection (See Note 2.) 


Transformer 

Rated 

Impedance 

Volts 

Over 1000 Volts 

1000 Volts or Less 

Location 

Limitations 

Circuit Breaker 
(See Note 4.) 

Fuse Rating 

Circuit Breaker 
(See Note 4.) 

Fuse Rating 

Circuit Breaker 
or Fuse Rating 


Not more than 

6 % 

600% 

(See Note 1.) 

300% 

(See Note 1.) 

300% 

(See Note 1.) 

250% 

(See Note 1.) 

125% 

(See Note 1.) 

Any location 

More than 6% 
and not more 
than 10% 

400% 

(See Note 1.) 

300% 

(See Note 1.) 

250% 

(See Note 1.) 

225% 

(See Note 1.) 

125% 

(See Note 1.) 

Supervised 
locations 
only (See 
Note 3.) 

Any 

300% 

(See Note 1.) 

250% 

(See Note 1.) 

Not required 

^Not required 

Not required 

Not more than 

6 % 

600% 

300% 

300%^^ 

(See Note 50 ^ 

250% 

kSee Note 5.) 

250% 

(See Note 5.) 


More than 6% 
and not more 
than 10% 

400% 

300% 

250% 

^pNo^) 

225% 

(See Note 5.) 

250% 

(See Note 5.) 


Notes: 

1. Where the required fuse rating or circuit breaker setting does not o 
not exceed the following shall be permitted: [ROP 9-138] 

a. The next higher standard rating or setting for fuses and circuit brea] 

b. The next higher commercially available rating or setting for fuses 

2. Where secondary overcurrent protection is required, 
breakers or six sets of fuses grouped in one location, 
exceed the allowed value of a single overcurrent dev: 
ratings shall not exceed that allowed for fuses. 

3. A supervised location is a location where conditio] 
transformer installation. 

4. Electronically actuated fuses that 

5. A transformer equipped with a coi 
protection omitted. 


Informational Note: For information^ 
autotransformers, see 210.9 and 215.11^ 



d rating or setting, a higher rating or setting that does 

iw or [ROP 9-138, ROP 9-135] 
iove 1000 volts. [ROP 9-138, ROP 9-135] 

it device shall be permitted to consist of not more than six circuit 
devices are utilized, the total of all the device ratings shall not 
fuses are used as the overcurrent device, the total of the device 


pervision ensure that only qualified persons monitor and service the 


scific current shall be set in accordance with settings for circuit breakers. 

irotection by the manufacturer shall be permitted to have separate secondary 


uses of 


from a 3-phase, 3-wire ungrounded system shall conform to 
450.5(A)(1) through (A)(4). 


450.5 Grounding Autotransformers. Grounding au¬ 
totransformers covered in this section are zigzag or 
T-connected transformers connected to 3-phase, 3-wire un¬ 
grounded systems for the purpose of creating a 3-phase, 
4-wire distribution system or providing a neutral point for 
grounding purposes. Such transformers shall have a con¬ 
tinuous per-phase current rating and a continuous neutral 
current rating. Zig-zag connected transformers shall not be 
installed on the load side of any system grounding connec¬ 
tion, including those made in accordance with 250.24(B), 
250.30(A)(1), or 250.32(B) Exception. 

Informational Note: The phase current in a grounding au¬ 
totransformer is one-third the neutral current. 

(A) Three-Phase, 4-Wire System. A grounding autotrans¬ 
former used to create a 3-phase, 4-wire distribution system 


(1) Connections. The transformer shall be directly con¬ 
nected to the ungrounded phase conductors and shall not be 
switched or provided with overcurrent protection that is 
independent of the main switch and common-trip overcur¬ 
rent protection for the 3-phase, 4-wire system. 

(2) Overcurrent Protection. An overcurrent sensing de¬ 
vice shall be provided that will cause the main switch or 
common-trip overcurrent protection referred to in 
450.5(A)(1) to open if the load on the autotransformer 
reaches or exceeds 125 percent of its continuous current 
per-phase or neutral rating. Delayed tripping for temporary 
overcurrents sensed at the autotransformer overcurrent de¬ 
vice shall be permitted for the purpose of allowing proper 
operation of branch or feeder protective devices on the 
4-wire system. 
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450.6 


Table 450.3(B) Maximum Rating or Setting of Overcurrent Protection for Transformers 
1000 Volts and Less (as a Percentage of Transformer-Rated Current) [ROP 9-135] 



Primary Protection 


Secondary Protection (See Note 2.) 

Protection 

Method 

Currents of 9 Amperes 
or More 

Currents Less 
Than 9 Amperes 

Currents Less 

Than 2 Amperes 

Currents of 9 
Amperes or More 

Currents Less 
Than 9 Amperes 

Primary only 
protection 

125% (See Note 1.) 

167% 

300% 

Not required 

Not required 

Primary and 
secondary 
protection 

250% (See Note 3.) 

250% (See Note 3.) 

250% (See Note 3.) 

125% (See Note 1.) 

167% 


Notes: 

1. Where 125 percent of this current does not correspond to a standard rating of a fuse or nonadjustable circuit breaker, a higher rating that does 
not exceed the next higher standard rating shall be permitted. 

2. Where secondary overcurrent protection is required, the secondary overcurrent device shall be permitted to consist of not more than six circuit 
breakers or six sets of fuses grouped in one location. Where multiple overcurrent devices are utilized, the total of all the device ratings shall not 
exceed the allowed value of a single overcurrent device. 

3. A transformer equipped with coordinated thennal overload protection by the maaiifacturer aitel arranged to interrupt the primary current shall be 
permitted to have primary overcurrent protection rated or set at a current value that is not mof^fcan six times the rated current of the transformer 
for transformers having not more than 6 percent impedance and not more tifflCfour times the rated current of the transformer for transformers 
having more than 6 percent but not more than 10 percent impedance. 


(3) Transformer Fault Sensing. A fault-sensing system 
that causes the opening of a main switch or comr 
overcurrent device for the 3-phase, 4-wire system 
provided to guard against single-phasing or internal 

Informational Note: This can be accompli 
of two subtractive-connected donut-type 
ers installed to sense and signal whe: 
in the line current to the autotransfo 
more of rated current. 




ava.-awcontinuous 
.n thefniaximum 
the 4-wire sys- 


(4) Rating. The autotrans 
neutral-current rating tl 
possible neutral unbalani 
tern. [ROP 9-2] 


(B) Ground Reference for Fault Protection Devices. A 

grounding auto transformer used to make available a speci¬ 
fied magnitude of ground-fault current for operation of a 
ground-responsive protective device on a 3-phase, 3-wire 
ungrounded system shall conform to 450.5(B)(1) and 
(B)(2). 


) Ampere Rating. The overcurrent protection shall be 
set at a current not exceeding 125 percent of the 
ormer continuous per-phase current rating or 
cent of the continuous-current rating of any series- 
connected devices in the autotransformer neutral connec¬ 
tion. Delayed tripping for temporary overcurrents to permit 
the proper operation of ground-responsive tripping devices 
on the main system shall be permitted but shall not exceed 
values that would be more than the short-time current rat¬ 
ing of the grounding autotransformer or any series con¬ 
nected devices in the neutral connection thereto. 

Exception: For high-impedance grounded systems covered 
in 250.36, where the maximum ground-fault current is de¬ 
signed to be not more than 10 amperes, and where the 
grounding autotransformer and the grounding impedance 
are rated for continuous duty, an overcurrent device rated 
not more than 20 amperes that will simultaneously open all 
ungrounded conductors shall be permitted to be installed 
on the line side of the grounding autotransformer. 


(1) Rating. The autotransformer shall have a continuous 
neutral-current rating not less than the specified ground- 
fault current. [ROP 9-2] 

(2) Overcurrent Protection. Overcurrent protection shall 
comply with (a) and (b). 

(a) Operation and Interrupting Rating. An overcurrent 
protective device having an interrupting rating in compli¬ 
ance with 110.9 and that will open simultaneously all un¬ 
grounded conductors when it operates shall be applied in 
the grounding autotransformer branch circuit. 


(C) Ground Reference for Damping Transitory Over¬ 
voltages. A grounding autotransformer used to limit transi¬ 
tory overvoltages shall be of suitable rating and connected 
in accordance with 450.5(A)(1). 

450.6 Secondary Ties. As used in this article, a secondary 
tie is a circuit operating at 1000 volts, nominal, or less 
between phases that connects two power sources or power 
supply points, such as the secondaries of two transformers. 
The tie shall be permitted to consist of one or more con¬ 
ductors per phase or neutral. Conductors connecting the 
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secondaries of transformers in accordance with 450.7 shall 
not be considered secondary ties. [ROP 9-135] 

As used in this section, the word transformer means a 
transformer or a bank of transformers operating as a unit. 

(A) Tie Circuits. Tie circuits shall be provided with over¬ 
current protection at each end as required in Parts I, II, and 
VIII of Article 240. 

Under the conditions described in 450.6(A)(1) and 
450.6(A)(2), the overcurrent protection shall be permitted 
to be in accordance with 450.6(A)(3). 

(1) Loads at Transformer Supply Points Only. Where all 
loads are connected at the transformer supply points at each 
end of the tie and overcurrent protection is not provided in 
accordance with Parts I, II, and VIII of Article 240, the 
rated ampacity of the tie shall not be less than 67 percent of 
the rated secondary current of the highest rated transformer 
supplying the secondary tie system. 

(2) Loads Connected Between Transformer Supply 
Points. Where load is connected to the tie at any point 
between transformer supply points and overcurrent protec¬ 
tion is not provided in accordance with Parts I, II, and VIII 
of Article 240, the rated ampacity of the tie shall not be less 
than 100 percent of the rated secondary current of the high- 


(b) Not Interconnected. The loads shall be connected to 
one or more individual conductors of a paralleled conductor 
tie without interconnecting the conductors of each phase or 
neutral and without the protection specified in 450.6(A)(3) 
at load connection points. Where this is done, the tie con¬ 
ductors of each phase or neutral shall have a combined 
capacity ampacity of not less than 133 percent of the rated 
secondary current of the highest rated transformer supply¬ 
ing the secondary tie system, the total load of such taps 
shall not exceed the rated secondary current of the highest 
rated transformer, and the loads shall be equally divided on 
each phase and on the individual conductors of each phase 
as far as practicable. 

(5) Tie Circuit Control. Where the operating voltage ex¬ 
ceeds 150 volts to ground, secondary ties provided with 
limiters shall ha^^rswitch at each end that, when open, 
de-energizes the associated tie conductors and limiters. The 
current rating of the switch shall not be less than the rated 
current ampacity of the conductors connected to the switch. 
It shaUpjE capable of interrupting its rated current, and it 
shaJjiSe constructed so thatit will not open under the mag¬ 
netic forccs'resulting from short-circuit current. 


est rated transformer supplying the secondary tie system. 

Exception: Tie circuits comprised of multiple 
per phase shall he permitted to be sized and 
accordance with 450.6(A)(4). 


iW. 




(3) Tie Circuit Protection. Under the conditra 
in 450.6(A)(1) and (A)(2), both supply ends 6? 
grounded tie conductor shall be equipped with a prS 
device that opens at a predetermined temperature of tlW'tie 
conductor under short-circuit conditions. This protection 
shall consist of one of the following: (11a fusible link cable 
connector, terminal, or lug, commonly known as a limiter, 
each being of a size corresponding with that of the conduc¬ 
tor and of construction and characteristics according to the 
operating voltage and the type of insulation on the tie con¬ 
ductors or (2) automatic circuit breakers actuated by de¬ 
vices having comparable time-current characteristics. 

(4) Interconnection of Phase Conductors Between 
Transformer Supply Points. Where the tie consists of 
more than one conductor per phase or neutral, the conduc¬ 
tors of each phase or neutral shall comply with one of the 
following provisions. 


rent Protection for Secondary Connections. 

re secondary ties are used, an overcurrent device rated 
t at not irore than 250 percent of the rated secondary 
mt of the transformers shall be provided in the second- 
r y connections of each transformer supplying the tie sys- 
. In addition, an automatic circuit breaker actuated by a 
‘erse-current relay set to open the circuit at not more than 
e rated secondary current of the transformer shall be pro¬ 
vided in the secondary connection of each transformer. 

(C) Grounding. Where the secondary tie system is 
grounded, each transformer secondary supplying the tie 
system shall be grounded in accordance with the require¬ 
ments of 250.30 for separately derived systems. 

450.7 Parallel Operation. Transformers shall be permitted 
to be operated in parallel and switched as a unit, provided 
the overcurrent protection for each transformer meets the 
requirements of 450.3(A) for primary and secondary pro¬ 
tective devices over 1000 volts, or 450.3(B) for primary 
and secondary protective devices 1000 volts or less. [ROP 
9-135] 

450.8 Guarding. Transformers shall be guarded as speci¬ 
fied in 450.8(A) through (D). 


(a) Interconnected. The conductors shall be intercon¬ 
nected in order to establish a load supply point, and the 
protective device specified in 450.6(A)(3) shall be provided 
in each ungrounded tie conductor at this point on both sides 
of the interconnection. The means of interconnection shall 
have an ampacity not less than the load to be served. 


(A) Mechanical Protection. Appropriate provisions shall 
be made to minimize the possibility of damage to trans¬ 
formers from external causes where the transformers are 
exposed to physical damage. 

(B) Case or Enclosure. Dry-type transformers shall be 
provided with a noncombustible moisture-resistant case or 
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enclosure that provides protection against the accidental 
insertion of foreign objects. 

(C) Exposed Energized Parts. Switches or other equip¬ 
ment operating at 1000 volts, nominal, or less and serving 
only equipment within a transformer enclosure shall be per¬ 
mitted to be installed in the transformer enclosure if acces¬ 
sible to qualified persons only. All energized parts shall be 
guarded in accordance with 110.28 and 110.34. [ROP 
9-135] 

(D) Voltage Warning. The operating voltage of exposed 
live parts of transformer installations shall be indicated by 
signs or visible markings on the equipment or structures. 

450.9 Ventilation. The ventilation shall dispose of the 
transformer full-load heat losses without creating a tem¬ 
perature rise that is in excess of the transformer rating. 

[ROP 9-2] 

Informational Note No. 1: See ANSI/IEEE C57.12.00- 
1993, General Requirements for Liquid-Immersed Distribu¬ 
tion, Power, and Regulating Transformers, and ANSI/IEEE 
C57.12.01-1989, General Requirements for Dry-Type Dis¬ 
tribution and Power Transformers. 

Informational Note No. 2: Additional losses may occ 
some transformers where nonsinusoidal currents 
present, resulting in increased heat in the transformer ah 
its rating. See ANSI/IEEE C57.110-1993, Recommend i 
Practice for Establishing Transformer Capability Whei\ 
Supplying Nonsinusoidal Load Currents, where transform 
ers are utilized with nonlinear loads. / / 

Transformers with ventilating 
stalled so that the ventilating a 
walls or other obstructions, 
clearly marked on the tr; 

450.10 Grounding. 

(A) Dry-Type Transformer Enclosures. Where separate 
equipment grounding conductors and supply-side bonding 
jumpers are installed, a terminal bar for all grounding and 
bonding conductor connections shall be secured inside the 
transformer enclosure. The terminal bar shall be bonded to 
the enclosure in accordance with 250.12 and shall not be 
installed on or over any vented portion of the enclosure. 
[ROP 9-144] 

Exception: Where a dry-type transformer is equipped with 
wire-type connections (leads), the grounding and bonding 
connections shall be permitted to be connected together 
using any of the methods in 250.8 and shall be bonded to 
the enclosure, if of metal. [ROP 9-144] 

(B) Other Metal Parts. Where grounded, exposed non¬ 
current-carrying metal parts of transformer installations, in¬ 
cluding fences, guards, and so forth, shall be grounded and 
bonded under the conditions and in the manner specified 




he in- 
s are not blocked by 
clearances shall be 


for electrical equipment and other exposed metal parts in 
Parts V, VI, and VII of Article 250. [ROP 9-144] 

450.11 Marking. 

(A) General. Each transformer shall be provided with a 
nameplate giving the following information: 

(1) The name of the manufacturer 

(2) Rated kilovolt-amperes 

(3) Frequency 

(4) Primary and secondary voltage 

(5) The impedance of transformers 25 kVA and larger 

(6) Required clearances for transformers with ventilating 
openings 

(7) The amount and kind of insulating liquid where used 

(8) For dry-type transformers, the temperature class for the 
insulation system 




e Marking. A transformer shall be permitted to 
ied at the marked secondary voltage provided the 
lation is in accordance with the manufacturers’ in¬ 
structions. [ROP 9-145] 


Terminal Wiring Space. The minimum wire- 
ing space at fixed, 1000-volt and below terminals of 
transformer line and load connections shall be as required 
in 312.6. Wiring space for pigtail connections shall con¬ 
form to Table 314.16(B). [ROP 9-135] 

450.13 Accessibility. All transformers and transformer 
vaults shall be readily accessible to qualified personnel for 
inspection and maintenance or shall meet the requirements 
of 450.13(A) or 450.13(B). 

(A) Open Installations. Dry-type transformers 1000 volts, 
nominal, or less, located in the open on walls, columns, or 
structures, shall not be required to be readily accessible. 

[ROP 9-135] 

(B) Hollow Space Installations. Dry-type transformers 
1000 volts, nominal, or less and not exceeding 50 kVA shall 
be permitted in hollow spaces of buildings not permanently 
closed in by structure, provided they meet the ventilation 
requirements of 450.9 and separation from combustible ma¬ 
terials requirements of 450.21(A). Transformers so installed 
shall not be required to be readily accessible. [ROP 9-135] 

450.14 Disconnecting Means. Transformers, other than 
Class 2 or Class 3 transformers, shall have a disconnecting 
means located either in sight of the transformer or in a 
remote location. Where located in a remote location, the 
disconnecting means shall be lockable in accordance with 
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110.25, and its location shall be field marked on the trans¬ 
former. [ROP 9-146] 


II. Specific Provisions Applicable to Different Types of 
Transformers 

450.21 Dry-Type Transformers Installed Indoors. 

(A) Not over 1121/2 kVA. Dry-type transformers installed 
indoors and rated 1121/2 kVA or less shall have a separation 
of at least 300 mm (12 in.) from combustible material un¬ 
less separated from the combustible material by a fire- 
resistant, heat-insulated barrier. 

Exception: This rule shall not apply to transformers rated 
for 1000 volts, nominal, or less that are completely en¬ 
closed, with or without ventilating openings. [ROP 9-135] 

(B) Over WV/i kVA. Individual dry-type transformers of 
more than 1121/2 kVA rating shall be installed in a trans¬ 
former room of fire-resistant construction. Unless specified 
otherwise in this article, the term fire resistant means a 
construction having a minimum fire rating of 1 hour. 

Exception No. 1: Transformers with Class 155 or higher 
insulation systems and separated from combustible mate 
rial by a fire-resistant, heat-insulating barrier or by not less 
than 1.83 m (6 ft) horizontally and 3.7 m (12 ft) vertically. 

Exception No. 2: Transformers with Class 155 or higher 
insulation systems and completely enclosed except for ye. 
tilating openings. 

Informational Note: See ANSI/ASTM 
Method for Fire Tests of Building Gassfj 
rials. [ROP 9-150] 


(C) Over 35,000 Volts. Dry-? 
35,000 volts shall be installed ii? 
Part III of this article. 



^transformers rated over 
;ault complying with 


450.22 Dry-Type Transformers Installed Outdoors. 

Dry-type transformers installed outdoors shall have a 
weatherproof enclosure. 

Transformers exceeding 112 V 2 kVA shall not be located 
within 300 mm (12 in.) of combustible materials of build¬ 
ings unless the transformer has Class 155 insulation sys¬ 
tems or higher and is completely enclosed except for ven¬ 
tilating openings. 


(1) In Type I or Type II buildings, in areas where all of the 
following requirements are met: 

a. The transformer is rated 35,000 volts or less. 

b. No combustible materials are stored. 

c. A liquid confinement area is provided. 

d. The installation complies with all restrictions pro¬ 
vided for in the listing of the liquid. 

(2) With an automatic fire extinguishing system and a liq¬ 
uid confinement area, provided the transformer is rated 
35,000 volts or less 

(3) In accordance with 450.26 

(B) Outdoor Installations. Less-flammable liquid-filled 
transformers shall be permitted to be installed outdoors, 


attached to, adjacent 
installed in accori 
(1) For Type 
comply 
of thg'Jiquid. 


national Note: Installations adjacent to combustible 
Serial, futffescapes, or door and window openings may 
r (Hire additional safeguards such as those listed in 450.27. 

rdance with 450.27. 





or on the roof of buildings, where 
with (1) or (2): 

II buildings, the installation shall 
frictions provided for in the listing 


Note No. 1: As used in this section, Type I 
■ Ifmtildings refers to Type I and Type II building 
as defined in NFPA 220-2009, Standard on 
Types of Building Construction. Combustible materials re¬ 
fers to those materials not classified as noncombustible or 
limited-combustible as defined in NFPA 220-2009. 

Informational Note No. 2: See definition of Listed in Ar¬ 
ticle 100. 

450.24 Nonflammable Fluid-Insulated Transformers. 

Transformers insulated with a dielectric fluid identified as 
nonflammable shall be permitted to be installed indoors or 
outdoors. Such transformers installed indoors and rated 
over 35,000 volts shall be installed in a vault. Such trans¬ 
formers installed indoors shall be furnished with a liquid 
confinement area and a pressure-relief vent. The transform¬ 
ers shall be furnished with a means for absorbing any gases 
generated by arcing inside the tank, or the pressure-relief 
vent shall be connected to a chimney or flue that will carry 
such gases to an environmentally safe area. 

Informational Note: Safety may be increased if fire hazard 
analyses are performed for such transformer installations. 


450.23 Less-Flammable Liquid-Insulated Transform¬ 
ers. Transformers insulated with listed less-flammable liq¬ 
uids that have a fire point of not less than 300°C shall be 
permitted to be installed in accordance with 450.23(A) or 
450.23(B). 

(A) Indoor Installations. Indoor installations shall be per¬ 
mitted in accordance with one of the following: 


For the purposes of this section, a nonflammable dielec¬ 
tric fluid is one that does not have a flash point or fire point 
and is not flammable in air. 

450.25 Askarel-Insulated Transformers Installed In¬ 
doors. Askarel-insulated transformers installed indoors and 
rated over 25 kVA shall be furnished with a pressure-relief 
vent. Where installed in a poorly ventilated place, they 
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shall be furnished with a means for absorbing any gases 
generated by arcing inside the case, or the pressure-relief 
vent shall be connected to a chimney or flue that carries 
such gases outside the building. Askarel-insulated trans¬ 
formers rated over 35,000 volts shall be installed in a vault. 

450.26 Oil-Insulated Transformers Installed Indoors. 

Oil-insulated transformers installed indoors shall be in¬ 
stalled in a vault constructed as specified in Part III of this 
article. 

Exception No. 1: Where the total capacity does not exceed 
112V2 kVA, the vault specified in Part III of this article shall 
be permitted to be constructed of reinforced concrete that is 
not less than 100 mm (4 in.) thick. 


450.27 Oil-Insulated Transformers Installed Outdoors. 

Combustible material, combustible buildings, and parts of 
buildings, fire escapes, and door and window openings 
shall be safeguarded from fires originating in oil-insulated 
transformers installed on roofs, attached to or adjacent to a 
building or combustible material. 

In cases where the transformer installation presents a 
fire hazard, one or more of the following safeguards shall 
be applied according to the degree of hazard involved: 

(1) Space separations 

(2) Fire-resistant barriers 

(3) Automatic fire suppression systems 

(4) Enclosures that confine the oil of a ruptured trans¬ 
former tank 


Exception No. 2: Where the nominal voltage does not 
exceed 1000, a vault shall not be required if suitable ar¬ 
rangements are made to prevent a transformer oil fire from 
igniting other materials and the total capacity in one loca¬ 
tion does not exceed 10 kVA in a section of the building 
classified as combustible or 75 kVA where the surrounding 
structure is classified as fire-resistant construction. [ROP 
9-135] 

Exception No. 3: Electric furnace transformers th 
a total rating not exceeding 75 kVA shall be permittei 
installed without a vault in a building or room Oj 
resistant construction, provided suitable arrangements 
made to prevent a transformer oil fire'jj^tfnsp reading 
other combustible material. 

Exception No. 4: A transformer that 
exceeding 75 kVA and a supply voltage of1000 volts or less 
that is an integral part of charged-particlAvce 1 erating 
equipment shall be permitted to be installed without a vault 
in a building or room of noncombustible or fire-resistant 





construction, provided suitable arrangements are made to 
prevent a transformer oil fire from spreading to other com¬ 
bustible material. [ROP 9-135] 

Exception No. 5: Transformers shall be permitted to be 
installed in a detached building that does not comply with 
Part III of this article if neither the building nor its contents 
present afire hazard to any other building or property, and 
if the building is used only in supplying electric service and 
the interior is accessible only to qualified persons. 

Exception No. 6: Oil-insulated transformers shall be per¬ 
mitted to be used without a vault in portable and mobile 
surface mining equipment (such as electric excavators) if 
each of the following conditions is met: 

(a) Provision is made for draining leaking fluid to the 
ground. 

(b) Safe egress is provided for personnel. 

(c) A minimum 6-mm (V4-in.) steel barrier is provided 
for personnel protection. 


Oil enclosures shall be permitted to consist of fire- 
resistant d|ps, curbed areas or basins, or trenches filled 
with coarse, cqushed stone. Oil enclosures shall be provided 
with tffipped drains where the exposure and the quantity of 
volved are such that removal of oil is important. 

tional Note (▼For additional information on trans- 
installed on poles or structures or under ground, 
ANSI C2-2007, National Electrical Safety Code. 

450.28 Modification of Transformers. When modifica- 
ons are made to a transformer in an existing installation 
ange the type of the transformer with respect to Part 
this article, such transformer shall be marked to show 
the type of insulating liquid installed, and the modified 
transformer installation shall comply with the applicable 
requirements for that type of transformer. 

III. Transformer Vaults 

450.41 Location. Vaults shall be located where they can be 
ventilated to the outside air without using flues or ducts 
wherever such an arrangement is practicable. 

450.42 Walls, Roofs, and Floors. The walls and roofs of 
vaults shall be constructed of materials that have approved 
structural strength for the conditions with a minimum fire 
resistance of 3 hours. The floors of vaults in contact with 
the earth shall be of concrete that is not less than 100 mm 
(4 in.) thick, but, where the vault is constructed with a 
vacant space or other stories below it, the floor shall have 
approved structural strength for the load imposed thereon 
and a minimum fire resistance of 3 hours. For the purposes 
of this section, studs and wallboard construction shall not 
be permitted. [ROP 9-2, ROP 9-151] 

Exception: Where transformers are protected with auto¬ 
matic sprinkler, water spray, carbon dioxide, or halon, con¬ 
struction of 1 -hour rating shall be permitted. 

Informational Note No. 1: For additional information, see 
ANSI/ASTM E119-2011a, Method for Fire Tests of Build¬ 
ing Construction and Materials. [ROP 9-152] 
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Informational Note No. 2: A typical 3-hour construction is 
150 mm (6 in.) thick reinforced concrete. 

450.43 Doorways. Vault doorways shall be protected in 
accordance with 450.43(A), (B), and (C). 

(A) Type of Door. Each doorway leading into a vault from 
the building interior shall be provided with a tight-fitting 
door that has a minimum fire rating of 3 hours. The author¬ 
ity having jurisdiction shall be permitted to require such a 
door for an exterior wall opening where conditions warrant. 


(E) Dampers. All ventilation openings to the indoors shall 
be provided with automatic closing fire dampers that oper¬ 
ate in response to a vault fire. Such dampers shall possess a 
standard fire rating of not less than IV 2 hours. 

Informational Note: See ANSI/UL 555-2011, Standard for 
Fire Dampers. [ROP 9-152] 

(F) Ducts. Ventilating ducts shall be constructed of fire- 
resistant material. 


Exception: Where transformers are protected with auto¬ 
matic sprinkler, water spray, carbon dioxide, or halon, con¬ 
struction of 1-hour rating shall be permitted. 

Informational Note: For additional information, see 
NFPA 80-2010, Standard for Fire Doors and Other Open¬ 
ing Protectives. 

(B) Sills. A door sill or curb that is of an approved height 
that will confine the oil from the largest transformer within 
the vault shall be provided, and in no case shall the height 
be less than 100 mm (4 in.). [ROP 9-2] 

(C) Locks. Doors shall be equipped with locks, and doors 
shall be kept locked, access being allowed only to qualified 
persons. Personnel doors shall swing out and be equipped 
with panic bars, pressure plates, or other devices that are 
normally latched but open under simple pressure. 

450.45 Ventilation Openings. Where reqi 
openings for ventilation shall be providec 
with 450.45(A) through (F). 

(A) Location. Ventilation openi 
as possible from doors, windows, 
tible material. 


al circula- 
y half of the 


(B) Arrangement. A vault ventilati 
tion of air shall be permitted to have 
total area of openings required for ventilation in one or 
more openings near the floor and the remainder in one or 
more openings in the roof or in the sidewalls near the roof, 
or all of the area required for ventilation shall be permitted 
in one or more openings in or near the roof. 

(C) Size. For a vault ventilated by natural circulation of air 
to an outdoor area, the combined net area of all ventilating 
openings, after deducting the area occupied by screens, 
gratings, or louvers, shall not be less than 1900 mm 2 
(3 in. 2 ) per kVA of transformer capacity in service, and in 
no case shall the net area be less than 0.1 m 2 (1 ft 2 ) for any 
capacity under 50 kVA. 


450.46 Drainage. Where practicable, vaults containing 
more than 100 kVA transformer capacity shall be provided 
with a drain or other means that will carry off any accumu¬ 
lation of oil or water in the vault unless local conditions 
make this impracticable. The floor shall be pitched to the 
drain where provk 


450.47 Water Pipes and Accessories. Any pipe or duct 
electrical installation shall not enter 
vault. Piping or other facili- 


coo 



system fqrtign to the 
or pass^mough a transfor 
ties provided for vault fire r protection, or for transformer 


lolirj^ shall'not be considered foreign to the electrical 


forage in Vaults. Materials shall not be stored in 
r vaults. 


ARTICLE 455 
Phase Converters 


I. General 

455.1 Scope. This article covers the installation and use of 
phase converters. 

455.2 Definitions. 

Manufactured Phase. The manufactured or derived phase 
originates at the phase converter and is not solidly con¬ 
nected to either of the single-phase input conductors. 

Phase Converter. An electrical device that converts single¬ 
phase power to 3-phase electric power. 

Informational Note: Phase converters have characteristics 
that modify the starting torque and locked-rotor current of 
motors served, and consideration is required in selecting a 
phase converter for a specific load. 


(D) Covering. Ventilation openings shall be covered with 
durable gratings, screens, or louvers, according to the treat¬ 
ment required in order to avoid unsafe conditions. 


Rotary-Phase Converter. A device that consists of a rotary 
transformer and capacitor panel(s) that permits the opera¬ 
tion of 3-phase loads from a single-phase supply. 
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455.8 


Static-Phase Converter. A device without rotating parts, 
sized for a given 3-phase load to permit operation from a 
single-phase supply. 

455.3 Other Articles. Phase converters shall comply with 
this article and with the applicable provisions of other ar¬ 
ticles of this Code. 


455.7 Overcurrent Protection. The single-phase supply 
conductors and phase converter shall be protected from 
overcurrent by 455.7(A) or (B). Where the required fuse or 
nonadjustable circuit breaker rating or settings of adjustable 
circuit breakers do not correspond to a standard rating or 
setting, a higher rating or setting that does not exceed the 
next higher standard rating shall be permitted. 


455.4 Marking. Each phase converter shall be provided 
with a permanent nameplate indicating the following: 

(1) Manufacturer’s name 

(2) Rated input and output voltages 

(3) Frequency 

(4) Rated single-phase input full-load amperes 

(5) Rated minimum and maximum single load in kilovolt¬ 
amperes (kVA) or horsepower 

(6) Maximum total load in kilovolt-amperes (kVA) or 
horsepower 

(7) For a rotary-phase converter, 3-phase amperes at full 
load 

455.5 Equipment Grounding Connection. A means for 
attachment of an equipment grounding conductor ter^iina¬ 
tion in accordance with 250.8 shall be provided. 

455.6 Conductors. 

(A) Ampacity. The ampacity of the s: 
conductors shall be determined by 45 

Informational Note: Single-phase coni 
vent a voltage drop not exceeding>3.-gercenl 
of supply to the phase converter may help 
starting and operation ofj^For loads. 

(1) Variable Loads. Where the loads ®be supplied are 
variable, the conductor ampacity shall riot be less than 
125 percent of the phase converter nameplate single-phase 
input full-load amperes. 

(2) Fixed Loads. Where the phase converter supplies spe¬ 
cific fixed loads, and the conductor ampacity is less than 
125 percent of the phase converter nameplate single-phase 
input full-load amperes, the conductors shall have an am¬ 
pacity not less than 250 percent of the sum of the full-load, 
3-phase current rating of the motors and other loads served 
where the input and output voltages of the phase converter 
are identical. Where the input and output voltages of the 
phase converter are different, the current as determined by 
this section shall be multiplied by the ratio of output to 
input voltage. 

(B) Manufactured Phase Marking. The manufactured 
phase conductors shall be identified in all accessible loca¬ 
tions with a distinctive marking. The marking shall be con¬ 
sistent throughout the system and premises. 




(A) Variable Loads. Where the loads to be supplied are 
variable, overcurrent protection shall be set at not more 
than 125 percent of the phase converter nameplate single¬ 
phase input full-load amperes. 

(B) Fixed Loads. Where the phase converter supplies spe¬ 
cific fixed loads and the conductors are sized in accordance 
with 455.6(Ali£), the conductors shall be protected in ac¬ 
cordance with their ampacity. The overcurrent protection 
determined from this section shall not exceed 125 percent 
of the phase converter nameplate single-phase input am- 
PZJL 

connecting^Means. Means shall be provided to 
ct simultaneously all ungrounded single-phase 
conductors to the phase converter. 

(A) Location. The disconnecting means shall be readily 
sstble and located in sight from the phase converter. 

(B) Type. The disconnecting means shall be a switch rated 
in horsepower, a circuit breaker, or a molded-case switch. 
Where only nonmotor loads are served, an ampere-rated 
switch shall be permitted. 

(C) Rating. The ampere rating of the disconnecting means 
shall not be less than 115 percent of the rated maximum 
single-phase input full-load amperes or, for specific fixed 
loads, shall be permitted to be selected from 455.8(C)(1) or 

(C)(2). 

(1) Current Rated Disconnect. The disconnecting means 
shall be a circuit breaker or molded-case switch with an 
ampere rating not less than 250 percent of the sum of the 
following: 

(1) Full-load, 3-phase current ratings of the motors 

(2) Other loads served 

(2) Horsepower Rated Disconnect. The disconnecting 
means shall be a switch with a horsepower rating. The 
equivalent locked rotor current of the horsepower rating of 
the switch shall not be less than 200 percent of the sum of 
the following: 

(1) Nonmotor loads 

(2) The 3-phase, locked-rotor current of the largest motor 
as determined from Table 430.251(B) 

(3) The full-load current of all other 3-phase motors oper¬ 
ating at the same time 
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(D) Voltage Ratios. The calculations in 455.8(C) shall ap¬ 
ply directly where the input and output voltages of the 
phase converter are identical. Where the input and output 
voltages of the phase converter are different, the current 
shall be multiplied by the ratio of the output to input volt¬ 
age. 


ments of such apparatus are excluded from these require¬ 
ments. 

This article also covers the installation of capacitors in 
hazardous (classified) locations as modified by Articles 501 
through 503. 

460.2 Enclosing and Guarding. 


455.9 Connection of Single-Phase Loads. Where single¬ 
phase loads are connected on the load side of a phase con¬ 
verter, they shall not be connected to the manufactured 
phase. 

455.10 Terminal Housings. A terminal housing in accor¬ 
dance with the provisions of 430.12 shall be provided on a 
phase converter. 

II. Specific Provisions Applicable to Different Types of 
Phase Converters 

455.20 Disconnecting Means. The single-phase discon¬ 
necting means for the input of a static phase converter shall 
be permitted to serve as the disconnecting means for the 
phase converter and a single load if the load is within sight 
of the disconnecting means. 

455.21 Start-Up. Power to the utilization equipment shall 
not be supplied until the rotary-phase converter h-a&Ji een 
started. 

455.22 Power Interruption. Utilization equipment su 
plied by a rotary-phase converter shall be controlled in such 
a manner that power to the equipment will be disconnected 
in the event of a power interrupjfio 

Informational Note: Magneti^ttetor starters, magnetic 
contactors, and similar devices, wiHMianual or time delay 
restarting for the load, provide restarting .gffr power 
interruption. 

455.23 Capacitors. Capacitors that are not an integral part 
of the rotary-phase conversion system but are installed for a 
motor load shall be connected to the line side of that motor 
overload protective device. 



(A) Containing More Than 11 L (3 gal) of Flammable 

Liquid. Capacitors containing more than 11 L (3 gal) of 
flammable liquid shall be enclosed in vaults or outdoor 
fenced enclosures complying with Article 110, Part III. This 
limit shall apply to any single unit in an installation of 
capacitors. 

(B) Accidental Contact. Where capacitors are accessible 
to unauthorized andpmqualified persons, they shall be en¬ 
closed, located, or guarded so that persons cannot come 
into accidental contact or bring conducting materials into 
accidental^OTitact with exposed energized parts, terminals, 
or buses associated with them. However, no additional 
guarding is required for enclosures accessible only to au¬ 
thorized and qualified persons. 

Nominal, and Under 


.6 Discharge of Stored Energy. Capacitors shall be 
ovided with a means of discharging stored energy. 

Time of Discharge. The residual voltage of a capaci¬ 
tor shall be reduced to 50 volts, nominal, or less within 1 
minute after the capacitor is disconnected from the source 
of supply. 

(B) Means of Discharge. The discharge circuit shall be 
either permanently connected to the terminals of the capaci¬ 
tor or capacitor bank or provided with automatic means of 
connecting it to the terminals of the capacitor bank on re¬ 
moval of voltage from the line. Manual means of switching 
or connecting the discharge circuit shall not be used. 

460.8 Conductors. 


ARTICLE 460 
Capacitors 


(A) Ampacity. The ampacity of capacitor circuit conduc¬ 
tors shall not be less than 135 percent of the rated current of 
the capacitor. The ampacity of conductors that connect a 
capacitor to the terminals of a motor or to motor circuit 
conductors shall not be less than one-third the ampacity of 
the motor circuit conductors and in no case less than 
135 percent of the rated current of the capacitor. 


460.1 Scope. This article covers the installation of capaci¬ 
tors on electrical circuits. 

Surge capacitors or capacitors included as a component 
part of other apparatus and conforming with the require - 


(B) Overcurrent Protection. An overcurrent device shall 
be provided in each ungrounded conductor for each capaci¬ 
tor bank. The rating or setting of the overcurrent device 
shall be as low as practicable. 
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460.25 


Exception: A separate overcurrent device shall not be re¬ 
quired for a capacitor connected on the load side of a 
motor overload protective device. 


(2) Interrupting the maximum continuous load current of 
each capacitor, capacitor bank, or capacitor installation 
that will be switched as a unit 


(C) Disconnecting Means. A disconnecting means shall 
be provided in each ungrounded conductor for each capaci¬ 
tor bank and shall meet the following requirements: 

(1) The disconnecting means shall open all ungrounded 
conductors simultaneously. 

(2) The disconnecting means shall be permitted to discon¬ 
nect the capacitor from the line as a regular operating 
procedure. 

(3) The rating of the disconnecting means shall not be less 
than 135 percent of the rated current of the capacitor. 


(3) Withstanding the maximum inrush current, including 
contributions from adjacent capacitor installations 

(4) Carrying currents due to faults on capacitor side of 
switch 

(B) Isolation. 

(1) General. A means shall be installed to isolate from all 
sources of voltage each capacitor, capacitor bank, or ca¬ 
pacitor installation that will be removed from service as a 
unit. The isolating means shall provide a visible gap in the 
electrical circuit adequate for the operating voltage. 


Exception: A separate disconnecting means shall not be 
required where a capacitor is connected on the load side of 
a motor controller. 

460.9 Rating or Setting of Motor Overload Device. 

Where a motor installation includes a capacitor connected 
on the load side of the motor overload device, the rating or 
setting of the motor overload device shall be based on the 
improved power factor of the motor circuit. 

The effect of the capacitor shall be disregarded 
termining the motor circuit conductor rating in accord] 
with 430.22. 

460.10 Grounding. Capacitor cases ^ 
the equipment grounding conductor.' 

Exception: Capacitor cases shallot IJMcof n ed to the 
equipment grounding conductor where the cap itor units 
are supported on a structure designed to oper at other 
than ground potential. 



460.12 Marking. Each capacitor shalkik: provided with a 
nameplate giving the name of the manufacturer, rated volt¬ 
age, frequency, kilovar or amperes, number of phases, and, 
if filled with a combustible liquid, the volume of liquid. 
Where filled with a nonflammable liquid, the nameplate 
shall so state. The nameplate shall also indicate whether a 
capacitor has a discharge device inside the case. 



r Disconnecting Switches with No Inter- 


g. Isolating or disconnecting switches (with 



(2) Isolatij 
rupting 

no interrupting rating) shall be interlocked with the load¬ 
interrupting device or shall be provided with prominently 
played caution signs in accordance with 490.22 to pre¬ 
vent switching load oirrent. 

dditional Requirements for Series Capacitors. The 

proper switching sequence shall be ensured by use of one 
of the following: 

chanically sequenced isolating and bypass switches 

(2) Interlocks 

(3) Switching procedure prominently displayed at the 
switching location 

460.25 Overcurrent Protection. 

(A) Provided to Detect and Interrupt Fault Current. A 

means shall be provided to detect and interrupt fault current 
likely to cause dangerous pressure within an individual ca¬ 
pacitor. 

(B) Single Pole or Multipole Devices. Single-pole or mul¬ 
tipole devices shall be permitted for this purpose. 

(C) Protected Individually or in Groups. Capacitors 
shall be permitted to be protected individually or in groups. 


II. Over 1000 Volts, Nominal 
[ROP 11-94] 

460.24 Switching. 

(A) Load Current. Group-operated switches shall be used 
for capacitor switching and shall be capable of the follow¬ 
ing: 

(1) Carrying continuously not less than 135 percent of the 
rated current of the capacitor installation 


(D) Protective Devices Rated or Adjusted. Protective de¬ 
vices for capacitors or capacitor equipment shall be rated or 
adjusted to operate within the limits of the safe zone for 
individual capacitors. If the protective devices are rated or 
adjusted to operate within the limits for Zone 1 or Zone 2, 
the capacitors shall be enclosed or isolated. 

In no event shall the rating or adjustment of the protec¬ 
tive devices exceed the maximum limit of Zone 2. 

Informational Note: For definitions of Safe Zone, Zone 1, 
and Zone 2, see ANSI/IEEE 18-1992, Shunt Power 
Capacitors. 
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460.26 Identification. Each capacitor shall be provided 
with a permanent nameplate giving the manufacturer’s 
name, rated voltage, frequency, kilovar or amperes, number 
of phases, and the volume of liquid identified as flammable, 
if such is the case. 

460.27 Grounding. Capacitor cases shall be connected to 
the equipment grounding conductor. If the capacitor neutral 
point is connected to a grounding electrode conductor, the 
connection shall be made in accordance with Part III of 
Article 250. 

Exception: Capacitor cases shall not be connected to the 
equipment grounding conductor where the capacitor units 
are supported on a structure designed to operate at other 
than ground potential. 

460.28 Means for Discharge. 

(A) Means to Reduce the Residual Voltage. A means 
shall be provided to reduce the residual voltage of a capaci¬ 
tor to 50 volts or less within 5 minutes after the capacitor is 
disconnected from the source of supply. 

(B) Connection to Terminals. A discharge circuit shall be 
either permanently connected to the terminals of the capaci¬ 
tor or provided with automatic means of connecting it tol 
the terminals of the capacitor bank after disconnection of 
the capacitor from the source of supply. The windings of 
motors, transformers, or other equipment directly con¬ 
nected to capacitors without a switch or overcurrent device 
interposed shall meet the requirements of 460.28(A).., 



[ROP 11-96] 

470.1 Scope. This article covers the installation of separate 
resistors and reactors on electrical circuits. 


Exception: Resistors and reactors that are component 
parts of other apparatus. 

This article also covers the installation of resistors and 
reactors in hazardous (classified) locations as modified by 
Articles 501 through 504. 

470.2 Location. Resistors and reactors shall not be placed 
where exposed to physical damage. 

470.3 Space Separation. A thermal barrier shall be re¬ 
quired if the space between the resistors and reactors and 
any combustible material is less than 305 mm (12 in.). 


470.4 Conductor Insulation. Insulated conductors used 
for connections between resistance elements and controllers 
shall be suitable for an operating temperature of not less 
than 90°C (194°F). 

Exception: Other conductor insulations shall be permitted 
for motor starting service. 

II. Over 1000 Volts, Nominal 
[ROP 11-98] 

470.18 General. 

(A) Protected Against Physical Damage. Resistors and 
reactors shall be protected against physical damage. 

(B) Isolated by Enclosure or Elevation. Resistors and re¬ 
actors shall be isolated by enclosure or elevation to protect 
personnel fropi accidental contact with energized parts. 

(C) Combustible Materials. Resistors and reactors shall 
not be installed in close'enough proximity to combustible 
nutj^pus to constitute a firlrhazard and shall have a clear¬ 
ance of not less than 305 mm (12 in.) from combustible 
materials. 

(D) Clearances. Clearances from resistors and reactors to 
grounded surffices shall be adequate for the voltage in- 

[ROP ll-29b] 

(E) Temperature Rise from Induced Circulating Cur- 
rcnts. Metallic enclosures of reactors and adjacent metal 
parts shall be installed so that the temperature rise from 
induced circulating currents is not hazardous to personnel 
or does not constitute a fire hazard. 

470.19 Grounding. Resistor and reactor cases or enclo¬ 
sures shall be connected to the equipment grounding con¬ 
ductor. 

Exception: Resistor or reactor cases or enclosures sup¬ 
ported on a structure designed to operate at other than 
ground potential shall not be connected to the equipment 
grounding conductor. 

470.20 Oil-Filled Reactors. Installation of oil-filled reac¬ 
tors, in addition to the above requirements, shall comply 
with applicable requirements of Article 450. 


ARTICLE 480 
Storage Batteries 


480.1 Scope. The provisions of this article shall apply to 
all stationary installations of storage batteries. 
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480.5 


Informational Note: The following standards are fre¬ 
quently referenced for the installation of stationary batter¬ 
ies: 

(1) IEEE 484, Recommended Practice for Installation De¬ 
sign and Installation of Vented Lead-Acid Batteries for 
Stationary Applications, 2008 

(2) IEEE 485, Recommended Practice for Sizing Vented 
Lead-Acid Storage Batteries for Stationary Applica¬ 
tions, 1997 

(3) IEEE 1145, Recommended Practice for Installation 
and Maintenance of Nickel-Cadmium Batteries for 
Photovoltaic (PV) Systems, 2007 

(4) IEEE 1187, Recommended Practice for Installation 
Design, and Installation of Valve-Regulated Lead-Acid 
Batteries for Stationary Applications, 2002 

(5) IEEE 1375, IEEE Guide for the Protection of Station¬ 
ary Battery Systems, 1996 (R2003) 

(6) IEEE 1578 - Recommended Practice for Stationary 
Battery Spill Containment and Management , 2007 

(7) IEEE 1635/ASHRAE 21 - Guide for the Ventilation 
and Thermal Management of Stationary Battery Instal¬ 
lations (TBD) 

[ROP 13-24] 

480.2 Definitions. 

[ROP 13-3] 

Cell. The basic electrochemical unit, characterized' 
anode and a cathode, used to receive, store, and 
electrical energy. [ROP 13-26] 

Container. A vessel that holds the plate; 
other elements of a single unit in a 

Informational Note: A container m; 
multi-cell and is sometimes referred to 
“jar.” 


[ROP 13-27] 

Electrolyte. The medium that provides 
mechanism between the positive iind n@ 
a cell. [ROP 13-28] 




e ion transport 
;ive electrodes of 


Intercell Connector. An electrically conductive bar or 
cable used to connect adjacent cells. [ROP 13-29] 

Intertier Connector. An electrical conductor used to con¬ 
nect two cells on different tiers of the same rack or different 


Sealed Cell or Battery. A cell or battery that has no pro¬ 
vision for the routine addition of water or electrolyte or for 
external measurement of electrolyte specific gravity and 
might contain pressure relief venting. 

Storage Battery. A battery comprised of one or more re¬ 
chargeable cells of the lead-acid, nickel-cadmium, or other 
rechargeable electrochemical types. 

Terminal. That part of a cell, container, or battery to which 
an external connection is made (commonly identified as 
post, pillar, pole, or terminal post). [ROP 13-32] 

480.3 Battery and Cell Terminations. [ROP 13-22] 

(A) Dissimilar Metals. Where mating dissimilar metals, 
antioxidant material suitable for the battery connection 
shall be us_ 

The battery manufacturer’s installa- 
manual can be used for guidance for 


tercell and Intertier Conductors and Connec- 

Ampacity of field-assembled intercell and intertier 
rs and conductors shall be of such cross-sectional 
the temperature rise under maximum load condi- 
and at maximum ambient temperature shall not ex¬ 
ceed the safe operating temperature of the conductor insu¬ 
lation or of the material of the conductor supports. 

Informational Note: Conductors sized to prevent a voltage 
drop exceeding 3% of maximum anticipated load, and 
where the maximum total voltage drop to the furthest point 
of connection does not exceed 5% may not be appropriate 
for all battery applications. IEEE 1375-2003, Guide for the 
Protection of Stationary Battery Systems provides guidance 
for overcurrent protection and associated cable sizing. 

[ROP 13-22] 

(C) Battery Terminals. Electrical connections to the bat¬ 
tery, and cable(s) between cells on separate levels or racks, 
shall not put mechanical strain the battery terminals. Ter¬ 
minal plates shall be used where practicable. [ROP 13-22] 


shelves of the same rack. [ROP 13-30] 

Nominal Voltage (Battery or Cell). The value assigned to 
a cell or battery of a given voltage class for the purpose of 
convenient designation. The operating voltage of the cell or 
battery may vary above or below this value. [ROP 13-31] 


480.4 Wiring and Equipment Supplied from Batteries. 

Wiring and equipment supplied from storage batteries shall 
be subject to the applicable provisions of this Code apply¬ 
ing to wiring and equipment operating at the same voltage, 
unless otherwise permitted by 480.5. 


Informational Note: The most common nominal cell volt¬ 
ages are 2 volts per cell for the lead-acid systems, 1.2 volts 
per cell for alkali systems, and 3.6 - 3.8 volts per cell for 
Li-ion systems. Nominal voltages might vary with different 
chemistries. [ROP 13-25] 


480.5 Overcurrent Protection for Prime Movers. Over¬ 
current protection shall not be required for conductors from 
a battery with a nominal voltage of 50 volts or less if the 
battery provides power for starting, ignition, or control of 
prime movers. Section 300.3 shall not apply to these con¬ 
ductors. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-379 



480.6 


ARTICLE 480 — STORAGE BATTERIES 


480.6 Disconnecting Means. A disconnecting means shall 
be provided for all ungrounded conductors derived from a 
stationary battery system with a nominal voltage over 50 
volts. A disconnecting means shall be readily accessible 
and located within sight of the battery system. [ROP 
13-33] 

Informational Note: See 240.21(H) for information on the 

location of the overcurrent device for battery conductors. 

480.7 Insulation of Batteries Not Over 250 Volts. This 
section shall apply to storage batteries having cells con¬ 
nected so as to operate at a nominal battery voltage of not 
over 250 volts. 


(2) Other construction such as fiberglass or other suitable 
nonconductive materials 

(B) Trays. Trays are frames, such as crates or shallow 
boxes usually of wood or other nonconductive material, 
constructed or treated so as to be resistant to deteriorating 
action by the electrolyte. 

(C) Accessibility. The terminals of all cells or multi-cell 
units shall be readily accessible for readings, inspection, 
and cleaning where required by the equipment design. One 
side of transparent battery containers shall be readily acces¬ 
sible for inspection of the internal components. [ROP 
13-38] 


(A) Vented Lead-Acid Batteries. Cells and multi-cell bat¬ 
teries with covers sealed to containers of nonconductive, 
heat-resistant material shall not require additional insulat¬ 
ing support. 

(B) Vented Alkaline-Type Batteries. Cells with covers 
sealed to containers of nonconductive, heat-resistant mate¬ 
rial shall require no additional insulation support. Cells in 
containers of conductive material shall be installed in trays 
of nonconductive material with not more than 20 cells (24 
volts, nominal) in the series circuit in any one tray. [ROP 
13-27] 

(C) Rubber Containers. Cells in rubber or 
containers shall require no additional ins 
where the total nominal voltage of all cel 
not exceed 150 volts. Where the total voltage? 
volts, batteries shall be sectionalized into grotf 
volts or less, and each group shall have the individ 
installed in trays or on racks. [ROP 13-27] 

(D) Sealed Cells or Batteries. Sealed cells and multicom¬ 
partment sealed batteries constructed nonconductive, 
heat-resistant material shall not require additional insulat¬ 
ing support. Batteries constructed of a conducting container 
shall have insulating support if a voltage is present between 
the container and ground. 

[ROP 13-37] 



480.9 Battery Locations. Battery locations shall conform 
to 480.9(A), (B), and IC). 

(A) Ventilation. Provisions shall be made for sufficient 
diffusion andprcntilatkm of the gases from the battery to 
prevent ^^accumulation^of an explosive mixture. 

(B) Live Parts i. Guardin<ff|jji live parts shall comply with 
114 

(C) Spaces About Battery Systems. Spaces about battery 
.systems shall comply with 110.26. Working space shall be 

gd from the edge of the battery cabinet, racks, or 

13-42] 

or battery racks, there shall be a minimum clearance 
25 mm (1 in.) between a cell container and any wall or 
cture on the side not requiring access for maintenance, 
ttery stands shall be permitted to contact adjacent walls 
or structures, provided that the battery shelf has a free air 
space for not less than 90 percent of its length. [ROP 
13-42] 

(D) Top Terminal Batteries. Where top-terminal batteries 
are installed on tiered racks, working space in accordance 
with the battery manufacturer’s instructions shall be pro¬ 
vided between the highest point on a cell and the row or 
ceiling above it. 

Informational Note: Battery manufacturer’s installation in¬ 
structions typically define how much top working space is 
necessary for a particular battery model. 


480.8 Racks and Trays. Racks and trays shall comply 
with 480.8(A) and (B). 

(A) Racks. Racks, as required in this article, are rigid 
frames designed to support cells or trays. They shall be 
substantial and be made of one of the following: 

(1) Metal, treated so as to be resistant to deteriorating ac¬ 
tion by the electrolyte and provided with nonconduct¬ 
ing members directly supporting the cells or with con¬ 
tinuous insulating material other than paint on 
conducting members 


[ROP 13-44] 

(E) Egress. Personnel door(s) intended for entrance to and 
egress from rooms designated as battery rooms shall be 
equipped with door(s) that open in the direction of egress 
and shall be equipped with panic bars, pressure plates, or 
other devices that are normally latched but open under 
simple pressure. [ROP 13-45] 

480.10 Vents. 

(A) Vented Cells. Each vented cell shall be equipped with 
a flame arrester that is designed to prevent destruction of 
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the cell due to ignition of gases within the cell by an exter¬ 
nal spark or flame under normal operating conditions. 

(B) Sealed Cells. Sealed battery or cells shall be equipped 
with a pressure-release vent to prevent excessive accumu¬ 
lation of gas pressure, or the battery or cell shall be de¬ 
signed to prevent scatter of cell parts in event of a cell 
explosion. 


ARTICLE 490 

Equipment, Over 1000 Volts, Nominal 


(c) Oil circuit breakers shall be arranged or located so 
that adjacent readily combustible structures or materials are 
safeguarded in an approved manner. 

(2) Operating Characteristics. Circuit breakers shall have 
the following equipment or operating characteristics: 

(1) An accessible mechanical or other identified means for 
manual tripping, independent of control power 

(2) Be release free (trip free) 

(3) If capable of being opened or closed manually while 
energized, main contacts that operate independently of 
the speed of the manual operation 

(4) A mechanical position indicator at the circuit breaker to 
show the open or closed position of the main contacts 


[ROP 9-153] 


I. General 

490.1 Scope. This article covers the general requirements 
for equipment operating at more than 1000 volts, nominal. 

[ROP 9-153] 

Informational Note No. 1: See NFPA 70E-2009, Standard 
for Electrical Safety in the Workplace, for electrical sa 
requirements for employee workplaces. 

Informational Note No. 2: For further information on hal 
ard signs and labels, see ANSI Z535.4-1998 ,jt$§$£ict Sigiii 
and Safety Labels. 

490.2 Definition. 

High Voltage. For the nurnoses of this 
1000 volts, nominal. [ROP^ 

490.3 Oil-Filled Equipment. Installation of electrical 
equipment, other than transformers cover# in Article 450, 
containing more than 38 L (l®rctl) of flammable oil per 
unit shall meet the requirements^^ Parts II and III of Ar¬ 
ticle 450. 


(5) A means A 
the bra 
oper 


indicating the open and closed position of 
Tr at the point(s) from which they may be 



(3^^tTmeplaf^. 'A circuit breaker shall have a permanent 
legible namM&ate showing manufacturer’s name or 
hidemark, manufacturer’s type or identification number, 
ponti*ous current rating, interrupting rating in megavolt- 
res (MVA) or amperes, and maximum voltage rating, 
acation of a circuit breaker affecting its rating(s) shall 
be accompanied by an appropriate change of nameplate 
information. 

(4) Rating. Circuit breakers shall have the following rat¬ 
ings: 

(1) The continuous current rating of a circuit breaker shall 
not be less than the maximum continuous current 
through the circuit breaker. 

(2) The interrupting rating of a circuit breaker shall not be 
less than the maximum fault current the circuit breaker 
will be required to interrupt, including contributions 
from all connected sources of energy. 

(3) The closing rating of a circuit breaker shall not be less 
than the maximum asymmetrical fault current into 
which the circuit breaker can be closed. 


II. Equipment — Specific Provisions 
490.21 Circuit-Interrupting Devices. 

(A) Circuit Breakers. 

(1) Location. 

(a) Circuit breakers installed indoors shall be mounted 
either in metal-enclosed units or fire-resistant cell-mounted 
units, or they shall be permitted to be open-mounted in 
locations accessible to qualified persons only. 

(b) Circuit breakers used to control oil-filled trans¬ 
formers in a vault shall either be located outside the trans¬ 
former vault or be capable of operation from outside the 
vault. 


(4) The momentary rating of a circuit breaker shall not be 
less than the maximum asymmetrical fault current at 
the point of installation. 

(5) The rated maximum voltage of a circuit breaker shall 
not be less than the maximum circuit voltage. 

(B) Power Fuses and Fuseholders. 

(1) Use. Where fuses are used to protect conductors and 
equipment, a fuse shall be placed in each ungrounded con¬ 
ductor. Two power fuses shall be permitted to be used in 
parallel to protect the same load if both fuses have identical 
ratings and both fuses are installed in an identified common 
mounting with electrical connections that divide the current 
equally. Power fuses of the vented type shall not be used 
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indoors, underground, or in metal enclosures unless identi¬ 
fied for the use. 

(2) Interrupting Rating. The interrupting rating of power 
fuses shall not be less than the maximum fault current the 
fuse is required to interrupt, including contributions from 
all connected sources of energy. 

(3) Voltage Rating. The maximum voltage rating of power 
fuses shall not be less than the maximum circuit voltage. 
Fuses having a minimum recommended operating voltage 
shall not be applied below this voltage. 

(4) Identification of Fuse Mountings and Fuse Units. 

Fuse mountings and fuse units shall have permanent and 
legible nameplates showing the manufacturer’s type or des¬ 
ignation, continuous current rating, interrupting current rat¬ 
ing, and maximum voltage rating. 

(5) Fuses. Fuses that expel flame in opening the circuit 
shall be designed or arranged so that they function properly 
without hazard to persons or property. 

(6) Fuseholders. Fuseholders shall be designed or in¬ 
stalled so that they are de-energized while a fuse is being 
replaced. A field applied permanent and legible sign, in 
accordance with 110.21(B) shall be installed immediately' 
adjacent to the fuseholders worded: [ROP 9-157] 

DANGER - DISCONNECT CIRCUIT BEFORE RE 
PLACING FUSES. 

Exception: Fuses and fuseholders designed' Wpermit 
replacement by qualified persons using identified. e< 
ment without de-energizing the fuseh older shaft be pe r mit- 
ted. [ROP 9-158, ROP 9-152b] 

(7) High-Voltage Fuses. Switchgear and substationsThat 
utilize high-voltage fuses shall be provided with a gang- 
operated disconnecting switch. Isolation of the fiises from 
the circuit shall be provided by either connecting a switch 
between the source and the fuses or providing roll-out 
switch and fuse-type construction. The switch shall be of 
the load-interrupter type, unless mechanically or electri¬ 
cally interlocked with a load-interrupting device arranged 
to reduce the load to the interrupting capability of the 
switch. [ROP 9-152b] 



(1) Installation. Cutouts shall be located so that they may 
be readily and safely operated and re-fused, and so that the 
exhaust of the fuses does not endanger persons. Distribu¬ 
tion cutouts shall not be used indoors, underground, or in 
metal enclosures. 

(2) Operation. Where fused cutouts are not suitable to 
interrupt the circuit manually while carrying full load, an 
approved means shall be installed to interrupt the entire 
load. Unless the fused cutouts are interlocked with the 
switch to prevent opening of the cutouts under load, a con¬ 
spicuous sign shall be placed at such cutouts identifying 
that they shall not be operated under load. 

(3) Interrupting Rating. The interrupting rating of distri¬ 
bution cutouts shall not be less than the maximum fault 
current the cutout is required to interrupt, including contri¬ 
butions from all connected sources of energy. 

(4) Voltage Rating. The maximum voltage rating of cut¬ 
outs shaUf%ot be less than the maximum circuit voltage. 

on. Distribution cutouts shall have on their 
se tube a permanent and legible nameplate 
showing the manufacturer’s type or desig- 
puous current rating, maximum voltage rating, 
rating. 

ks. Fuse links shall have a permanent and 
Ihle identification showing continuous current rating and 


Structure Mounted Outdoors. The height of cutouts 
ounted outdoors on structures shall provide safe clearance 
between lowest energized parts (open or closed position) 
and standing surfaces, in accordance with 110.34(E). 

(D) Oil-Filled Cutouts. 

(1) Continuous Current Rating. The continuous current 
rating of oil-filled cutouts shall not be less than the maxi¬ 
mum continuous current through the cutout. 

(2) Interrupting Rating. The interrupting rating of oil- 
filled cutouts shall not be less than the maximum fault 
current the oil-filled cutout is required to interrupt, includ¬ 
ing contributions from all connected sources of energy. 


Exception: More than one switch shall be permitted as the 
disconnecting means for one set of fuses where the switches 
are installed to provide connection to more than one set of 
supply conductors. The switches shall be mechanically or 
electrically interlocked to permit access to the fuses only 
when all switches are open. A conspicuous sign shall be 
placed at the fuses identifying the presence of more than 
one source. 


(3) Voltage Rating. The maximum voltage rating of oil- 
filled cutouts shall not be less than the maximum circuit 
voltage. 

(4) Fault Closing Rating. Oil-filled cutouts shall have a 
fault closing rating not less than the maximum asymmetri¬ 
cal fault current that can occur at the cutout location, unless 
suitable interlocks or operating procedures preclude the 
possibility of closing into a fault. 


(C) Distribution Cutouts and Fuse Links — Expulsion (5) Identification. Oil-filled cutouts shall have a perma- 
Type. nent and legible nameplate showing the rated continuous 
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current, rated maximum voltage, and rated interrupting cur¬ 
rent. 

(6) Fuse Links. Fuse links shall have a permanent and 
legible identification showing the rated continuous current. 

(7) Location. Cutouts shall be located so that they are 
readily and safely accessible for re-fusing, with the top of 
the cutout not over 1.5 m (5 ft) above the floor or platform. 

(8) Enclosure. Suitable barriers or enclosures shall be pro¬ 
vided to prevent contact with nonshielded cables or ener¬ 
gized parts of oil-filled cutouts. 

(E) Load Interrupters. Load-interrupter switches shall be 
permitted if suitable fuses or circuit breakers are used in 
conjunction with these devices to interrupt fault currents. 
Where these devices are used in combination, they shall be 
coordinated electrically so that they will safely withstand 
the effects of closing, carrying, or interrupting all possible 
currents up to the assigned maximum short-circuit rating. 

Where more than one switch is installed with intercon¬ 
nected load terminals to provide for alternate connection to 
different supply conductors, each switch shall be provided 
with a conspicuous sign identifying this hazard. 

(1) Continuous Current Rating. The continuous 
rating of interrupter switches shall equal or excee 
maximum continuous current at the point of installatk 1 


(2) Voltage Rating. The maximum volt; 
rupter switches shall equal or exceed tht 
voltage. 


of inte 



(3) Identification. Interrupter swines snail nave a perma¬ 
nent and legible nameplate including the following infor¬ 
mation: manufacturer’s tv^or designation, continuous cur¬ 
rent rating, interrupting cajrent rating, fault closing rating, 
maximum voltage rating. 

(4) Switching of Conductors. The switching mechanism 
shall be arranged to be operated from a location where the 
operator is not exposed to energized parts and shall be 
arranged to open all ungrounded conductors of the circuit 
simultaneously with one operation. Switches shall be ar¬ 
ranged to be locked in the open position. Metal-enclosed 
switches shall be operable from outside the enclosure. 


490.22 Isolating Means. Means shall be provided to com¬ 
pletely isolate an item of equipment from all ungrounded 
conductors. The use of isolating switches shall not be re¬ 
quired where there are other ways of de-energizing the 
equipment for inspection and repairs, such as draw-out-type 
switchgear units and removable truck panels. [ROP 
9-152b] 

Isolating switches not interlocked with an approved 
circuit-interrupting device shall be provided with a sign 
warning against opening them under load. The warning 
sign(s) or label(s) shall comply with 110.21(B). [ROP 
9-164] 

An identified fuseholder and fuse shall be permitted as 
an isolating switch. [ROP 9-162] 

490.23 Voltage Regulators. Proper switching sequence for 
regulators shall be ensured by use of one of the following: 
(1) Mechanically sequenced regulator bypass switch(es) 
(Tu Mechanical interlocks 

^Switching procedure prominently displayed at the 
switching location 

tk I Minimum Space Separation. In field-fabricated 
ations, the minimum air separation between bare live 
fs and between such conductors and adjacent 
gded surfaces shall not be less than the values given in 
490.24. These values shall not apply to interior por¬ 
tions or exterior terminals of equipment designed, manufac¬ 
tured, and tested in accordance with accepted national stan¬ 
dards. 

490.25 Backfeed. Installations where the possibility of 
backfeed exists shall comply with (a) and (b). [ROP 9-165] 

(a) A permanent sign in accordance with 110.21(B) 
shall be installed on the disconnecting means enclosure or 
immediately adjacent to open disconnecting means with the 
following words or equivalent: “DANGER — CONTACTS 
ON EITHER SIDE OF THIS DEVICE MAY BE ENER¬ 
GIZED BY BACKFEED.” [ROP 9-165] 

(b) A permanent and legible single-line diagram of the 
local switching arrangement, clearly identifying each point 
of connection to the high-voltage section, shall be provided 
within sight of each point of connection. [ROP 9-165] 


(5) Stored Energy for Opening. The stored-energy opera¬ 
tor shall be permitted to be left in the uncharged position 
after the switch has been closed if a single movement of the 
operating handle charges the operator and opens the switch. 

(6) Supply Terminals. The supply terminals of fused in¬ 
terrupter switches shall be installed at the top of the switch 
enclosure, or, if the terminals are located elsewhere, the 
equipment shall have barriers installed so as to prevent 
persons from accidentally contacting energized parts or 
dropping tools or fuses into energized parts. 


III. Equipment — Switchgear and Industrial Control 
Assemblies 

[ROP 9-152b] 

490.30 General. This part covers assemblies of switchgear 
and industrial control equipment, including but not limited 
to switches, interrupting devices and their control, meter¬ 
ing, protection and regulating equipment, where an integral 
part of the assembly, with associated interconnections and 
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Table 490.24 Minimum Clearance of Live Parts 

Nominal 

Voltage 

Impulse Withstand, 
Basic Impulse Level 
B.I.L (kV) 



Minimum Clearance of Live Parts 




Phase-to-Phase 



Phase-to-Ground 


Indoors 

Outdoors 

Indoors 

Outdoors 

(kV) 

Indoors 

Outdoors 

mm 

in. 

mm 

in. 

mm 

in. 

mm 

in. 

2.4-4.16 

60 

95 

115 

4.5 

180 

7 

80 

3.0 

155 

6 

7.2 

75 

95 

140 

5.5 

180 

7 

105 

4.0 

155 

6 

13.8 

95 

110 

195 

7.5 

305 

12 

130 

5.0 

180 

7 

14.4 

110 

110 

230 

9.0 

305 

12 

170 

6.5 

180 

7 

23 

125 

150 

270 

10.5 

385 

15 

190 

7.5 

255 

10 

34.5 

150 

150 

320 

12.5 

385 

15 

245 

9.5 

255 

10 


200 

200 

460 

18.0 

460 

18 

335 

13.0 

335 

13 

46 

— 

200 

— 

— 

460 

18 

— 

— 

335 

13 


— 

250 

— 

— 

535 

21 

- 

► - 

435 

17 

69 

— 

250 

— 

— 

535 

21 


— 

435 

17 


— 

350 

— 

— 

790 

31 


— 

635 

25 

115 

— 

550 

— 

— 

1350 

53 


^ - 

1070 

42 

138 

— 

550 

— 

— 

1350 

53 ^ 

► ^ ^ 


1070 

42 


— 

650 

— 

— 

1605 

63 

— 


1270 

50 

161 

— 

650 

— 

— 

1605 


— 


1270 

50 


— 

750 

— 

— 

1830 

72 

— 

— 

1475 

58 

230 

— 

750 

— 

— 

1830 


— 

— 

1475 

58 


— 

900 

— 

— 

2265 

89 

— 

— 

1805 

71 


— 

1050 

— 

— 


105^ 

— 

— 

2110 

83 


Note: The values given are the minimum clearance for rigid parts and Bare cone 
for conductor movement or under unfavorable service conditions or wneiigvej 
withstand voltage for a particular system voltage is determined by the cr 



Ctors underravorable service conditions. They shall be increased 
ice limitations permit. The selection of the associated impulse 
r istics of the surge protective equipment. 


supporting structures. This part also incl 
assemblies that form a part of unit substatio: 
ters, or similar equipment. [ROP 9-1521), RO 

490.31 Arrangement of Devices in Assemblies. Arrange¬ 
ment of devices in assemblies sBall be such that individual 
components can safely perform their intended function 
without adversely affecting the safe operutioiidfother com¬ 
ponents in the assembly. 

490.32 Guarding of High-Voltage Energized Parts 
Within a Compartment. Where access for other than vi¬ 
sual inspection is required to a compartment that contains 
energized high-voltage parts, barriers shall be provided to 
prevent accidental contact by persons, tools, or other equip¬ 


.34 Clearance for Cable Conductors Entering En- 
osure. The unobstructed space opposite terminals or op¬ 
posite raceways or cables entering a switchgear or control 
assembly shall be approved for the type of conductor and 
method of termination. [ROP 9-2] 


490.35 Accessibility of Energized Parts. 

(A) High-Voltage Equipment. Doors that would provide 
unqualified persons access to high-voltage energized parts 
shall be locked. Permanent signs in accordance with 
110.21(B) shall be installed on panels or doors that give 
access to live parts over 1000 volts carrying the wording 
“DANGER — HIGH VOLTAGE — KEEP OUT.” [ROP 
9-171] 


ment with energized parts. Exposed live parts shall only be 
permitted in compartments accessible to qualified persons. 
Fuses and fuseholders designed to enable future replace¬ 
ment without de-energizing the fuseholder shall only be 
permitted for use by qualified persons. 


(B) Control Equipment. Where operating at 1000 volts, 
nominal, or less, control equipment, relays, motors, and the 
like shall not be installed in compartments with exposed 
high-voltage energized parts or high-voltage wiring, unless 
either of the following conditions is met: [ROP 9-153] 


490.33 Guarding of Energized Parts Operating at 1000 
Volts, Nominal, or Less Within Compartments. Ener¬ 
gized bare parts mounted on doors shall be guarded where 
the door must be opened for maintenance of equipment or 
removal of draw-out equipment. [ROP 9-153] 


(1) The access means is interlocked with the high-voltage 
switch or disconnecting means to prevent the access 
means from being opened or removed. 

(2) The high-voltage switch or disconnecting means is in 
the isolating position. 
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(C) High-Voltage Instruments or Control Transformers 
and Space Heaters. High-voltage instrument or control 
transformers and space heaters shall be permitted to be 
installed in the high-voltage compartment without access 
restrictions beyond those that apply to the high-voltage 
compartment generally. 

490.36 Grounding. Frames of switchgear and control as¬ 
semblies shall be connected to an equipment grounding 
conductor or, where permitted, the grounded conductor. 


490.42 Interlocks — Interrupter Switches. Interrupter 
switches equipped with stored energy mechanisms shall 
have mechanical interlocks to prevent access to the switch 
compartment unless the stored energy mechanism is in the 
discharged or blocked position. 

490.43 Stored Energy for Opening. The stored energy 
operator shall be permitted to be left in the uncharged po¬ 
sition after the switch has been closed if a single movement 
of the operating handle charges the operator and opens the 
switch. 


490.37 Grounding of Devices. The metal cases or frames, 
or both, such as instruments, relays, meters, and instrument 
and control transformers, located in or on switchgear or 
control assemblies, shall be connected to an equipment 
grounding conductor or, where permitted, the grounded 
conductor. [ROP 9-173] 

490.38 Door Stops and Cover Plates. External hinged 
doors or covers shall be provided with stops to hold them in 
the open position. Cover plates intended to be removed for 
inspection of energized parts or wiring shall be equipped 
with lifting handles and shall not exceed 1.1 m 2 (12 ft 2 ) in 
area or 27 kg (60 lb) in weight, unless they are hinga 
bolted or locked. 

490.39 Gas Discharge from Interrupting Devices. 

discharged during operating of interrupting devices shall 
directed so as not to endanger person] 

490.40 Visual Inspection Windows. Wimtsyvs inn 
for visual inspection of disconnecting switches or other de¬ 
vices shall be of suitable transparenW&teria 

490.41 Location of Industrial Control Equipment. Rou¬ 
tinely operated industrial control equipment shall meet the 
requirements of (A) unless infrequently operated, as cov¬ 
ered in 490.41(B). 

(A) Control and Instrument Transfer Switch Handles 
or Push Buttons. Control and instrument transfer switch 
handles or push buttons shall be in a readily accessible 
location at an elevation of not over 2.0 m (6 ft 7 in.). 



490.44 Fused Interrupter Switches. 

(A) Supply Terminals. The supply terminals of fused in¬ 
terrupter switches shall be installed at the top of the switch 
enclosure or, if the terminals are located elsewhere, the 
equipment shall have barriers installed so as to prevent 
persons from accidentally contacting energized parts or 
dropping tools or fuses into energized parts. 

) Backfeed. Where fuses can be energized by backfeed, 
a sign shall be placed on the enclosure door identifying this 


itching Mechanism. The switching mechanism 
hall be arranged to be operated from a location outside the 
ure where the operator is not exposed to energized 
parts and shall be arranged to open all ungrounded conduc¬ 
tors of the circuit simultaneously with one operation. 
Switches shall be locable in accordance with 110.25. [ROP 
9-175] 

490.45 Circuit Breakers — Interlocks. 

(A) Circuit Breakers. Circuit breakers equipped with 
stored energy mechanisms shall be designed to prevent the 
release of the stored energy unless the mechanism has been 
fully charged. 

(B) Mechanical Interlocks. Mechanical interlocks shall 
be provided in the housing to prevent the complete with¬ 
drawal of the circuit breaker from the housing when the 
stored energy mechanism is in the fully charged position, 
unless a suitable device is provided to block the closing 
function of the circuit breaker before complete withdrawal. 


Exception: Operating handles requiring more than 23 kg 
(50 lb) of force shall be located no higher than 1.7 m 
(66 in.) in either the open or closed position. 

(B) Infrequently Operated Devices. Where operating 
handles for such devices as draw-out fuses, fused potential 
or control transformers and their primary disconnects, and 
bus transfer and isolating switches are only operated infre¬ 
quently, the handles shall be permitted to be located where 
they are safely operable and serviceable from a portable 
platform. 


490.46 Circuit Breaker Locking. Circuit breakers shall be 
capable of being locked in the open position or, if they are 
installed in a drawout mechanism, that mechanism shall be 
capable of being locked in such a position that the mecha¬ 
nism cannot be moved into the connected position. In either 
case, the provision shall be lockable in accordance with 
110.25. [ROP 9-176] 

490.47 Switchgear Used as Service Equipment. Switch- 
gear installed as high-voltage service equipment shall in- 
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elude a ground bus for the connection of service cable 
shields and to facilitate the attachment of safety grounds for 
personnel protection. This bus shall be extended into the 
compartment where the service conductors are terminated. 
Where the compartment door or panel gives access to parts 
that can only be de-energized and visibly isolated by the 
serving utility, the warning sign required by 490.35(A) 
shall include notice that access is limited to the serving 
utility or following an authorization of the serving utility. 
[ROP 9-152b, ROP 9-178] 


— KEEP OUT" shall be placed in a conspicuous position 
in the following areas: [ROP 4-87, ROP 4-91] 

(a) At all entrances to electrical equipment vaults and 
electrical equipment rooms, areas, or enclosures 

(b) At points of access to conductors on all high- 
voltage conduit systems and cable systems 

(c) On all cable trays containing high-voltage conduc¬ 
tors with the maximum spacing of warning notices not to 
exceed 3 m (10 ft.) 


490.48 Substations. [ROP 4-86, ROP 4-89] 

(A) Documentation. Documentation of the engineered de¬ 
sign by a qualified licensed professional engineer engaged 
primarily in the design of substations shall be available 
upon request of the authority having jurisdiction and shall 
include consideration of the following: [ROP 4-86, ROP 
4-89] 

(1) General. 

(a) Types of enclosures 

(b) Rooms and spaces 

(c) Supporting and securing electric equipment 

(d) Exits 

(e) Fire-extinguishing equipment 

(2) Protective Grounding. 

(3) Guarding Live Parts. 

(4) Transformers and Regulators. 

(5) Conductors. 

(a) Application 

(b) Electrical protection 

(c) Mechanical protection a! 

(d) Isolation 

(e) Termination 

(6) Circuit Breakers, Switches, and Fuses. 

(a) Arrangement 

(b) Application 

(c) Devices containing oil 

(d) Switches and disconnecting devices 

(e) Disconnection of fuses 


(2) Isolating Equipment. Permanent legible signs shall be 
installed at isolating equipment warning against operation 
while carrying current, unless the equipment is interlocked 
so that it cannot be operated under load. 


(3) Fuse Locatioi; 

erected in a cons 
operators not J 


Suitable warning signs shall be 
ious place adjacent to fuses, warning 
ice fuses while the circuit is energized. 


(4) Bach 

possit 



I. The following steps shall be taken where the 
' of backfeed es 


group-operated isolating switch or discon- 
s shall bear a warning notice to the effect that 
o^either side of the device might be energized. 

A permanent, legible, single-line diagram of the 
itching arrangement, clearly identifying each 
flection to the high-voltage section, shall be 
'ovided in a conspicuous location within sight of each 
lint of connection. 

Switchgear. Where switchgear is installed, the follow¬ 
ing steps shall be taken: [ROP 4-93] 

(a) A permanent, legible, single-line diagram of the 
switchgear shall be provided in a readily visible location 
within sight of the switchgear, and this diagram shall 
clearly identify interlocks, isolation means, and all possible 
sources of voltage to the installation under normal or emer¬ 
gency conditions, including all equipment contained in 
each cubicle, and the marking on the switchgear shall 
cross-reference the diagram. 

Exception to (a): Where the equipment consists solely of a 
single cubicle or metal-enclosed unit substation containing 
only one set of high-voltage switching devices, diagrams 
shall not be required. 


(7) Switchgear Assemblies. 

(8) Metal-Enclosed Bus. 

(9) Surge Arresters. 

(B) Warning Signs. [ROP 4-86] 

(1) General. A permanent, legible warning notice comply¬ 
ing with 110.21(B) and including the wording “DANGER 
— HIGH VOLTAGE” followed by " — KEEP AWAY” or " 


(b) Permanent, legible signs complying with 
110.21(B) shall be installed on panels or doors that provide 
access to live parts over 1000 volts and shall carry the 
wording “DANGER — HIGH VOLTAGE” to warn of the 
danger of opening while energized. [ROP 4-94, ROP 
9-153] 

(c) Where the panel provides access to parts that can 
only be de-energized and visibly isolated by the serving 
utility, the warning shall include that access is limited to the 
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serving utility or following an authorization of the serving 
utility. 

(C) Diagram. A permanent, legible, single-line diagram of 
the switchgear shall be provided in a readily visible loca¬ 
tion within the same room or enclosed area with the switch- 
gear and this diagram shall clearly identify interlocks, iso¬ 
lation means, and all possible sources of voltage to the 
installation under normal or emergency conditions, and the 
marking on the switchgear shall cross-reference the dia¬ 
gram. [ROP 9-179] 

Exception: Where the equipment consists solely of a single 
cubicle or metal-enclosed unit substation containing only 
one set of high-voltage switching devices, diagrams are not 
required. [ROP 9-179] 

IY. Mobile and Portable Equipment 
490.51 General. 

(A) Covered. The provisions of this part shall apply to 
installations and use of high-voltage power distribution and 
utilization equipment that is portable, mobile, or both, such 
as substations and switch houses mounted on skids, trailers, 
or cars; mobile shovels; draglines; cranes; hoists; 
dredges; compressors; pumps; conveyors; undergrour 
cavators; and the like. 


ial 



(B) Other Requirements. The requirements of this p, 
shall be additional to, or amendatory of, those prescribed i 
Articles 100 through 725 of this C^|sfe. Spej 
shall be paid to Article 250. 



(C) Protection. Approved enclosures, guarding, or both, 
shall be provided to protect portable anWnobilelrquipment 
from physical damage. [ROP 9-2] 

(D) Disconnecting Means. Disconnecting means shall be 
installed for mobile and portable higli-voltage equipment 
according to the requirements of Part VIII of Article 230 
and shall disconnect all ungrounded conductors. 

490.52 Overcurrent Protection. Motors driving single or 
multiple dc generators supplying a system operating on a 
cyclic load basis do not require overload protection, pro¬ 
vided that the thermal rating of the ac drive motor cannot 
be exceeded under any operating condition. The branch- 
circuit protective device(s) shall provide short-circuit and 
locked-rotor protection and shall be permitted to be exter¬ 
nal to the equipment. 

490.53 Enclosures. All energized switching and control 
parts shall be enclosed in grounded metal cabinets or en¬ 
closures. These cabinets or enclosures shall be marked 
“DANGER — HIGH VOLTAGE — KEEP OUT” and shall 
be locked so that only authorized and qualified persons can 


enter. The danger marking(s) or labels shall comply with 
110.21(B). Circuit breakers and protective equipment shall 
have the operating means projecting through the metal 
cabinet or enclosure so these units can be reset without 
opening locked doors. With doors closed, reasonable safe 
access for normal operation of these units shall be pro¬ 
vided. [ROP 9-180] 

490.54 Collector Rings. The collector ring assemblies on 
revolving-type machines (shovels, draglines, etc.) shall be 
guarded to prevent accidental contact with energized parts 
by personnel on or off the machine. 

490.55 Power Cable Connections to Mobile Machines. 

A metallic enclosure shall be provided on the mobile ma¬ 
chine for enclosing the terminals of the power cable. The 
enclosure shallinclude terminal connections to the machine 
frame for the equipment grounding conductor. Ungrounded 
conductors snail be attached to insulators or be terminated 
proved high-voltage cable couplers (which include 
ipment groundntg conductor connectors) of proper volt- 
mpere rating. The method of cable termination 
prevent any strain or pull on the cable from 
the electrical connections. The enclosure shall 
ha^fcarovision for locking so that only authorized and 
persons may open it and shall be marked as fol- 
ws: 

ANGER — HIGH VOLTAGE — KEEP OUT. 

The danger marking(s) or labels shall comply with 

110.21(B). [ROP 9-181] 

490.56 High-Voltage Portable Cable for Main Power 
Supply. Flexible high-voltage cable supplying power to 
portable or mobile equipment shall comply with Article 250 
and Article 400, Part III. 

V. Electrode-Type Boilers 

490.70 General. The provisions of this part shall apply to 
boilers operating over 1000 volts, nominal, in which heat is 
generated by the passage of current between electrodes 
through the liquid being heated. [ROP 9-153] 

490.71 Electrical Supply System. Electrode-type boilers 
shall be supplied only from a 3-phase, 4-wire solidly 
grounded wye system, or from isolating transformers ar¬ 
ranged to provide such a system. Control circuit voltages 
shall not exceed 150 volts, shall be supplied from a 
grounded system, and shall have the controls in the un¬ 
grounded conductor. 

490.72 Branch-Circuit Requirements. 

(A) Rating. Each boiler shall be supplied from an indi¬ 
vidual branch circuit rated not less than 100 percent of the 
total load. 
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(B) Common-Trip Fault-Interrupting Device. The cir¬ 
cuit shall be protected by a 3-phase, common-trip fault¬ 
interrupting device, which shall be permitted to automati¬ 
cally reclose the circuit upon removal of an overload 
condition but shall not reclose after a fault condition. 

(C) Phase-Fault Protection. Phase-fault protection shall 
be provided in each phase, consisting of a separate phase- 
overcurrent relay connected to a separate current trans¬ 
former in the phase. 

(D) Ground Current Detection. Means shall be provided 
for detection of the sum of the neutral conductor and equip¬ 
ment grounding conductor currents and shall trip the 
circuit-interrupting device if the sum of those currents ex¬ 
ceeds the greater of 5 amperes or I'A percent of the boiler 
full-load current for 10 seconds or exceeds an instantaneous 
value of 25 percent of the boiler full-load current. 

(E) Grounded Neutral Conductor. The grounded neutral 
conductor shall be as follows: 

(1) Connected to the pressure vessel containing the elec¬ 
trodes 

(2) Insulated for not less than 1000 volts 



(3) Have not less than the ampacity of the largest un¬ 
grounded branch-circuit conductor 

(4) Installed with the ungrounded conductors in the same 
raceway, cable, or cable tray, or, where installed as 
open conductors, in close proximity to the ungrounded 
conductors 

(5) Not used for any other circuit 

490.73 Pressure and Temperature Limit Control. Each 
boiler shall be equipped with a means to limit the maxi¬ 
mum temperature, pressure, or both, by directly or indi¬ 
rectly interrupting all current flow through the electrodes. 
Such means shall be in addition to the temperature, pres¬ 
sure, or both, regulating systems and pressure relief or 
safety valves. 

490.74 Bonding. All exposed non-current-carrying metal 
parts of the boile^iMassociated exposed metal structures 
or equipment shall be bonded to the pressure vessel or to 
the neutral conductor to wlwch the vessel is connected in 

250.102, ^Kept the ampacity of the bond- 
not be less than the ampacity of the neutral 
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Chapter 5 Special Occupancies 


ARTICLE 500 

Hazardous (Classified) Locations, Classes 
I, II, and III, Divisions 1 and 2 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 497-2008, Recom¬ 
mended Practice for the Classification of Flammable Liq¬ 
uids, Gases, or Vapors and of Hazardous (Classified) Lo¬ 
cations for Electrical Installations in Chemical Process 
Areas, and NFPA 499-2008, Recommended Practice for the 
Classification of Combustible Dusts and of Hazardous 
(Classified) Locations for Electrical Installation in Chemi¬ 
cal Process Areas. Only editorial changes were made to the 
extracted text to make it consistent with this Code. 

500.1 Scope — Articles 500 Through 504. Articles 500 
through 504 cover the requirements for electrical and elec¬ 
tronic equipment and wiring for all voltages in Class I, 
Divisions 1 and 2; Class II, Divisions 1 and 2; and Class 
III, Divisions 1 and 2 locations where fire or explosion 
hazards may exist due to flammable gases, fla: 
liquid-produced vapors, combustible liquid-produce! 
pors, combustible dusts, or ignitible fibers/flyings. 


Informational Note No. 1: The unique 
with explosives, pyrotechnics, and bla: 
addressed in this article. 

Informational Note No. 2: For the reqi 
trical and electronic equipme 
in Zone 0, Zone 1, and Zone 2 nazal 
tions where fire or explosion hazards m3 1 
mable gases or vapors or flammable liqul 
505. 



all voltages 
ed) loca- 
sist dUeto flam- 
fefer to Article 


Informational Note No. 3: For the requirements for elec¬ 
trical and electronic equipment and wiring for all voltages 
in Zone 20, Zone 21, and Zone 22ffiazardous (classified) 
locations where fire or explosion hazards may exist due to 
combustible dusts or ignitible fibers/flyings, refer to Article 
506. 

500.2 Definitions. For purposes of Articles 500 through 
504 and Articles 510 through 516, the following definitions 
apply. 





(2) Electrical apparatus not so protected that shall not be 
used in a hazardous (classified) location 

Informational Note: Associated nonincendive field wiring 
apparatus has designated associated nonincendive field wir¬ 
ing apparatus connections for nonincendive field wiring ap¬ 
paratus and may also have connections for other electrical 
apparatus. 

Combustible Dust. Any finely divided solid material that 
is 420 microns (0.017 in.) or smaller in diameter (material 
passing a U.S. No. 40 Standard Sieve) and presents a fire or 
explosion hazard when dispersed and ignited in air. [499, 
2008] 

Combustible Gas Detection System. A protection tech¬ 
nique^! til izing stationary gas detectors in industrial estab¬ 
lish 

ntrol Drawing. A draw i ng or other document provided 
by the manufacturer of the intrinsically safe or associated 
us, or of the nonincendive field wiring apparatus or 
iated nonincendive field wiring apparatus, that details 
the allowed interconnections between the intrinsically safe 
d associated apparatus or between the nonincendive field 
apparatus or associated nonincendive field wiring 
apparatus. 

Cord Connector A fitting intended to terminate a cord to a 
box or similar device and reduce the strain at points of 
termination and may include an explosionproof, a dust ig¬ 
nition proof, or a flameproof seal. [ROP 14-llb] 

Dust-Ignitionproof. Equipment enclosed in a manner that 
excludes dusts and does not permit arcs, sparks, or heat 
otherwise generated or liberated inside of the enclosure to 
cause ignition of exterior accumulations or atmospheric 
suspensions of a specified dust on or in the vicinity of the 
enclosure. 

Informational Note: For further information on dust- 
ignitionproof enclosures, see Type 9 enclosure in 
ANSI/NEMA 250-1991, Enclosures for Electrical Equip¬ 
ment, and ANSI/UL 1203-2009, Explosionproof and Dust- 
Ignitionproof Electrical Equipment for Hazardous (Classi¬ 
fied) Locations. [ROP 14-3] 


Associated Nonincendive Field Wiring Apparatus. Ap¬ 
paratus in which the circuits are not necessarily nonincen¬ 
dive themselves but that affect the energy in nonincendive 
field wiring circuits and are relied upon to maintain nonin¬ 
cendive energy levels. Associated nonincendive field wir¬ 
ing apparatus may be either of the following: 

(1) Electrical apparatus that has an alternative type of pro¬ 
tection for use in the appropriate hazardous (classified) 
location 


Dusttight. Enclosures constructed so that dust will not en¬ 
ter under specified test conditions. 

Informational Note: See ANSI/ISA-12.12.01-2011, Nonin¬ 
cendive Electrical Equipment for Use in Class I and II, 
Division 2, and Class III, Divisions 1 and 2 Hazardous 
(Classified) Locations. [ROP 14-10] 

Electrical and Electronic Equipment. Materials, fittings, 
devices, appliances, and the like that are part of, or in 
connection with, an electrical installation. 
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Informational Note: Portable or transportable equipment 
having self-contained power supplies, such as battery- 
operated equipment, could potentially become an ignition 
source in hazardous (classified) locations. See ANSI/ISA- 
12.12.03-2011, Standard for Portable Electronic Products 
Suitable for Use in Class I and II, Division 2, Zone 2 and 
Class III, Division 1 and 2 Hazardous (Classified) Loca¬ 
tions. [ROP 14-10] 

Explosionproof Equipment. Equipment enclosed in a case 
that is capable of withstanding an explosion of a specified 
gas or vapor that may occur within it and of preventing the 
ignition of a specified gas or vapor surrounding the enclo¬ 
sure by sparks, flashes, or explosion of the gas or vapor 
within, and that operates at such an external temperature 
that a surrounding flammable atmosphere will not be ig¬ 
nited thereby. 

Informational Note: For further information, see 

ANSI/UL 1203-2009, Explosion-Proof and Dust-Ignition- 
Proof Electrical Equipment for Use in Hazardous (Classi¬ 
fied) Locations. [ROP 14-3] 

Hermetically Sealed. Equipment sealed against the en¬ 
trance of an external atmosphere where the seal is made by 
fusion, for example, soldering, brazing, welding, or the fu¬ 
sion of glass to metal. 

Informational Note: For further information, see 
ANSI/ISA-12.12.01-2011, Nonincendive Electrical Equip¬ 
ment for Use in Class I and II, Division 2, and Cl ass III . 
Division 1 and 2 Hazardous (Classified) Location 

14-10] 

Nonincendive Circuit. A circuit, other than field wiring, in 
which any arc or thermal effect produced under intended 
operating conditions of the equipment is not capable, under 
specified test conditions, of igniting the flammable gas-a 
vapor-air, or dust-air mixtures 

Informational Note: ConditioiS|^re described in 
ANSI/ISA-12.12.01-2011, Nonincendive Elec^ml Equip¬ 
ment for Use in Class I and II, Divisiom2, and Class III, 
Divisions 1 and 2 Hazardous (Classified) Locations. [ROP 
14-10] 

Nonincendive Component. A component having contacts 
for making or breaking an incendive circuit and the con¬ 
tacting mechanism is constructed so that the component is 
incapable of igniting the specified flammable gas-air or 
vapor-air mixture. The housing of a nonincendive compo¬ 
nent is not intended to exclude the flammable atmosphere 
or contain an explosion. 

Informational Note: For further information, see 

ANSI/ISA-12.12.01-2011, Nonincendive Electrical Equip¬ 
ment for Use in Class I and II, Division 2, and Class III, 
Divisions 1 and 2 Hazardous (Classified) Locations. [ROP 
14-10] 

Nonincendive Equipment. Equipment having 
electrical/electronic circuitry that is incapable, under nor¬ 


mal operating conditions, of causing ignition of a specified 
flammable gas-air, vapor-air, or dust-air mixture due to 
arcing or thermal means. 

Informational Note: For further information, see 

ANSI/ISA-12.12.01-2011, Nonincendive Electrical Equip¬ 
ment for Use in Class I and II, Division 2, and Class III, 
Divisions 1 and 2 Hazardous (Classified) Locations. [ROP 
14-10] 

Nonincendive Field Wiring. Wiring that enters or leaves 
an equipment enclosure and, under normal operating con¬ 
ditions of the equipment, is not capable, due to arcing or 
thermal effects, of igniting the flammable gas-air, vapor- 
air, or dust-air mixture. Normal operation includes open¬ 
ing, shorting, or grounding the field wiring. 


Nonincendive 

tended to be com 

Informatioi 
ANSI/IS 
ment f fuse in 
Divisi s 1 and 2 

>] 




Wiring Apparatus. Apparatus in¬ 
to nonincendive field wiring. 

For further information, see 
Nonincendive Electrical Equip- 
II, Division 2, and Class III, 
(Classified) Locations. [ROP 


in. Electrical equipment immersed in a pro- 
tecti ve l iq tild in such a way that an explosive atmosphere 
igthove the liquid or outside the enclosure can- 


mal Note: For further information, see 

ANSI/UL 698-1995, Industrial Control Equipment for Use 
Hazardous (Classified) Locations. 

ged and Pressurized. The process of (1) purging, sup- 
lying an enclosure with a protective gas at a sufficient flow 
and positive pressure to reduce the concentration of any 
flammable gas or vapor initially present to an acceptable 
level; and (2) pressurization, supplying an enclosure with a 
protective gas with or without continuous flow at sufficient 
pressure to prevent the entrance of a flammable gas or 
vapor, a combustible dust, or an ignitible fiber. 

Informational Note: For further information, see ANSI/ 
NFPA 496-2008, Purged and Pressurized Enclosures for 
Electrical Equipment. 

Unclassified Locations. Locations determined to be neither 
Class I, Division 1; Class I, Division 2; Class I, Zone 0; 
Class I, Zone 1; Class I, Zone 2; Class II, Division 1; Class 
II, Division 2; Class III, Division 1; Class III, Division 2; 
Zone 20; Zone 21; Zone 22; or any combination thereof. 

500.3 Other Articles. Except as modified in Articles 500 
through 504, all other applicable rules contained in this 
Code shall apply to electrical equipment and wiring in¬ 
stalled in hazardous (classified) locations. 

500.4 General. 

(A) Documentation. All areas designated as hazardous 
(classified) locations shall be properly documented. This 
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500.5 


documentation shall be available to those authorized to de¬ 
sign, install, inspect, maintain, or operate electrical equip¬ 
ment at the location. 

(B) Reference Standards. Important information relating 
to topics covered in Chapter 5 may be found in other pub¬ 
lications. 

Informational Note No. 1: It is important that the authority 
having jurisdiction be familiar with recorded industrial ex¬ 
perience as well as with the standards of the National Fire 
Protection Association (NFPA), the American Petroleum 
Institute (API), and the International Society of Automation 
(ISA), that may be of use in the classification of various 
locations, the determination of adequate ventilation, and the 
protection against static electricity and lightning hazards. 

Informational Note No. 2: For further information on the 
classification of locations, see NFPA 30-2008, Flammable 
and Combustible Liquids Code; NFPA 32-2007, Standard 
for Drycleaning Plants', NFPA 33-2011, Standard for Spray 
Application Using Flammable or Combustible Materials', 
NFPA 34-2011, Standard for Dipping and Coating Pro¬ 
cesses Using Flammable or Combustible Liquids', 
NFPA 35-2005, Standard for the Manufacture of Organic 
Coatings', NFPA 36-2009, Standard for Solvent Extraction 
Plants', NFPA 45-2011, Standard on Fire Protection for 
Laboratories Using Chemicals', NFPA 55-2010, Com¬ 
pressed Gases and Cryogenic Fluids Code; NFPA 58-20 
Liquefied Petroleum Gas Code; NFPA 59-2008, Utility ' 

Gas Plant Code; NFPA 497-2008, Recommended Prac, 
for the Classification of Flammable Liquids, Gases, or 
pors and of Hazardous (Classified) Locations. far:£lectrica 1 
Installations in Chemical Process Areas; fiB^W^^-2008 
Recommended Practice for the Classifwfifon of Combus¬ 
tible Dusts and of Hazardous (Classified) Locations for 


Electrical Installations in Chemica 
NFPA 820-2008, Standard for FurProtel 
ter Treatment and Collection Facilities 
1997, Recommended Pra j 
tions of Electrical In, 

Classified as Class I, Di 
1988, Area Classification 
Locations. 




wees 

n Wastewa- 
I RP500- 
cati'ffifLMf Loca- 
[eum wucilities 
2; ISA-12.10- 
1 ossified) Dust 


Informational Note No. 3: For further information on pro¬ 
tection against static electricity ana lightning hazards in 
hazardous (classified) locations, see NFPA 77-2007, Rec¬ 
ommended Practice on Static Electricity; NFPA 780-2011, 
Standard for the Installation of Lightning Protection Sys¬ 
tems; and API RP 2003-1998, Protection Against Ignitions 
Arising Out of Static Lightning and Stray Currents. 

Informational Note No. 4: For further information on ven¬ 
tilation, see NFPA 30-2008, Flammable and Combustible 
Liquids Code; and API RP 500-1997, Recommended Prac¬ 
tice for Classification of Locations for Electrical Installa¬ 
tions at Petroleum Facilities Classified as Class I, Division 
1 and Division 2. 

Informational Note No. 5: For further information on elec¬ 
trical systems for hazardous (classified) locations on off¬ 
shore oil- and gas-producing platforms, see ANSI/API RP 
14F-1999, Recommended Practice for Design and Installa¬ 
tion of Electrical Systems for Fixed and Floating Offshore 
Petroleum Facilities for Unclassified and Class I, Division 
1 and Division 2 Locations. 


500.5 Classifications of Locations. 

(A) Classifications of Locations. Locations shall be clas¬ 
sified depending on the properties of the flammable gas, 
flammable liquid-produced vapor, combustible-liquid pro¬ 
duced vapors, combustible dusts, or fibers/flyings that may 
be present, and the likelihood that a flammable or combus¬ 
tible concentration or quantity is present. Each room, sec¬ 
tion, or area shall be considered individually in determining 
its classification. Where pyrophoric materials are the only 
materials used or handled, these locations are outside the 
scope of this article. [ROP 14-15a] 

Informational Note: Through the exercise of ingenuity in 
the layout of electrical installations for hazardous (classi¬ 
fied) locations, it is frequently possible to locate much of 
the equipment in a reduced level of classification or in an 
unclassifia^Eocation and, thus, to reduce the amount of 
special e^pment required. 

R^pths and areas containing ammonia refrigeration sys¬ 
tem^ that are equipped with adequate mechanical ventila- 
n may be classified as “unclassified” locations. 

Informational Note: For further information regarding 
sification and ventilation of areas involving ammonia, 
ANSI/ASHRAE 15-1994, Safety Code for Mechanical 
eration, and ANSI/CGA G2.1-1989, Safety Require- 
meTks Yfor the Storage and Handling of Anhydrous 


(B) Class I Locations. Class I locations are those in which 
flammable gases, flammable liquid-produced vapors, or 
combustible liquid-produced vapors are or may be present 
in the air in quantities sufficient to produce explosive or 
ignitible mixtures. Class I locations shall include those 
specified in 500.5(B)(1) and (B)(2). 

(1) Class I, Division 1. A Class I, Division 1 location is a 
location 

(1) In which ignitible concentrations of flammable gases, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors can exist under normal operat¬ 
ing conditions, or 

(2) In which ignitible concentrations of such flammable 
gases, flammable liquid-produced vapors, or combus¬ 
tible liquids above their flash points may exist fre¬ 
quently because of repair or maintenance operations or 
because of leakage, or 

(3) In which breakdown or faulty operation of equipment 
or processes might release ignitible concentrations of 
flammable gases, flammable liquid-produced vapors, 
or combustible liquid-produced vapors and might also 
cause simultaneous failure of electrical equipment in 
such a way as to directly cause the electrical equipment 
to become a source of ignition. 

Informational Note No. 1: This classification usually in¬ 
cludes the following locations: 
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(1) Where volatile flammable liquids or liquefied flam¬ 
mable gases are transferred from one container to an¬ 
other 

(2) Interiors of spray booths and areas in the vicinity of 
spraying and painting operations where volatile flam¬ 
mable solvents are used 

(3) Locations containing open tanks or vats of volatile 
flammable liquids 

(4) Drying rooms or compartments for the evaporation of 
flammable solvents 

(5) Locations containing fat- and oil-extraction equip¬ 
ment using volatile flammable solvents 

(6) Portions of cleaning and dyeing plants where flam¬ 
mable liquids are used 

(7) Gas generator rooms and other portions of gas manu¬ 
facturing plants where flammable gas may escape 

(8) Inadequately ventilated pump rooms for flammable 
gas or for volatile flammable liquids 

(9) The interiors of refrigerators and freezers in which 
volatile flammable materials are stored in open, 
lightly stoppered, or easily ruptured containers 

(10) All other locations where ignitible concentrations of 
flammable vapors or gases are likely to occur in the 
course of normal operations 

Informational Note No. 2: In some Division 1 locations, 
ignitible concentrations of flammable gases or vapors may 
be present continuously or for long periods of time. Ex¬ 
amples include the following: 

(1) The inside of inadequately vented enclosures contain¬ 
ing instruments normally venting flammable gases or 
vapors to the interior of the enclosure 

(2) The inside of vented tanks containing volatile flam¬ 
mable liquids 

(3) The area between the inner and outer roofAeffions of a 
floating roof tank containing volatile flai^Kable fluids 

(4) Inadequately ventilated areas within spraying or coat¬ 
ing operations using volatile flamnuMefluids 

(5) The interior of an exhaust duct that is used t(*ent 
ignitible concentrations of st^Mror vapo^B- 

Experience has demonstrated the prudence of avoiding the 
installation of instrumentation or other electrical equipment in 
these particular areas altogether or where it cannot be avoided 
because it is essential to the process and other locations are not 
feasible [see 500.5(A), Informational Note] using electrical 
equipment or instrumentation approved for the specific appli¬ 
cation or consisting of intrinsically safe systems as described 
in Article 504. 

(2) Class I, Division 2. A Class I, Division 2 location is a 
location 

(1) In which volatile flammable gases, flammable liquid- 
produced vapors, or combustible liquid-produced va¬ 
pors are handled, processed, or used, but in which the 
liquids, vapors, or gases will normally be confined 
within closed containers or closed systems from which 
they can escape only in case of accidental rupture or 
breakdown of such containers or systems or in case of 
abnormal operation of equipment, or 

(2) In which ignitible concentrations of flammable gases, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors are normally prevented by 


positive mechanical ventilation and which might be¬ 
come hazardous through failure or abnormal operation 
of the ventilating equipment, or 

(3) That is adjacent to a Class I, Division 1 location, and to 
which ignitible concentrations of flammable gases, 
flammable liquid-produced vapors, or combustible 
liquid-produced vapors above their flash points might 
occasionally be communicated unless such communi¬ 
cation is prevented by adequate positive-pressure ven¬ 
tilation from a source of clean air and effective safe¬ 
guards against ventilation failure are provided. 


(C) Class II Locations. Class II locations are those that 
are hazardous because of the presence of combustible dust. 
Class II locations shall include those specified in 
500.5(C)(1) and (C)(2). 

(1) Class II, Division 1. A Class II, Division 1 location is 
a location 

(1) In which combustible dust is in the air under normal 
operating conditions in quantities sufficient to produce 
explosive or ignitible mixtures, or 

(2) Where mechanical failure or abnormal operation of 
machinery or equipment might cause such explosive or 
ignitible mixtures to be produced, and might also pro¬ 
vide a source of ignition through simultaneous failure 
of electrical equipment, through operation of protection 
devices, or from other causes, or 

(3) In which Group E combustible dusts may be present in 
quantities sufficient to be hazardous. 

Informational Note: Dusts containing magnesium or alu¬ 
minum are particularly hazardous, and the use of extreme 
precaution is necessary to avoid ignition and explosion. 

(2) Class II, Division 2. A Class II, Division 2 location is 
a location 


Informational Note No. 1: This classification usually in¬ 
cludes locations where volatile flammable liquids or flam¬ 
mable gases or vapors are used but that, in the judgment of 
the authority havingjurisdiction, would become hazardous 
only in case of an accident or of some unusual operating 
condition. The quantity of flammable material that might 
escape in <ytse of accident, the adequacy of ventilating 
equipment,;.$fie totalWea involved, and the record of the 
industijgSjsr business with respect to explosions or fires are 
all factors that merit consideration in determining the clas- 
^icmion and extent of eadliTocation. 

Informational Note No. 2: Piping without valves, checks, 
meters^Kl similar devices would not ordinarily introduce 
a hazS^^s condition even though used for flammable liq- 
Depending on factors such as the quantity 



uids or g 

ze of^jjicontainers and ventilation, locations used for 
of flammable liquids or liquefied or compressed 
ealed containers may be considered either hazard¬ 
ous (classified) or unclassified locations. See NFPA 30- 
2008, Flammable and Combustible Liquids Code, and 
FPA 58-2011, Liquefied Petroleum Gas Code. 
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(1) In which combustible dust due to abnormal operations 
may be present in the air in quantities sufficient to 
produce explosive or ignitible mixtures; or 

(2) Where combustible dust accumulations are present but 
are normally insufficient to interfere with the normal 
operation of electrical equipment or other apparatus, 
but could as a result of infrequent malfunctioning of 
handling or processing equipment become suspended 
in the air; or 


Exception: Equipment identified for a specific gas, vapor, 
or dust. 

Informational Note: This grouping is based on the charac¬ 
teristics of the materials. Facilities are available for testing 
and identifying equipment for use in the various atmo¬ 
spheric groups. 

(A) Class I Group Classifications. Class I groups shall be 
according to 500.6(A)(1) through (A)(4). 


(3) In which combustible dust accumulations on, in, or in 
the vicinity of the electrical equipment could be suffi¬ 
cient to interfere with the safe dissipation of heat from 
electrical equipment, or could be ignitible by abnormal 
operation or failure of electrical equipment. 

Informational Note No. 1: The quantity of combustible 
dust that may be present and the adequacy of dust removal 
systems are factors that merit consideration in determining 
the classification and may result in an unclassified area. 

Informational Note No. 2: Where products such as seed 
are handled in a manner that produces low quantities of 
dust, the amount of dust deposited may not warrant 
classification. 

(D) Class III Locations. Class III locations are those, that 
are hazardous because of the presence of easily i 
fibers or where materials producing combustible flyin; 
handled, manufactured, or used, but in which 
fibers/flyings are not likely to be in suspension in the ait 
quantities sufficient to produce ignitible mixtures. Class 
locations shall include those specififdgm 500J>J|ElLLl am 
(D)(2). 




|v iYi 

ly ignitible fibe: 


1 location 
ings are 


(1) Class III, Division 1. 

is a location in which 
handled, manufactured, W v,u. 

Informational Note No. 1: Such locations usually include 
some parts of rayon, cotton, and other textile mills; com¬ 
bustible fibers/flyings manufacturffl|| and processing plants; 
cotton gins and cotton-seed mills; nax-processing plants; 
clothing manufacturing plants; woodworking plants; and 
establishments and industries involving similar hazardous 
processes or conditions. 

Informational Note No. 2: Easily ignitible fibers/flyings 
include rayon, cotton (including cotton linters and cotton 
waste), sisal or henequen, istle, jute, hemp, tow, cocoa fiber, 
oakum, baled waste kapok, Spanish moss, excelsior, and 
other materials of similar nature. 

(2) Class III, Division 2. A Class III, Division 2 location 
is a location in which easily ignitible fibers/flyings are 
stored or handled other than in the process of manufacture. 

500.6 Material Groups. For purposes of testing, approval, 
and area classification, various air mixtures (not oxygen- 
enriched) shall be grouped in accordance with 500.6(A) 
and (B). 


Informational Note No. 1: Informational Note Nos. 2 and 
3 apply to 500.6(A). 

Informational Note No. 2: The explosion characteristics of 
air mixtures of gases or vapors vary with the specific ma¬ 
terial involved. For Class I locations, Groups A, B. C, and 
D, the classification involves determinations of maximum 
explosion pressure and maximum safe clearance between 
parts o^^Ramped joint in an enclosure. It is necessary, 
therefore, that equipment be identified not only for class but 
also for the specific group of the gas or vapor that will be 
■esent. 


nformational N< 
mayJuive characte' 


o. 3: Certain chemical atmospheres 
tics that require safeguards beyond 
Fequired for any of the Class I groups. Carbon disul- 
is one of these chemicals because of its low autoigni- 
m temperature (90°C) and the small joint clearance per- 
d to arrest its flame. [ROP 14-18] 

roup A. Acetylene. [497:3.3.5.1.1] 

(2) Group B. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may bum or explode, having either a maximum 
experimental safe gap (MESG) value less than or equal to 
0.45 mm or a minimum igniting current ratio (MIC ratio) 
less than or equal to 0.40. [497:3.3.5.1.2] 

Informational Note: A typical Class I, Group B material is 
hydrogen. 

Exception No. 1: Group D equipment shall be permitted to 
be used for atmospheres con taining butadiene, provided all 
conduit runs into explosionproof equipment are provided 
with explosionproof seals installed within 450 mm (18 in.) 
of the enclosure. 

Exception No. 2: Group C equipment shall be permitted to 
be used for atmospheres containing allyl glycidyl ether, 
n-butyl glycidyl ether, ethylene oxide, propylene oxide, and 
acrolein, provided all conduit runs into explosionproof 
equipment are provided with explosionproof seals installed 
within 450 mm (18 in.) of the enclosure. 

(3) Group C. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may burn or explode, having either a maximum 
experimental safe gap (MESG) value greater than 0.45 mm 
and less than or equal to 0.75 mm, or a minimum igniting 
current ratio (MIC ratio) greater than 0.40 and less than or 
equal to 0.80. [497:3.3.5.1.3] 
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Informational Note: A typical Class I, Group C material is 
ethylene. 

(4) Group D. Flammable gas, flammable liquid-produced 
vapor, or combustible liquid-produced vapor mixed with 
air that may bum or explode, having either a maximum 
experimental safe gap (MESG) value greater than 0.75 mm 
or a minimum igniting current ratio (MIC ratio) greater 
than 0.80. [497:3.3.5.1.4] 


Informational Note No. 2: The explosion characteristics of 
air mixtures of dust vary with the materials involved. For 
Class II locations, Groups E, F, and G, the classification 
involves the tightness of the joints of assembly and shaft 
openings to prevent the entrance of dust in the dust- 
ignitionproof enclosure, the blanketing effect of layers of 
dust on the equipment that may cause overheating, and the 
ignition temperature of the dust. It is necessary, therefore, 
that equipment be identified not only for the class but also 
for the specific group of dust that will be present. 


Informational Note No. 1: A typical Class I, Group D 
material is propane. 

Informational Note No. 2: For classification of areas in¬ 
volving ammonia atmospheres, see ANSI/ASHRAE 15- 
1994, Safety Code for Mechanical Refrigeration, and 
ANSI/CGA G2.1-1989, Safety Requirements for the Stor¬ 
age and Handling of Anhydrous Ammonia. 

(B) Class II Group Classifications. Class II groups shall 
be in accordance with 500.6(B)(1) through (B)(3). 

(1) Group E. Atmospheres containing combustible metal 
dusts, including aluminum, magnesium, and their commer¬ 
cial alloys, or other combustible dusts whose particle size, 
abrasiveness, and conductivity present similar hazards in 
the use of electrical equipment. [499:3.3.4.1] 

Informational Note: Certain metal dusts may have charac¬ 
teristics that require safeguards beyond those required for 
atmospheres containing the dusts of aluminum, magnesium, 
and their commercial alloys. For example, zircon^^P^® 
rium, and uranium dusts have extremely low ignition tem¬ 
peratures [as low as 20°C (68°F)] and minimum igniti 
energies lower than any material classified ih aoy ojl 
Class I or Class II groups. 


(2) Group F. Atmospheres contaj 
aceous dusts that have more tl 
volatiles (see ASTM D 3175-0: 
Volatile Matter in the Analysis Sat 




; combustible carbon - 
percent tt^drcntrapped 
indard Test Method for 
for Coal find Coke, 


for coal and coke dusts) or that havea^eo^ensitized by 
other materials so that they present an explosion hazard. 
Coal, carbon black, charcoal, and coke dusts are examples 
of carbonaceous dusts. [499:3.3.4.2] 

Informational Note: Testing of specific dust samples, fol¬ 
lowing established ASTM testing procedures, is a method 
used to identify the combustibility of a specific dust and the 
need to classify those locations containing that material as 
Group F. 

(3) Group G. Atmospheres containing combustible dusts 
not included in Group E or F, including flour, grain, wood, 
plastic, and chemicals. 

Informational Note No. 1: For additional information on 
group classification of Class II materials, see NFPA 499- 
2008, Recommended Practice for the Classification of 
Combustible Dusts and of Hazardous (Classified) Loca¬ 
tions for Electrical Installations in Chemical Process 
Areas. 


Informational Note No. 3: Certain dusts may require ad¬ 
ditional precautions due to chemical phenomena that can 
result in the generation of ignitible gases. See ANSI/IEEE 
C2-2012, National Electrical Safety Code, Section 127A, 
Coal Handling Areas. [ROP 14-19] 

500.7 Protection Techniques. Section 500.7(A) through 
(L) shall be acceptable protection techniques for electrical 
and electronic >pitilnment in hazardous (classified) loca¬ 
tions. 


ment. This protection tech- 
quipment in Class I, Division 



sionproof 

all be permitted fc5P 
locati 


nitionproof. This protection technique shall be 
ouipment in Class II, Division 1 or 2 loca- 


Dusttight. This protection technique shall be permit- 
for equipment in Class II, Division 2 or Class III, Di¬ 
on 1 or 2 locations. 


(D) Purged and Pressurized. This protection technique 
shall be permitted for equipment in any hazardous (classi¬ 
fied) location for which it is identified. 

(E) Intrinsic Safety. This protection technique shall be 
permitted for equipment in Class I, Division 1 or 2; or 
Class II, Division 1 or 2; or Class III, Division 1 or 2 
locations. The provisions of Articles 501 through 503 and 
Articles 510 through 516 shall not be considered applicable 
to such installations, except as required by Article 504, and 
installation of intrinsically safe apparatus and wiring shall 
be in accordance with the requirements of Article 504. 

(F) Nonincendive Circuit. This protection technique shall 
be permitted for equipment in Class I, Division 2; Class II, 
Division 2; or Class III, Division 1 or 2 locations. 

(G) Nonincendive Equipment. This protection technique 
shall be permitted for equipment in Class I, Division 2; 
Class II, Division 2; or Class III, Division 1 or 2 locations. 

(H) Nonincendive Component. This protection technique 
shall be permitted for equipment in Class I, Division 2; 
Class II, Division 2; or Class III, Division 1 or 2 locations. 
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(I) Oil Immersion. This protection technique shall be per¬ 
mitted for current-interrupting contacts in Class I, Division 
2 locations as described in 501.115(B)(1 )(2). 

(J) Hermetically Sealed. This protection technique shall 
be permitted for equipment in Class I, Division 2; Class II, 
Division 2; or Class III, Division 1 or 2 locations. 

(K) Combustible Gas Detection System. A combustible 
gas detection system shall be permitted as a means of pro¬ 
tection in industrial establishments with restricted public 
access and where the conditions of maintenance and super¬ 
vision ensure that only qualified persons service the instal¬ 
lation. Where such a system is installed, equipment speci¬ 
fied in 500.7(K)(1), (K)(2), or (K)(3) shall be permitted. 

The type of detection equipment, its listing, installation 
location(s), alarm and shutdown criteria, and calibration 
frequency shall be documented when combustible gas de¬ 
tectors are used as a protection technique. 

Informational Note No. 1: For further information, see 
ANSI/ISA-60079-29-1, Explosive Atmospheres - Part 29-1: 
Gas detectors - Performance requirements of detectors for 
flammable gases , and ANSI/UL 2075, Gas and Vapor De¬ 
tectors and Sensors. 

Informational Note No. 2: For further information 
ANSI/API RP 500, Recommended Practice for Classij 
tion of Locations for Electrical Installations at Petrole, 
Facilities Classified as Class 1, Division / or Division 2. 

Informational Note No. 3: For further informatic 
ANSI/ISA-60079-29-2, Explosive Atmo^Pres - pM 
Gas detectors - Selection, installationuse anM 
nance of detectors for flammable gase9(dtid on. 

Informational Note No. 4: 

ISA-TR12.13.03, Guide fo, 
a Method of Protection 


(1) Inadequate Ventilatl 

tion that is so classified due 
trical equipment suitable for 
shall be permitted. Combustible 




■Division 1 loca- 
ventilation, elec- 
Jivision 2 locations 
detection equipment 


shall be listed for Class I, Division 1, for the appropriate 
material group, and for the detection of the specific gas or 
vapor to be encountered. 

(2) Interior of a Building. In a building located in, or with 
an opening into, a Class I, Division 2 location where the 
interior does not contain a source of flammable gas or va¬ 
por, electrical equipment for unclassified locations shall be 
permitted. Combustible gas detection equipment shall be 
listed for Class I, Division 1 or Class I, Division 2, for the 
appropriate material group, and for the detection of the 
specific gas or vapor to be encountered. 

(3) Interior of a Control Panel. In the interior of a control 
panel containing instrumentation utilizing or measuring 
flammable liquids, gases, or vapors, electrical equipment 
suitable for Class I, Division 2 locations shall be permitted. 


Combustible gas detection equipment shall be listed for 
Class I, Division 1, for the appropriate material group, and 
for the detection of the specific gas or vapor to be encoun¬ 
tered. 

(L) Other Protection Techniques. Other protection tech¬ 
niques used in equipment identified for use in hazardous 
(classified) locations. 

500.8 Equipment. Articles 500 through 504 require equip¬ 
ment construction and installation that ensure safe perfor¬ 
mance under conditions of proper use and maintenance. 

Informational Note No. 1: It is important that inspection 
authorities and users exercise more than ordinary care with 
regard to installation and maintenance. 

InformaflA# Note No. 2: Since there is no consistent 
relationship between explosion properties and ignition tem- 
peruweAlie two are independent requirements. 

ormational Note No. 3: Low ambient conditions require 
pecial consideration. Explosionproof or dust-ignitionproof 
equipment may ndtpbe suitable for use at temperatures 
lower than -25°C (-13°F) unless they are identified for 
Temperature service. However, at low ambient tem- 
ratures, flammable concentrations of vapors may not ex- 
iMp a location classified as Class I, Division 1 at normal 
t temperature. 

(^^Suitability. Suitability of identified equipment shall be 
determined by one of the following: 

(1) Equipment listing or labeling 

(2) Evidence of equipment evaluation from a qualified test¬ 
ing laboratory or inspection agency concerned with 
product evaluation 

(3) Evidence acceptable to the authority having jurisdiction 
such as a manufacturer’s self-evaluation or an owner’s 
engineering judgment. 

Informational Note: Additional documentation for equip¬ 
ment may include certificates demonstrating compliance 
with applicable equipment standards, indicating special 
conditions of use, and other pertinent information. Guide¬ 
lines for certificates may be found in ANSI/ISA 12.00.02, 
Certificate Standard for AEx Equipment for Hazardous 
(Classified) Locations. 

(B) Approval for Class and Properties. 

(1) Equipment shall be identified not only for the class of 
location but also for the explosive, combustible, or ignitible 
properties of the specific gas, vapor, dust, or fibers/flyings 
that will be present. In addition. Class I equipment shall not 
have any exposed surface that operates at a temperature in 
excess of the autoignition temperature of the specific gas or 
vapor. Class II equipment shall not have an external tem¬ 
perature higher than that specified in 500.8(D)(2). Class III 
equipment shall not exceed the maximum surface tempera¬ 
tures specified in 503.5. [ROP 14-23] 
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Informational Note: Luminaires and other heat-producing 
apparatus, switches, circuit breakers, and plugs and recep¬ 
tacles are potential sources of ignition and are investigated 
for suitability in classified locations. Such types of equip¬ 
ment, as well as cable terminations for entry into explosion- 
proof enclosures, are available as listed for Class I, Divi¬ 
sion 2 locations. Fixed wiring, however, may utilize wiring 
methods that are not evaluated with respect to classified 
locations. Wiring products such as cable, raceways, boxes, 
and fittings, therefore, are not marked as being suitable for 
Class I, Division 2 locations. Also see 500.8(C)(6)(a). 

(2) Equipment that has been identified for a Division 1 
location shall be permitted in a Division 2 location of the 
same class, group, and temperature class and shall comply 
with (a) or (b) as applicable. 


wise specified or allowed in (C)(6), the marking shall in¬ 
clude the information specified in (C)(1) through (C)(5). 

(1) Class. The marking shall specify the class(es) for 
which the equipment is suitable. 

(2) Division. The marking shall specify the division if the 
equipment is suitable for Division 2 only. Equipment suit¬ 
able for Division 1 shall be permitted to omit the division 
marking. 

Informational Note: Equipment not marked to indicate a 
division, or marked “Division 1” or “Div. 1,” is suitable for 
both Division 1 and 2 locations; see 500.8(B)(2). Equip¬ 
ment marked “Division 2” or “Div. 2” is suitable for Divi¬ 
sion 2 locations only. 


(a) Intrinsically safe apparatus having a control draw¬ 
ing requiring the installation of associated apparatus for a 
Division 1 installation shall be permitted to be installed in a 
Division 2 location if the same associated apparatus is used 
for the Division 2 installation. 

(b) Equipment that is required to be explosionproof 
shall incorporate seals in accordance with 501.15(A) or (D) 
when the wiring methods of 501.10(B) are employed. 

(3) Where specifically permitted in Articles 501 through 
503, general-purpose equipment or equipment in general-^ 
purpose enclosures shall be permitted to be installed in \ 
Division 2 locations if the equipment does not constitute a 
source of ignition under normal operating conditions. 

(4) Equipment that depends on a single co 
diaphragm, or tube to prevent flammable 
fluids from entering the equipment shall be i 
Class I, Division 2 location even ifinsti 
sified location. Equipment installad in a 
location shall be identified for the Class 
tion. 


Informational Note: Equipment us© 
ment is an example of equipment havin 
sion seal, diaphragm, or tube. 



e compres- 


(5) Unless otherwise specified, normal operating conditions 
for motors shall be assumed to be rated full-load steady 
conditions. 


(3) Material Classification Group. The marking shall 
specify the applicable material classification group(s) in ac¬ 
cordance with 

Exception: Hfixed luminaires marked for use only in Class 
I, Division 2 or ClassT^Division 2 locations shall not be 
required~to indicate the gl 

(4) Equipment Temperature. The marking shall specify 
the temperature class or operating temperature at a 40°C 
ambienttemperature, or at the higher ambient temperature 

at is rated and marked for an ambient tem- 
Jater than 40°C. For equipment installed in a 
vision 1 location, the temperature class or open¬ 
ing temperature shall be based on operation of the equip- 
ent when blanketed with the maximum amount of dust 
It can accumulate on the equipment. The temperature 
^class, if provided, shall be indicated using the temperature 
class (T Codes) shown in Table 500.8(C). Equipment for 
Class I and Class II shall be marked with the maximum 
safe operating temperature, as determined by simultaneous 
exposure to the combinations of Class I and Class II con¬ 
ditions. [ROP 14-24] 

Exception: Equipment of the non-heat-producing type, 
such as junction boxes, conduit, and fittings, and equipment 
of the heat-producing type having a maximum temperature 
not more than 100°C shall not be required to have a 
marked operating temperature or temperature class. 



(6) Where flammable gases, flammable liquid-produced 
vapors, combustible liquid-produced vapors, or combus¬ 
tible dusts are or may be present at the same time, the 
simultaneous presence of both shall be considered when 
determining the safe operating temperature of the electrical 
equipment. 

Informational Note: The characteristics of various atmo¬ 
spheric mixtures of gases, vapors, and dusts depend on the 
specific material involved. 


Informational Note: More than one marked temperature 
class or operating temperature, for gases and vapors, dusts, 
and different ambient temperatures, may appear. 

(5) Ambient Temperature Range. Electrical equipment 
designed for use in the ambient temperature range between 
-25 °C to +40°C shall require no ambient temperature 
marking. For equipment rated for a temperature range other 
than -25°C to +40°C, the marking shall specify the special 
range of ambient temperatures in degrees Celsius. The 
marking shall include either the symbol “Ta” or “Tamb.” 


(C) Marking. Equipment shall be marked to show the en- Informational Note: As an example, such a marking might 

vironment for which it has been evaluated. Unless other- be “-30°C < Ta < +40°C.” 
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Table 500.8(C) Classification of Maximum Surface 
Temperature 


Maximum Temperature 

°C 

°F 

(T Code) 

450 

842 

T1 

300 

572 

T2 

280 

536 

T2A 

260 

500 

T2B 

230 

446 

T2C 

215 

419 

T2D 

200 

392 

T3 

180 

356 

T3A 

165 

329 

T3B 

160 

320 

T3C 

135 

275 

T4 

120 

248 

T4A 

100 

212 

T5 

85 

185 

T6 


iipmel 


(6) Special Allowances. 

(a) General-Purpose Equipment. Fixed general- 
purpose equipment in Class I locations, other than fixed 
luminaires, that is acceptable for use in Class I, Division 2 
locations shall not be required to be marked with thi 
division, group, temperature class, or ambient tempei 
range. 

(b) Dusttight Equipment. Fixed dusttight 
other than fixed luminaires, that is acceptable tor use l 
Class II, Division 2 and Class III locations 
required to be marked with the class, aivision/group, 
perature class, or ambient temperature rai 

(c) Associated ApparatmjF'Associated intrinsically safe 
apparatus and associated nonincendive field wirilfg appara¬ 
tus that are not protected by an alternative type of protec¬ 
tion shall not be marked with the class, division, group, or 
temperature class. Associated intrinsically safe apparatus 
and associated nonincendive field wiring apparatus shall be 
marked with the class, division, and group of the apparatus 
to which it is to be connected. 

(d) Simple Apparatus. “Simple apparatus” as defined in 
Article 504, shall not be required to be marked with class, 
division, group, temperature class, or ambient temperature 
range. 

(D) Temperature. 

(1) Class I Temperature. The temperature marking speci¬ 
fied in 500.8(C) shall not exceed the autoignition tempera¬ 
ture of the specific gas or vapor to be encountered. [ROP 
14-25] 

Informational Note: For information regarding autoigni¬ 
tion temperatures of gases and vapors, see NFPA 497-2008, 
Recommended Practice for the Classification of Flammable 
Liquids, Gases, or Vapors, and of Hazardous (Classified) 


Locations for Electrical Installations in Chemical Process 
Areas. [ROP 14-26] 

(2) Class II Temperature. The temperature marking 
specified in 500.8(C) shall be less than the ignition tem¬ 
perature of the specific dust to be encountered. For organic 
dusts that may dehydrate or carbonize, the temperature 
marking shall not exceed the lower of either the ignition 
temperature or 165°C (329°F). 

Informational Note: See NFPA 499-2008, Recommended 
Practice for the Classification of Combustible Dusts and of 
Hazardous (Classified) Locations for Electrical Installa¬ 
tions in Chemical Process Areas, for minimum ignition 
temperatures of specific dusts. 

The ignition temperature for which equipment was ap¬ 
proved prior ■wthis requirement shall be assumed to be as 
shown in Table 500.8(D)(2). 


II Temperatures 



Equipment 
Not Subject 
to 

Overloading 


Equipment (Such as Motors or 
Power Transformers) That May 
Be Overloaded 


Normal 

Operation 


Abnormal 

Operation 


Group 

°C 

°F 

°C 

°F 

°C 

°JT 

E 

200 

392 

200 

392 

200 

392 

F 

200 

392 

150 

302 

200 

392 

G 

165 

329 

120 

248 

165 

329 


(E) Threading. The supply connection entry thread form 
shall be NPT or metric. Conduit and fittings shall be made 
wrenchtight to prevent sparking when fault current flows 
through the conduit system, and to ensure the explosion- 
proof integrity of the conduit system where applicable. 
Equipment provided with threaded entries for field wiring 
connections shall be installed in accordance with 
500.8(E)(1) or (E)(2) and with (E)(3). 

(1) Equipment Provided with Threaded Entries for 
NPT Threaded Conduit or Fittings. For equipment pro¬ 
vided with threaded entries for NPT threaded conduit or 
fittings, listed conduit, listed conduit fittings, or listed cable 
fittings shall be used. All NPT threaded conduit and fittings 
shall be threaded with a National (American) Standard Pipe 
Taper (NPT) thread. [ROP 14-27] 

NPT threaded entries into explosionproof equipment 
shall be made up with at least five threads fully engaged. 

Exception: For listed explosionproof equipment, joints 
with factory threaded NPT entries shall be made up with at 
least fVz threads fully engaged. 
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Informational Note No. 1: Thread specifications for male sion hazards may exist due to flammable gases or vapors or 

NPT threads are located in ANSI/ASME Bl.20.1-1983, flammable liquids 

Pipe Threads, General Purpose (Inch). 


Informational Note No. 2: Female NPT threaded entries 
use a modified National Standard Pipe Taper (NPT) thread 
with thread form per ANSI/ASME Bl.20.1-1983, Pipe 
Threads, General Purpose (Inch). See ANSI/UL 1203- 
2009, Explosionproof and Dust-Ignition-Proof Electrical 
Equipment for Use in Hazardous (Classified) Locations. 
[ROP 14-3] 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit or Fittings. For equipment 
with metric threaded entries, listed conduit fittings or listed 
cable fittings shall be used. Such entries shall be identified 
as being metric, or listed adapters to permit connection to 
conduit or NPT threaded fittings shall be provided with the 
equipment and shall be used for connection to conduit or 
NPT threaded fittings. 

Metric threaded entries into explosionproof equipment 
shall have a class of fit of at least 6g/6H and shall be made 
up with at least five threads fully engaged for Group C and 
Group D, and at least eight threads fully engaged for Group 
A and Group B. 

Informational Note: Threading specifications for metric 
threaded entries are located in ISO 965-1-1998, ISO gen¬ 
eral purpose metric screw threads — Tolerances — Part 1: 
Principles and basic data, and ISO 965-3-1998, ISO gen¬ 
eral purpose metric screw threads — Tolerances — Pi 
Deviations for constructional screw threads. 

(3) Unused Openings. All unused ope 
closed with listed metal close-up plugs. I ll 
ment shall comply with 500.8(E)(1) or (E)(2). 


(F) Optical Fiber Cables. Wh 

contains conductors that are 
(composite optical fiber cable), tH 
be installed in accordance with the 
500, 501, 502, or 503, as applicable. 



ihef cable 
carrying current 
able shall 
ilirements of Article 


500.9 Specific Occupancies. Articles 510 through 517 
cover garages, aircraft hangars, motor fuel dispensing fa¬ 
cilities, bulk storage plants, spray application, dipping and 
coating processes, and health care facilities. 


Informational Note: For the requirements for electrical 
and electronic equipment and wiring for all voltages in 
Zone 0, Zone 1, or Zone 2 hazardous (classified) locations 
where fire or explosion hazards may exist due to flammable 
gases or vapors or flammable liquids, refer to Article 505. 

501.5 Zone Equipment. Equipment listed and marked in 
accordance with 505.9(C)(2) for use in Zone 0, 1, or 2 
locations shall be permitted in Class I, Division 2 locations 
for the same gas and with a suitable temperature class. 
Equipment listed and marked in accordance with 
505.9(C)(2) for use in Zone 0 locations shall be permitted 
in Class I, Division 1 or Division 2 locations for the same 
gas and with a suitable temperature class. 


Wiring methods shall comply 


In Class I, Division 1 locations, the wiring 
) through (d) shall be permitted. 
r ed rigid metal conduit or threaded steel in- 
ediate’metal conduit. 

ception: Type PVC conduit and Type RTRC conduit 
II be permitted where encased in a concrete envelope a 
inimum of 50 mm (2 in.) thick and provided with not less 
than 600 mm (24 in.) of cover measured from the top of the 
conduit to grade. The concrete encasement shall be permit¬ 
ted to be omitted where subject to the provisions of 514.8, 
Exception No. 2, and 515.8(A). Threaded rigid metal con¬ 
duit or threaded steel intermediate metal conduit shall be 
used for the last 600 mm (24 in.) of the underground run to 
emergence or to the point of connection to the aboveground 
raceway. An equipment grounding conductor shall be in¬ 
cluded to provide for electrical continuity of the raceway 
system and for grounding of non-current-carrying metal 
parts. 


ARTICLE 501 
Class I Locations 


I. General 

501.1 Scope. Article 501 covers the requirements for elec¬ 
trical and electronic equipment and wiring for all voltages 
in Class I, Division 1 and 2 locations where fire or explo- 


(b) Type MI cable terminated with fittings listed for the 
location. Type Ml cable shall be installed and supported in 
a manner to avoid tensile stress at the termination fittings. 

(c) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installa¬ 
tion, Type MC-HL cable listed for use in Class I, Zone 1 or 
Division 1 locations, with a gas/vaportight continuous cor¬ 
rugated metallic sheath, an overall jacket of suitable poly¬ 
meric material, and a separate equipment grounding con¬ 
ductors) in accordance with 250.122, and terminated with 
fittings listed for the application. 
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Type MC-HL cable shall be installed in accordance 
with the provisions of Article 330, Part II. 

(d) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installa¬ 
tion, Type ITC-HL cable listed for use in Class I, Zone 1 or 
Division 1 locations, with a gas/vaportight continuous cor¬ 
rugated metallic sheath and an overall jacket of suitable 
polymeric material, and terminated with fittings listed for 
the application, and installed in accordance with the provi¬ 
sions of Article 727. 

(e) Fiber optic cables of the types OFNP, OFCP, 


ated fittings shall be permitted. 

Where seals are required for boundary conditions as 
defined in 501.15(A)(4), the Division 1 wiring method 
shall extend into the Division 2 area to the seal, which 
shall be located on the Division 2 side of the Division 
1-Division 2 boundary. 

(7) Fiber optic cables of the types OFNP, OFCP, OFNR, 
OFCR, OFNG, OFCG, OFN, and OFC shall be permit¬ 
ted to be installed in cable trays or any other raceway 
as stated in 501.10(B). Fiber optic cables shall be 
sealed in accordance with 501.15. [ROP 14-37] 


OFNR, OFCR, OFNG, OFCG, OFN, and OFC shall be 
permitted to be installed in raceways as stated in 
501.10(A). These fiber optic cables shall be sealed in ac¬ 
cordance with 501.15. [ROP 14-32] 

(2) Flexible Connections. Where necessary to employ 
flexible connections, as at motor terminals, flexible fittings 
listed for the location, or flexible cord in accordance with 
the provisions of 501.140 shall be permitted. [ROP 14-35] 

(3) Boxes and Fittings. All boxes and fittings shall be 
approved for Class I, Division 1. 


Informational Note: For entry into enclosures requiri 
be explosionproof, see further information on construct? 
testing and marking of cables, explosionproof cable fittini 
and explosionproof cord connectors in AN$IflJL 222. 
2011, Cables and Cable-Fittings for UsM in Hazardous 
(Classified) Locations. [ROP 14—31] 

(B) Class I, Division 2. 

(1) General. In Class I, 

wiring methods shall be 

(1) All wiring methods 

(2) Enclosed gasketed 
wireways. 

(3) Type PLTC and Type PLTC 
with the provisions of Article 
tion in cable tray systems. The cable shall be termi¬ 
nated with listed fittings. 

(4) Type ITC and Type ITC-ER cable as permitted in 727.4 
and terminated with listed fittings. 




P(A). 
losed gasketed 


rcable in accordance 
including installa- 


(2) Flexible Connections. Where provision must be made 
for flexibility, one or more of the following shall be permit¬ 
ted: [ROP 14-37a] 

(1) Listed flexible metal fittings. 

(2) Flexible metal conduit with listed fittings. 

(3) Interlocked armor Type MC cable with listed fittings. 
OP 14-3 

Liquidtight flelfhk metal conduit with listed fittings, 
dtight flexible nonmetallic conduit with listed fit- 

gs- 

exible cord listed for extra-hard usage and terminated 
listed fittings. A conductor for use as an equipment 
nding conductor shall be included in the flexible 
brd. 

Informational Note: See 501.30(B) for grounding require¬ 
ments where flexible conduit is used. 

(7) For elevator use, an identified elevator cable, type EO, 
ETP, or ETT, and as shown under the “use” column in 
Table 400.4 for “Hazardous (classified) locations” and 
terminated with listed fittings. [ROP 14-37a] 

(3) Nonincendive Field Wiring. Nonincendive field wir¬ 
ing shall be permitted using any of the wiring methods 
permitted for unclassified locations. Nonincendive field 
wiring systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a nonincendive field 
wiring circuit, provided the simple apparatus does not in¬ 
terconnect the nonincendive field wiring circuit to any other 
circuit. 


(5) Type MC, MV, TC, or TC-ER cable, including instal¬ 
lation in cable tray systems. The cable shall be termi¬ 
nated with listed fittings. [ROP 14-36] 

(6) In industrial establishments with restricted public ac¬ 
cess, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the in¬ 
stallation and where metallic conduit does not provide 
sufficient corrosion resistance, listed reinforced thermo¬ 
setting resin conduit (RTRC), factory elbows, and as¬ 
sociated fittings, all marked with the suffix -XW, and 
Schedule 80 PVC conduit, factory elbows, and associ- 


Informational Note: Simple apparatus is defined in 504.2. 

Separate nonincendive field wiring circuits shall be in¬ 
stalled in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of each 
circuit are within a grounded metal shield 

(3) In multiconductor cables or in raceways, where the 
conductors of each circuit have insulation with a mini¬ 
mum thickness of 0.25 mm (0.01 in.) 
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(4) Boxes and Fittings. Boxes and fittings shall not be 
required to be explosionproof except as required by 
501.105(B)(1), 501.115(B)(1), and 501.150(B)(1). 

Informational Note: For entry into enclosures required to 
be explosionproof, see further information on construction, 
testing and marking of cables, explosionproof cable fittings, 
and explosionproof cord connectors in ANSI/UL 2225- 
2011, Cables and Cable-Fittings for Use in Hazardous 
(Classified) Locations. [ROP 14—3i] 


Exception to 501.15(A)(1)(1): Seals shall not be required 
for conduit entering an enclosure where such switches, cir¬ 
cuit breakers, fuses, relays, or resistors comply with one of 
the following: 

(1) Are enclosed within a chamber hermetically sealed 
against the entrance of gases or vapors 

(2) Are immersed in oil in accordance with 


501.15 Sealing and Drainage. Seals in conduit and cable 
systems shall comply with 501.15(A) through (F). Sealing 
compound shall be used in Type MI cable termination fit¬ 
tings to exclude moisture and other fluids from the cable 
insulation. 

Informational Note No. 1: Seals are provided in conduit 
and cable systems to minimize the passage of gases and 
vapors and prevent the passage of flames from one portion 
of the electrical installation to another through the conduit. 
Such communication through Type MI cable is inherently 
prevented by construction of the cable. Unless specifically 
designed and tested for the purpose, conduit and cable seals 
are not intended to prevent the passage of liquids, gases, or 
vapors at a continuous pressure differential across the seal. 
Even at differences in pressure across the seal equivalent to 
a few inches of water, there may be a slow passage of gas 
or vapor through a seal and through conductors passing 
through the seal. See 501.15(E)(2). Temperature extremes 
and highly corrosive liquids and vapors can affect the abil¬ 
ity of seals to perform their intended functia 
501.15(C)(2). 

Informational Note No. 2: Gas or vapoi 
propagation of flames may occur through tfi! 
between the strands of standard strandtyTfipnduc 
than 2 AWG. Special conductor conductions, 
compacted strands or sealing of Jhet-individua! 
means of reducing leakage and) preventing the propagatid! 
of flames. 

(A) Conduit Seals, Class I, Division 1. In,Class I, Divi¬ 
sion 1 locations, conduit seals shall be located in accor¬ 
dance with 501.15(A)(1) through (A)(4). 

(1) Entering Enclosures. In each conduit entry into an 
explosionproof enclosure where either of the following ap¬ 
ply: 



501.115(B)(1)(2) 

(3) Are enclosed within a factory-sealed explosionproof 
chamber located within the enclosure, identified for the 
location, and marked “factory sealed” or equivalent, 
unless the enclosure entry is metric designator 53 
(trade size 2) or larger 

(4) Are in nonincendive circuits 

Factory-sealed enclosures shall not be considered to 
serve as a seal for ?kther adjacent explosionproof enclo¬ 
sure thaj^prequired to have a conduit seal. 

seals shall be installed within 450 mm (18 in.) 
from the enclosure. Only explosionproof unions, couplings, 
reducers, elbows, capped elbows, and conduit bodies simi¬ 
lar to L, T, and Cross types that are not larger than the trade 
size of the conduit shall be permitted between the sealing 
ad the explosionproof enclosure. 

ressurized Enclosures. In each conduit entry into a 
fessurized enclosure where the conduit is not pressurized 
part of the protection system. Conduit seals shall be 
installed within 450 mm (18 in.) from the pressurized en¬ 
closure. 

Informational Note No. 1: Installing the seal as close as 
possible to the enclosure will reduce problems with purging 
the dead airspace in the pressurized conduit. 

Informational Note No. 2: For further information, see 
NFPA 496-2008, Standard for Purged and Pressurized En¬ 
closures for Electrical Equipment. 

(3) Two or More Explosionproof Enclosures. Where two 
or more explosionproof enclosures for which conduit seals 
are required under 501.15(A)(1) are connected by nipples 
or by runs of conduit not more than 900 mm (36 in.) long, 
a single conduit seal in each such nipple connection or run 


(1) The enclosure contains apparatus, such as switches, cir¬ 
cuit breakers, fuses, relays, or resistors, that may pro¬ 
duce arcs, sparks, or high temperatures that are consid¬ 
ered to be an ignition source in normal operation. 

(2) The entry is metric designator 53 (trade size 2) or 
larger and the enclosure contains terminals, splices, or 
taps. 

For the purposes of this section, high temperatures shall 
be considered to be any temperatures exceeding 80 percent 
of the autoignition temperature in degrees Celsius of the 
gas or vapor involved. 


of conduit shall be considered sufficient if located not more 
than 450 mm (18 in.) from either enclosure. 

(4) Class I, Division 1 Boundary. In each conduit run 
leaving a Class I, Division 1 location. The sealing fitting 
shall be permitted on either side of the boundary of such 
location within 3.05 m (10 ft) of the boundary and shall be 
designed and installed so as to minimize the amount of gas 
or vapor within the Division 1 portion of the conduit from 
being communicated to the conduit beyond the seal. Except 
for listed explosionproof reducers at the conduit seal, there 
shall be no union, coupling, box, or fitting between the 
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conduit seal and the point at which the conduit leaves the 
Division 1 location. 

Exception No. 1: Metal conduit that contains no unions, 
couplings, boxes, or fittings, and passes completely through 
a Class I, Division 1 location with no fittings less than 
300 mm (12 in.) beyond each boundary, shall not require a 
conduit seal if the termination points of the unbroken con¬ 
duit are in unclassified locations. 

Exception No. 2: For underground conduit installed in 
accordance with 300.5 where the boundary is below grade, 
the sealing fitting shall be permitted to be installed after the 
conduit emerges from below grade, but there shall be no 
union, coupling, box, or fitting, other than listed explosion- 
proof reducers at the sealing fitting, in the conduit between 
the sealing fitting and the point at which the conduit 
emerges from below grade. 

(B) Conduit Seals, Class I, Division 2. In Class I, Divi¬ 
sion 2 locations, conduit seals shall be located in accor¬ 
dance with 501.15(B)(1) and (B)(2). 

(1) Entering Enclosures. For connections to enclosures 
that are required to be explosionproof, a conduit seal shall 
be provided in accordance with 501.15(A)(l)(li^nd 
(A)(3). All portions of the conduit run or nipple between 
the seal and enclosure shall comply with 501.10(A). [ROP 
14-45] 

(2) Class I, Division 2 Boundary. 

passing from a Class I, Division 2 1 
sified location. The sealing fitting 
either side of the boundary of suthJocal 
(10 ft) of the boundary. Rj 
steel intermediate metal conduit 
sealing fitting and the point at which 



Juit ri 
unclas : 
Up’ 

vithin 3.05 m 
l^pr threaded 
tween the 
Diiduit leaves the 


Division 2 location, and a threaded connection shall be 
used at the sealing fitting. F.xclajkfor h sted reducers at the 
conduit seal, there shall be no uiiioiy coupling, box, or 
fitting between the conduit seal and the point at which the 
conduit leaves the Division 2 location. Conduits shall be 
sealed to minimize the amount of gas or vapor within the 
Division 2 portion of the conduit from being communicated 
to the conduit beyond the seal. Such seals shall not be 
required to be explosionproof but shall be identified for the 
purpose of minimizing passage of gases to the rate permit¬ 
ted for seal fittings [200 cm 3 /hr (0.007 ft 3 /hr) of air at a 
pressure of 1500 pascals (6 in. of water)] under normal 
operating conditions and shall be accessible. [ROP 14-46] 

Exception No. 1: Metal conduit that contains no unions, 
couplings, boxes, or fittings, and passes completely through 
a Class I, Division 2 location with no fittings less than 
300 mm (12 in.) beyond each boundary, shall not be re¬ 
quired to be sealed if the termination points of the unbroken 
conduit are in unclassified locations. 


Exception No. 2: Conduit systems terminating at an un¬ 
classified location where a wiring method transition is 
made to cable tray, cablebus, ventilated busway, Type Ml 
cable, or cable not installed in any cable tray or raceway 
system shall not be required to be sealed where passing 
from the Class I, Division 2 location into the unclassified 
location. The unclassified location shall be outdoors or, if 
the conduit system is all in one room, it shall be permitted 
to be indoors. The conduits shall not terminate at an enclo¬ 
sure containing an ignition source in normal operation. 

Exception No. 3: Conduit systems passing from an enclo¬ 
sure or room that is unclassified as a result of pressuriza¬ 
tion into a Class I, Division 2 location shall not require a 
seal at the boundary. 

Informational Note: For further information, refer to 
NFPA 496-2008, Standard for Purged and Pressurized En¬ 
closures for Jslectrical Equipment. 

Excgfiiton Nix 4: Segments of aboveground conduit systems 
’ not be required to be sealed where passing from a 
I, Division 2 location into an unclassified location if 
ffollowing conditions are met: 



'art of the conduit system segment passes through a 
I, Division 1 location where the conduit contains 
ions, couplings, boxes, or fittings within 300 mm 
(12 in.) of the Class I, Division 1 location. 

(2) The conduit system segment is located entirely in out¬ 
door locations. 

(3) The conduit system segment is not directly connected to 
canned pumps, process or service connections for flow, 
pressure, or analysis measurement, and so forth, that 
depend on a single compression seal, diaphragm, or 
tube to prevent flammable or combustible fluids from 
entering the conduit system. 

(4) The conduit system segment contains only threaded 
metal conduit, unions, couplings, conduit bodies, and 
fittings in the unclassified location. 

(5) The conduit system segment is sealed at its entry to 
each enclosure or fitting housing terminals, splices, or 
taps in Class I, Division 2 locations. 

(C) Class I, Divisions 1 and 2. Seals installed in Class I, 
Division 1 and Division 2 locations shall comply with 
501.15(C)(1) through (C)(6). 

Exception: Seals not required to be explosionproof by 
501.15(B)(2) or 504.70. 

(1) Fittings. Enclosures for connections or equipment shall 
be provided with an integral means for sealing, or sealing 
fittings listed for the location shall be used. Sealing fittings 
shall be listed for use with one or more specific compounds 
and shall be accessible. 
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(2) Compound. The compound shall provide a seal against 
passage of gas or vapors through the seal fitting, shall not 
be affected by the surrounding atmosphere or liquids, and 
shall not have a melting point of less than 93°C (200°F). 

(3) Thickness of Compounds. Except for listed cable 
sealing fittings, the thickness of the sealing compound in a 
completed seal shall not be less than the metric designator 
(trade size) of the sealing fitting expressed in the units of 
measurement employed, and in no case less than 16 mm ( 5 /s 
in). 

(4) Splices and Taps. Splices and taps shall not be made in 
fittings intended only for sealing with compound, nor shall 
other fittings in which splices or taps are made be filled 
with compound. 

(5) Assemblies. In an assembly where equipment that may 
produce arcs, sparks, or high temperatures is located in a 
compartment separate from the compartment containing 
splices or taps, and an integral seal is provided where con¬ 
ductors pass from one compartment to the other, the entire 
assembly shall be identified for the location. Seals in con¬ 
duit connections to the compartment containing splices or 
taps shall be provided in Class I, Division 1 locations 
where required by 501.15(A)(1)(2). 

(6) Conductor or Optical Fiber Fill. The cross-sectional 
area of the conductors or optical fiber tubes (m etallic or 
nonmetallic) permitted in a seal shall not exceed 25 percent 
of the cross-sectional area of a rigid metal conduit of the 
same trade size unless it is specifically identified 
higher percentage of fill. [ROP 14-48] 


(D) Cable Seals, Class I, Divisio 

locations, cable seals shall 
501.15(D)(1) through (D)(3). 


^ i ClasgJ, I)& on 1 
located accord ^to 



(1) At Terminations. Cable shall he scaled at all termina¬ 
tions. The sealing fitting shall comply with 501.15(C). Mul¬ 
ticonductor Type MC-HL cables with a gas/vaportight con¬ 
tinuous corrugated metallic sheath and an overall jacket of 
suitable polymeric material shall be sealed with a listed 
fitting after removing the jacket and any other covering so 
that the sealing compound surrounds each individual insu¬ 
lated conductor in such a manner as to minimize the pas¬ 
sage of gases and vapors. 

Exception: Shielded cables and twisted pair cables shall 
not require the removal of the shielding material or sepa¬ 
ration of the twisted pairs, provided the termination is by 
an approved means to minimize the entrance of gases or 
vapors and prevent propagation of flame into the cable 
core. 

(2) Cables Capable of Transmitting Gases or Vapors. 

Cables in conduit with a gas/vaportight continuous sheath 
capable of transmitting gases or vapors through the cable 


core shall be sealed in the Division 1 location after remov¬ 
ing the jacket and any other coverings so that the sealing 
compound will surround each individual insulated conduc¬ 
tor or optical fiber tube and the outer jacket. [ROP 14-49] 

Exception: Multiconductor cables with a gas/vaportight 
continuous sheath capable of transmitting gases or vapors 
through the cable core shall be permitted to be considered 
as a single conductor by sealing the cable in the conduit 
within 450 mm (18 in.) of the enclosure and the cable end 
within the enclosure by an approved means to minimize the 
entrance of gases or vapors and prevent the propagation of 
flame into the cable core, or by other approved methods. 
For shielded cables and twisted pair cables, it shall not be 
required to remove the shielding material or separate the 
twisted pair. » 

(3) Cables Incapable of Transmitting Gases or Vapors. 

Each multiconductor cable in conduit shall be considered as 
a single conductor if the cable is incapable of transmitting 
gases or vapors through the cable core. These cables shall 
be sealed in accordance with 501.15(A). 

i, Class I, Division 2. In Class I, Division 2 
seals shall be located in accordance with 
through (E)(4). 




ns. Cables entering enclosures that are re- 
explosionproof shall be sealed at the point of 
trance. The sealing fitting shall comply with 
.15(B)(1) or be explosionproof. Multiconductor or op- 
1 multifiber cables with a gas/vaportight continuous 
iheath capable of transmitting gases or vapors through the 
cable core shall be sealed in a listed fitting in the Division 
2 location after removing the jacket and any other cover¬ 
ings so that the sealing compound surrounds each indi¬ 
vidual insulated conductor or optical fiber tube in such a 
manner as to minimize the passage of gases and vapors. 
Multiconductor or optical multifiber cables in conduit shall 
be sealed as described in 501.15(D). [ROP 14-50, ROP 
14-51] 

Exception No. 1: Cables passing from an enclosure or 
room that is unclassified as a result of Type Z pressuriza¬ 
tion into a Class I, Division 2 location shall not require a 
seal at the boundary. 

Exception No. 2: Shielded cables and twisted pair cables 
shall not require the removal of the shielding material or 
separation of the twisted pairs, provided the termination is 
by an approved means to minimize the entrance of gases or 
vapors and prevent propagation of flame into the cable 
core. 

(2) Cables That Do Not Transmit Gases or Vapors. 

Cables that have a gas/vaportight continuous sheath and do 
not transmit gases or vapors through the cable core in ex¬ 
cess of the quantity permitted for seal fittings shall not be 
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required to be sealed except as required in 501.15(E)(1). 
The minimum length of such cable run shall not be less 
than that length that limits gas or vapor flow through the 
cable core to the rate permitted for seal fittings [200 cm 3 /hr 
(0.007 ft 3 /hr) of air at a pressure of 1500 pascals (6 in. of 
water)]. 

Informational Note: The cable core does not include the 
interstices of the conductor strands. 

(3) Cables Capable of Transmitting Gases or Vapors. 

Cables with a gas/vaportight continuous sheath capable of 
transmitting gases or vapors through the cable core shall 
not be required to be sealed except as required in 
501.15(E)(1), unless the cable is attached to process equip¬ 
ment or devices that may cause a pressure in excess of 
1500 pascals (6 in. of water) to be exerted at a cable end, in 
which case a seal, barrier, or other means shall be provided 
to prevent migration of flammables into an unclassified lo¬ 
cation. 

Exception: Cables with an unbroken gas/vaportight con¬ 
tinuous sheath shall be permitted to pass through a Class I, 
Division 2 location without seals. 

(4) Cables Without Gas/Vaportight Sheath. Cables that 
do not have gas/vaportight continuous sheath s 
sealed at the boundary of the Division 2 and uncla: 
location in such a manner as to minimize the passai 
gases or vapors into an unclassified locatii 


(F) Drainage. 

(1) Control Equipment. Where theri 
liquid or other condensed varpMjiay 
enclosures for control equipmen 
raceway system, approved means shal 
vent accumulation or to^Kmit period! 
liquid or condensed vapor. 



within 
?int in the 
Sd to pre- 
iraining of such 


(2) Motors and Generators. Where liquid or condensed 
vapor may accumulate within motws or generators, joints 
and conduit systems shall be arranged to minimize the en¬ 
trance of liquid. If means to prevent accumulation or to 
permit periodic draining are necessary, such means shall be 
provided at the time of manufacture and shall be considered 
an integral part of the machine. [ROP 14-52] 



capable of transmitting fluids, shall be provided with an 
additional means to mitigate a single process seal failure. 
The additional means may include, but is not limited to the 
following: 

(1) A suitable barrier meeting the process temperature and 
pressure conditions that the barrier will be subjected to 
upon failure of the single process seal. There shall be a 
vent or drain between the single process seal and the 
suitable barrier. Indication of the single process seal 
failure shall be provided by visible leakage, an audible 
whistle, or other means of monitoring. 

(2) A listed Type MI cable assembly, rated at not less than 
125 percent of the process pressure and not less than 
125 percent of the maximum process temperature (in 
degrees Celsius), installed between the cable or conduit 
and the single process seal. 

(3) A drain or vent located between the single process seal 
and a conduit or cable seal. The drain or vent shall be 

fhciently^iized to prevent overpressuring the conduit 
or cable seal above 6 in. water column (1493 Pa). In- 
,on of the single process seal failure shall be pro- 
by visible leakage, an audible whistle, or other 
eans of monitoring. 

add-on secondary seal marked “Secondary Seal” 
and rated for the pressure and temperature conditions 
t it will be subjected to upon failure of the single 
process seal. [ROP 14-54] 

Process-connected electrical equipment that does not 
rely on a single process seal or is listed and marked “single 
seal” or “dual seal” shall not be required to be provided 
with an additional means of sealing. 

Informational Note: For construction and testing require¬ 
ments for process sealing for listed and marked “single 
seal,” “dual seal,” or “secondary seal” equipment, refer to 
ANSI/ISA-12.27.01-2011, Requirements for Process Seal¬ 
ing Between Electrical Systems and Flammable or Com¬ 
bustible Process Fluids. [ROP 14-54, ROP 14-55] 

501.20 Conductor Insulation, Class I, Divisions 1 and 2. 

Where condensed vapors or liquids may collect on, or come 
in contact with, the insulation on conductors, such insula¬ 
tion shall be of a type identified for use under such condi¬ 
tions; or the insulation shall be protected by a sheath of 
lead or by other approved means. 



501.17 Process Sealing. This section shall apply to 
process-connected equipment, which includes, but is not 
limited to, canned pumps, submersible pumps, flow, pres¬ 
sure, temperature, or analysis measurement instruments. A 
process seal is a device to prevent the migration of process 
fluids from the designed containment into the external elec¬ 
trical system. Process connected electrical equipment that 
incorporates a single process seal, such as a single com¬ 
pression seal, diaphragm, or tube to prevent flammable or 
combustible fluids from entering a conduit or cable system 


501.25 Uninsulated Exposed Parts, Class I, Divisions 1 

and 2. There shall be no uninsulated exposed parts, such as 
electrical conductors, buses, terminals, or components, that 
operate at more than 30 volts (15 volts in wet locations). 
These parts shall additionally be protected by a protection 
technique according to 500.7(E), (F), or (G) that is suitable 
for the location. 

501.30 Grounding and Bonding, Class I, Divisions 1 

and 2. Wiring and equipment in Class I, Division 1 and 2 
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locations shall be grounded as specified in Article 250 and 
in accordance with the requirements of 501.30(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways, fittings, 
boxes, enclosures, and so forth between Class 1 locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 


(1) Containing Liquid That Will Burn. Transformers and 
capacitors containing a liquid that will burn shall be in¬ 
stalled only in vaults that comply with 450.41 through 
450.48 and with (1) through (4) as follows: 

(1) There shall be no door or other communicating opening 
between the vault and the Division 1 location. 

(2) Ample ventilation shall be provided for the continuous 
removal of flammable gases or vapors. 

(3) Vent openings or ducts shall lead to a safe location 
outside of buildings. 


Exception: The specific bonding means shall be required 
only to the nearest point where the grounded circuit con¬ 
ductor and the grounding electrode are connected together 
on the line side of the building or structure disconnecting 
means as specified in 250.32(B), provided the branch- 
circuit overcurrent protection is located on the load side of 
the disconnecting means. 

[ROP 14-56a] 

(B) Types of Equipment Grounding Conductors. Flex¬ 
ible metal conduit and liquidtight flexible metal conduit 
shall include an equipment bonding jumper of the wire type 
in compliance with 250.102. 

Exception: In Class I, Division 2 locations, the bonding 
jumper shall be permitted to be deleted where all of the 
following conditions are met: 


(1) Listed liquidtight flexible metal conduit 
less in length, with fittings listed for gro* 

(2) Overcurrent protection in the circuit is limit, 
amperes or less. 

(3) The load is not a power utili: 

501.35 Surge Protection. 

(A) Class I, Division 1. Surge arrears, surgft-protective 
devices, and capacitors shall be installed in enclosures 
identified for Class I, Division 1 locations. Surge-protective 
capacitors shall be of a type designed for specific duty. 



(4) Vent ducts and openings shall be of sufficient area to 
relieve explosion pressures within the vault, and all 
portions of vent ducts within the buildings shall be of 
reinforced concrete construction. 


(2) Not Contain! 

ers and capaciti 
shall be installed 
or be identified for 




iquid That Will Burn. Transform- 
do not contain a liquid that will bum 
complying with 501.100(A)(1) 
1 locations. 


(B) Class I, Division 2. In Class I, Division 2 locations, 
transformers «h 11 comply with 450.21 through 450.27, and 
caplufitors shall comply with 460.2 through 460.28. 

rs. Instruments, and Relays. 

ivision 1. In Class I, Division 1 locations, 
ruments, and relays, including kilowatt-hour 
instrument transformers, resistors, rectifiers, and 
rmionic tubes, shall be provided with enclosures identi- 
for Class I, Division 1 locations. Enclosures for Class 
Division 1 locations include explosionproof enclosures 
and purged and pressurized enclosures. 

Informational Note: See NFPA 496-2008, Standard for 
Purged and Pressurized Enclosures for Electrical 
Equipment. 

(B) Class I, Division 2. In Class I, Division 2 locations, 
meters, instruments, and relays shall comply with 
501.105(B)(1) through (B)(6). 


(B) Class I, Division 2. Surge arresters and surge- 
protective devices shall be nonarcing, such as metal-oxide 
varistor (MOV) sealed type, and surge-protective capacitors 
shall be of a type designed for specific duty. Enclosures 
shall be permitted to be of the general-purpose type. Surge 
protection of types other than described in this paragraph 
shall be installed in enclosures identified for Class I, Divi¬ 
sion 1 locations. [ROP 14-59] 


(1) Contacts. Switches, circuit breakers, and make-and- 
break contacts of pushbuttons, relays, alarm bells, and 
horns shall have enclosures identified for Class I, Division 
1 locations in accordance with 501.105(A). 

Exception: General-purpose enclosures shall be permitted 
if current-interrupting contacts comply with one of the fol¬ 
lowing: 


III. Equipment 

501.100 Transformers and Capacitors. 

(A) Class I, Division 1. In Class I, Division 1 locations, 
transformers and capacitors shall comply with 
501.100(A)(1) and (A)(2). 


(1) Are immersed in oil 

(2) Are enclosed within a chamber that is hermetically 
sealed against the entrance of gases or vapors 

(3) Are in nonincendive circuits 

(4) Are listed for Division 2 
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(2) Resistors and Similar Equipment. Resistors, resis¬ 
tance devices, thermionic tubes, rectifiers, and similar 
equipment that are used in or in connection with meters, 
instruments, and relays shall comply with 501.105(A). 


(4) Only necessary receptacles are provided. 

(5) The receptacle carries a label warning against unplug¬ 
ging under load. 


Exception: General-purpose-type enclosures shall be per¬ 
mitted if such equipment is without make-and-break or slid¬ 
ing contacts [other than as provided in 501.105(B)(1)] and 
if the maximum operating temperature of any exposed sur¬ 
face will not exceed 80 percent of the autoignition tempera¬ 
ture in degrees Celsius of the gas or vapor involved or has 
been tested and found incapable of igniting the gas or va¬ 
por. This exception shall not apply to thermionic tubes. 
[ROP 14-60] 


501.115 Switches, Circuit Breakers, Motor Controllers, 
and Fuses. 

(A) Class I, Division 1. In Class I, Division 1 locations, 
switches, circuit breakers, motor controllers, and fuses, in¬ 
cluding pushbuttons, relays, and similar devices, shall be 
provided with enclosures, and the enclosure in each case, 
together with the enclosed apparatus, shall be identified as a 
complete assembly for use in Class I locations. 


(3) Without Make-or-Break Contacts. Transformer 
windings, impedance coils, solenoids, and other windings 
that do not incorporate sliding or make-or-break contacts 
shall be provided with enclosures. General-purpose-type 
enclosures shall be permitted. 

(4) General-Purpose Assemblies. Where an assembly is 
made up of components for which general-purpose enclo¬ 
sures are acceptable as provided in 501.105(B)(1), (B)(2), 
and (B)(3), a single general-purpose enclosure shall be ac¬ 
ceptable for the assembly. Where such an asseml 
eludes any of the equipment described in 501.105 
the maximum obtainable surface temperature of any con 
ponent of the assembly shall be clearly and permanent 
indicated on the outside of the enclosure. Alternative 
equipment shall be permitted to be marked to indicate thi 
temperature class for which it is suitable, ug| 
perature class (T Code) of Table 500.8 

(5) Fuses. Where general-jjufpose elMo&ure: 
in 501.105(B)(1) through (1^(4), fuses for oven 
tection of instrument circuits mot subject to overloading in 
normal use shall be permitted to be mounted in general- 
purpose enclosures if each such fuse is preceded by a 
switch complying with 501.105(B 




emitted 
rrent pro- 


IB) Class I, Division 2. Switches, circuit breakers, motor 
controllers, and fuses in Class I, Division 2 locations shall 
comply wifij 501.115(B)(1) through (B)(4). 

(1) Type Required. Circuit breakers, motor controllers, 
pitches intended to interrupt current in the normal 
mance of' the function for which they are installed 
till be provided with enclosures identified for Class I, 
►1 locations in accordance with 501.105(A), unless 
purpose enclosures are provided and any of the fol- 
g apply: 

(1) ' i| ljfeie interruption of current occurs within a chamber 
hermetically sealed against the entrance of gases and 

pors. 

(2) The current make-and-break contacts are oil-immersed 
and of the general-purpose type having a 50-mm (2-in.) 
minimum immersion for power contacts and a 25-mm 
(1-in.) minimum immersion for control contacts. 

(3) The interruption of current occurs within a factory- 
sealed explosionproof chamber. 

(4) The device is a solid state, switching control without 
contacts, where the surface temperature does not ex¬ 
ceed 80 percent of the autoignition temperature in de¬ 
grees Celsius of the gas or vapor involved. [ROP 
14-63] 


(6) Connections. To facilitate replacements, process con¬ 
trol instruments shall be permitted to be connected through 
flexible cord, attachment plug, and receptacle, provided all 
of the following conditions apply: 

(1) A switch complying with 501.105(B)(1) is provided so 
that the attachment plug is not depended on to interrupt 
current, unless the circuit is nonincendive field wiring, 
in which case the switch is not required. [ROP 14-62] 

(2) The current does not exceed 3 amperes at 120 volts, 
nominal. 

(3) The power-supply cord does not exceed 900 mm (3 ft), 
is of a type listed for extra-hard usage or for hard usage 
if protected by location, and is supplied through an 
attachment plug and receptacle of the locking and 
grounding type. 


(2) Isolating Switches. Fused or unfused disconnect and 
isolating switches for transformers or capacitor banks that 
are not intended to interrupt current in the normal perfor¬ 
mance of the function for which they are installed shall be 
permitted to be installed in general-purpose enclosures. 

(3) Fuses. For the protection of motors, appliances, and 
lamps, other than as provided in 501.115(B)(4), standard 
plug or cartridge fuses shall be permitted, provided they are 
placed within enclosures identified for the location; or fuses 
shall be permitted if they are within general-purpose enclo¬ 
sures, and if they are of a type in which the operating 
element is immersed in oil or other approved liquid, or the 
operating element is enclosed within a chamber hermeti¬ 
cally sealed against the entrance of gases and vapors, or the 
fuse is a nonindicating, filled, current-limiting type. 
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(4) Fuses Internal to Luminaires. Listed cartridge fuses 
shall be permitted as supplementary protection within lumi- 


501.120 Control Transformers and Resistors. Trans¬ 
formers, impedance coils, and resistors used as, or in con¬ 
junction with, control equipment for motors, generators, 
and appliances shall comply with 501.120(A) and (B). 

(A) Class I, Division 1. In Class I, Division 1 locations, 
transformers, impedance coils, and resistors, together with 
any switching mechanism associated with them, shall be 
provided with enclosures identified for Class I, Division 1 
locations in accordance with 501.105(A). 

(B) Class I, Division 2. In Class I, Division 2 locations, 
control transformers and resistors shall comply with 
501.120(B)(1) through (B)(3). 

(1) Switching Mechanisms. Switching mechanisms used 
in conjunction with transformers, impedance coils, and re¬ 
sistors shall comply with 501.115(B). 

(2) Coils and Windings. Enclosures for windings of trans¬ 
formers, solenoids, or impedance coils shall be permitted to 
be of the general-purpose type. 

(3) Resistors. Resistors shall be provided with enclosures; 
and the assembly shall be identified for Class I locations, 
unless resistance is nonvariable and maximum operating 
temperature, in degrees Celsius, will not exceed 80 percent 
of the autoignition temperature of the gas or vapor i 
or has been tested and found incapable of ign 
or vapor. [ROP 14-64] 


501.125 Motors and General 



tviston jpocations, 
ctrieali'machinery 


(A) Class I, Division 1. In Clas 
motors, generators, and other rotatin' 
shall be one of the following: 

(1) Identified for Class I, Division 1 locations 

(2) Of the totally enclosed type supplied with positive- 
pressure ventilation from a source of clean air with 
discharge to a safe area, so arranged to prevent ener¬ 
gizing of the machine until ventilation has been estab¬ 
lished and the enclosure has been purged with at least 
10 volumes of air, and also arranged to automatically 
de-energize the equipment when the air supply fails 


in a gas or vapor at a pressure greater than atmospheric 
and that is flammable only when mixed with air; and 
the machine is so arranged to prevent energizing it until 
it has been purged with the liquid or gas to exclude air, 
and also arranged to automatically de-energize the 
equipment when the supply of liquid or gas or vapor 
fails or the pressure is reduced to atmospheric 

Totally enclosed motors of the types specified in 
501.125(A)(2) or (A)(3) shall have no external surface with 
an operating temperature in degrees Celsius in excess of 
80 percent of the autoignition temperature of the gas or 
vapor involved. Appropriate devices shall be provided to 
detect and automatically de-energize the motor or provide 
an adequate alarm if there is any increase in temperature of 
the motor beyond designed limits. Auxiliary equipment 
shall be of a type identified for the location in which it is 
installed. [ROji^7] 

[ROP 14-66 

Division 2. In Class I, Division 2 locations, 
prs, and other rotating electrical machinery 
ployed sliding contacts, centrifugal or other 
Itching mechanism (including motor overcur¬ 
ing, and overtemperature devices), or integral 
es, either while starting or while running, 
ed for Class I, Division 1 locations, unless 
contacts, switching mechanisms, and resis- 
devices are provided with enclosures identified for 
ss I, Division 2 locations in accordance with 
.105(B). The exposed surface of space heaters used to 
'prevent condensation of moisture during shutdown periods 
shall not exceed 80 percent of the autoignition temperature 
in degrees Celsius of the gas or vapor involved when oper¬ 
ated at rated voltage, and the maximum space heater sur¬ 
face temperature [based on a 40°C or higher marked ambi¬ 
ent] shall be permanently marked on a visible nameplate 
mounted on the motor. Otherwise, space heaters shall be 
identified for Class I, Division 2 locations. In Class I, Di¬ 
vision 2 locations, the installation of open or nonexplosion- 
proof enclosed motors, such as squirrel-cage induction mo¬ 
tors without brushes, switching mechanisms, or similar arc- 
producing devices that are not identified for use in a Class 
I, Division 2 location, shall be permitted. [ROP 14-68] 

Informational Note No. 1: It is important to consider the 
temperature of internal and external surfaces that may be 
exposed to the flammable atmosphere. 


(3) Of the totally enclosed inert gas-filled type supplied 
with a suitable reliable source of inert gas for pressur¬ 
izing the enclosure, with devices provided to ensure a 
positive pressure in the enclosure and arranged to au¬ 
tomatically de-energize the equipment when the gas 
supply fails 

(4) Of a type designed to be submerged in a liquid that is 
flammable only when vaporized and mixed with air, or 


Informational Note No. 2: It is important to consider the 
risk of ignition due to currents arcing across discontinuities 
and overheating of parts in multisection enclosures of large 
motors and generators. Such motors and generators may 
need equipotential bonding jumpers across joints in the en¬ 
closure and from enclosure to ground. Where the presence 
of ignitible gases or vapors is suspected, clean-air purging 
may be needed immediately prior to and during start-up 
periods. 
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Informational Note No. 3: For further information on the 
application of electric motors in Class I, Division 2 hazard¬ 
ous (classified) locations, see IEEE Std. 1349-2011, IEEE 
Guide for the Application of Electric Motors in Class I, 
Division 2 and Class I, Zone 2 Hazardous (Classified) Lo¬ 
cations. [ROP 14-69, ROP 14-70] 


ture in degrees Celsius of the gas or vapor involved, lumi¬ 
naires shall comply with 501.130(A)(1) or shall be of a 
type that has been tested in order to determine the marked 
operating temperature or temperature class (T Code). [ROP 
14-71] 


Informational Note No. 4: For reciprocating engine driven 
generators, compressors, and other equipment installed in 
Class I Division 2 locations, it is important to consider the 
risk of ignition of flammable materials associated with fuel, 
starting, compression, etc. that may be present due to inad¬ 
vertent release or equipment malfunction by the engine ig¬ 
nition system and controls. For further information on the 
requirements for ignition systems for reciprocating engines 
installed in Class I Division 2 hazardous (classified) loca¬ 
tions, see ANSI/ISA-12.20.01-2009, General Requirements 
for Electrical Ignition Systems for Internal Combustion En¬ 
gines in Class I, Division 2 or Zone 2, Hazardous (Classi¬ 
fied) Locations. [ROP 14-66] 

501.130 Luminaires. Luminaires shall comply with 
501.130(A) or (B). 

(A) Class I, Division 1. In Class I, Division 1 locations, 
luminaires shall comply with 501.130(A)(1) through 
(A)(4). 

(1) Luminaires. Each luminaire shall be identified as a 
complete assembly for the Class I, Division 1 location and 
shall be clearly marked to indicate the maximum wattage of 
lamps for which it is identified. Luminaires intended'for 
portable use shall be specifically listed^as a complete 
sembly for that use. 

(2) Physical Damage. Each luminai 
against physical damage by a suitable gu; 

(3) Pendant Luminaires. Pendant luminaires shall be sus¬ 
pended by and supplied through threaded rigid metal con¬ 
duit stems or threaded steeninlermediate conduit stems, and 
threaded joints shall be provided withfspt-screws or other 
effective means to prevent loosemfi^por stems longer than 
300 mm (12 in.), permanent and effective bracing against 
lateral displacement shall be provided at a level not more 
than 300 mm (12 in.) above the lower end of the stem, or 
flexibility in the form of a fitting or flexible connector iden¬ 
tified for the Class I, Division 1 location shall be provided 
not more than 300 mm (12 in.) from the point of attachment 
to the supporting box or fitting. 

(4) Supports. Boxes, box assemblies, or fittings used for 
the support of luminaires shall be identified for Class I 
locations. 



(2) Physical Damage. Luminaires shall be protected from 
physical damage by suitable guards or by location. Where 
there is danger that falling sparks or hot metal from lamps 
or luminaires might ignite localized concentrations of flam¬ 
mable vapors or gases, suitable enclosures or other effec¬ 
tive protective means shall be provided. 

(3) Pendant Luminaires. Pendant luminaires shall be sus¬ 
pended by threaded rigid metal conduit stems, threaded 
steel intermediate metal conduit stems, or other approved 
means. For rigjfl stems longer than 300 mm (12 in.), per¬ 
manent and effective bracing against lateral displacement 
shall be provided at a level not more than 300 mm (12 in.) 
abQ&e^the lower end of the stem, or flexibility in the form 

identified fitting or flexible connector shall be pro¬ 
dded not more tha^pBOO mm (12 in.) from the point of 
^attachment to the supporting box or fitting. 

4) Portable Lighting Equipment. Portable lighting 
equqpaent shall comply with 501.130(A)(1). 

)tion: Where portable lighting equipment is mounted 
on Tnovable stands and is connected by flexible cords, as 
covered in 501.140, it shall be permitted, where mounted in 
any position, if it conforms to 501.130(B)(2). 

(5) Switches. Switches that are a part of an assembled 
fixture or of an individual lampholder shall comply with 
501.115(B)(1). 

(6) Starting Equipment. Starting and control equipment 
for electric-discharge lamps shall comply with 501.120(B). 

Exception: A thermal protector potted into a thermally 
protected fluorescent lamp ballast if the luminaire is iden¬ 
tified for the location. 

501.135 Utilization Equipment. 

(A) Class I, Division 1. In Class I, Division 1 locations, all 
utilization equipment shall be identified for Class I, Divi¬ 
sion 1 locations. 

(B) Class I, Division 2. In Class I, Division 2 locations, all 
utilization equipment shall comply with 501.135(B)(1) 
through (B)(3). 


(B) Class I, Division 2. In Class I, Division 2 locations, 
luminaires shall comply with 501.130(B)(1) through (B)(6). 

(1) Luminaires. Where lamps are of a size or type that 
may, under normal operating conditions, reach surface tem¬ 
peratures exceeding 80 percent of the autoignition tempera- 


(1) Heaters. Electrically heated utilization equipment shall 
conform with either item (1) or item (2): 

(1) The heater shall not exceed 80 percent of the autoigni¬ 
tion temperature in degrees Celsius of the gas or vapor 
involved on any surface that is exposed to the gas or 
vapor when continuously energized at the maximum 
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rated ambient temperature. If a temperature controller 
is not provided, these conditions shall apply when the 
heater is operated at 120 percent of rated voltage. 

[ROP 14-73] 

Exception No. 1: For motor-mounted anticondensation 
space heaters, see 501.125. 

Exception No. 2: Where a current-limiting device is ap¬ 
plied to the circuit serving the heater to limit the current in 
the heater to a value less than that required to raise the 
heater surface temperature to 80 percent of the autoignition 
temperature. [ROP 14-74] 

(2) The heater shall be identified for Class I, Division 1 
locations. 

Exception to (2): Electrical resistance heat tracing identi¬ 
fied for Class /, Division 2 locations. 

(2) Motors. Motors of motor-driven utilization equipment 
shall comply with 501.125(B). 

(3) Switches, Circuit Breakers, and Fuses. Switches, cir¬ 
cuit breakers, and fuses shall comply with 501.115(B). 

501.140 Flexible Cords, Class I, Divisions 1 and 2. 

(A) Permitted Uses. Flexible cord shall be permitted: 

(1) For connection between portable lighting equipment or' 
other portable utilization equipment and the fixed por¬ 
tion of their supply circuit. The flexible cord shall be 
attached to the utilization equipment with a cord 
nector listed for the protection technique 
ment wiring compartment. An attach 
cordance with 501.140(B)(4) shall be 
14-75] 

(2) For that portion of the circuit where the fixed'-IS ng 
methods of 501.10(A) cannot provide the liwessar 
gree of movement for fixed and mobile electrical utili¬ 
zation equipment, and the flexible cord is protected by 
location or by a suitable guard from damage and only 
in an industrial establishment whelir conditions of 
maintenance and engineering supervision ensure that 
only qualified persons install and service the installa¬ 
tion. 



(1) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 
400.23 

(3) Be supported by clamps or by other suitable means in 
such a manner that there is no tension on the terminal 
connections 

(4) In Division 1 locations or in Division 2 locations where 
the boxes, fittings, or enclosures are required to be ex- 
plosionproof, the cord shall be terminated with a cord 
connector or attachment plug listed for the location or a 
listed cord connector installed with a seal listed for the 
location. In Division 2 locations where explosionproof 
equipment is not required, the cord shall be terminated 
with a listed coi^con nector or listed attachment plug. 
[ROP 14-761 

(5) Be of continuous length. Where 501.140(A)(5) is ap¬ 
plied, omo's shall be of continuous length from the 
power source to the temporary portable assembly and 
fronrthe temporary portable assembly to the utilization 

fuipmen 

Informational Note: See 501.20 for flexible cords exposed 
to liquids having a deleterious effect on the conductor 
insulation 


501.145 Receptacles and Attachment Plugs, Class I, Di¬ 
xons 1 and 2. [ROP 14-77] 

Receptacles.. Receptacles shall be part of the premises 
iring, except as permitted by 501.140(A)(5). 

(B) Attachment Plugs . Attachment plugs shall be of the 
type providing for connection to the equipment grounding 
conductor of a flexible cord and shall be identified for the 
location. 


Exception: Receptacles and attachment plugs as provided 
in 501.105(B)(6). 

501.150 Signaling, Alarm, Remote-Control, and Com¬ 
munications Systems. 



(3) For electric submersible pumps with means for re¬ 
moval without entering the wet-pit. The extension of 
the flexible cord within a suitable raceway between the 
wet-pit and the power source shall be permitted. 

(4) For electric mixers intended for travel into and out of 
open-type mixing tanks or vats. 

(5) For temporary portable assemblies consisting of recep¬ 
tacles, switches, and other devices that are not consid¬ 
ered portable utilization equipment but are individually 
listed for the location. 


(A) Class I, Division 1. In Class I, Division 1 locations, all 
apparatus and equipment of signaling, alarm, remote- 
control, and communications systems, regardless of volt¬ 
age, shall be identified for Class I, Division 1 locations, and 
all wiring shall comply with 501.10(A), 501.15(A), and 
501.15(C). 

(B) Class I, Division 2. In Class I, Division 2 locations, 
signaling, alarm, remote-control, and communications sys¬ 
tems shall comply with 501.150(B)(1) through (B)(4). 


(B) Installation. Where flexible cords are used, the cords (1) Contacts. Switches, circuit breakers, and make-and- 
shall comply with all of the following: break contacts of pushbuttons, relays, alarm bells, and 
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horns shall have enclosures identified for Class I, Division 
1 locations in accordance with 501.105(A). 

Exception: General-purpose enclosures shall be permitted 
if current-interrupting contacts are one of the following: 

(1) Immersed in oil 

(2) Enclosed within a chamber hermetically sealed against 
the entrance of gases or vapors 

(3) In nonincendive circuits 

(4) Part of a listed nonincendive component 

(2) Resistors and Similar Equipment. Resistors, resis¬ 
tance devices, thermionic tubes, rectifiers, and similar 
equipment shall comply with 501.105(B)(2). 

(3) Protectors. Enclosures shall be provided for lightning 
protective devices and for fuses. Such enclosures shall be 
permitted to be of the general-purpose type. 

(4) Wiring and Sealing. All wiring shall comply with 
501.10(B), 501.15(B), and 501.15(C). 


ARTICLE 502 
Class II Locations 


I. General 

502.1 Scope. Article 502 covers the rl 
trical and electronic equipment and win 
in Class II, Division 1 and 2 local ion s 
sion hazards may exist due to combus 



voltages 
or explo- 


502.5 Explosionproof Equipment. Explosionproof equip¬ 
ment and wiring shall not b^^tauired and shall not be 
acceptable in Class II locations unlfis also identified for 
such locations. 

502.6 Zone Equipment. Equipment listed and marked in 
accordance with 506.9(C)(2) for Zone 20 locations shall be 
permitted in Class II, Division 1 locations for the same dust 
atmosphere; and with a suitable temperature class. 

Equipment listed and marked in accordance with 
506.9(C)(2) for Zone 20, 21, or 22 locations shall be per¬ 
mitted in Class II, Division 2 locations for the same dust 
atmosphere and with a suitable temperature class. 


II. Wiring 

502.10 Wiring Methods. Wiring methods shall comply 
with 502.10(A) or (B). 

(A) Class II, Division 1. 


(1) General. In Class II, Division 1 locations, the wiring 
methods in (1) through (4) shall be permitted: 

(1) Threaded rigid metal conduit, or threaded steel inter¬ 
mediate metal conduit. 

(2) Type MI cable with termination fittings listed for the 
location. Type MI cable shall be installed and sup¬ 
ported in a manner to avoid tensile stress at the termi¬ 
nation fittings. 

(3) In industrial establishments with limited public access, 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the installa¬ 
tion, Type MC-HL cable, listed for use in Class II, 
Division 1 locations, with a gas/vaportight continuous 
corrugated metallic sheath, an overall jacket of suitable 
polymeridjhiaterial, a separate equipment grounding 
conductor(s) in accordance with 250.122, and provided 
wm termination fittings listed for the location, shall be 

P 14-80] 

iber optic cables of the types OFNP, OFCP, OFNR, 
, OFNG QFCG, OFN, and OFC shall be permit- 
d to be installed in raceways as stated in 502.10(A). 
ese fiber optic cables shall be sealed in accordance 
502.15. [ROP 14-80, ROP 14-83] 

rle Connections. Where necessary to employ 
Te connections, one or more of the following shall 
also be permitted: 

(1) Dusttight flexible connectors 

(2) Liquidtight flexible metal conduit with listed fittings 

(3) Liquidtight flexible nonmetallic conduit with listed fit¬ 
tings 

(4) Interlocked armor Type MC cable having an overall 
jacket of suitable polymeric material and provided with 
termination fittings listed for Class II, Division 1 loca¬ 
tions. 

(5) Flexible cord listed for extra-hard usage and terminated 
with listed dusttight cord connectors. Where flexible 
cords are used, they shall comply with 502.140. [ROP 
14-84] 

(6) For elevator use, an identified elevator cable, type EO, 
ETP, or ETT, and as shown under the “use” column in 
Table 400.4 for “Hazardous (classified) locations” and 
terminated with listed dusttight fittings. [ROP 14-88a] 

Informational Note: See 502.30(B) for grounding require¬ 
ments where flexible conduit is used. 

(3) Boxes and Fittings. Boxes and fittings shall be pro¬ 
vided with threaded bosses for connection to conduit or 
cable terminations and shall be dusttight. Boxes and fittings 
in which taps, joints, or terminal connections are made, or 
that are used in Group E locations, shall be identified for 
Class II locations. [ROP 14-80] 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-409 




502.15 


ARTICLE 502 — CLASS II LOCATIONS 


Informational Note: For entry into enclosures required to 
be dust-ignitionproof, see further information on construc¬ 
tion, testing and marking of cables, dust-ignitionproof cable 
fittings, and dust-ignitionproof cord connectors in 
ANSI/UL 2225-2011, Cables and Cable-Fittings for Use in 
Hazardous (Classified) Locations. [ROP 14-80] 

(B) Class II, Division 2. 

(1) General. In Class II, Division 2 locations, the follow¬ 
ing wiring methods shall be permitted: 

(1) All wiring methods permitted in 502.10(A). 

(2) Rigid metal conduit, intermediate metal conduit, elec¬ 
trical metallic tubing, dusttight wireways. 


terconnect the nonincendive field wiring circuit to any other 
circuit. 

Informational Note: Simple apparatus is defined in 504.2. 

Separate nonincendive field wiring circuits shall be in¬ 
stalled in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of each 
circuit are within a grounded metal shield 

(3) In multiconductor cables or in raceways where the con¬ 
ductors of each circuit have insulation with a minimum 
thickness of 0.25 mm (0.01 in.) 


(3) Type MC or MI cable with listed termination fittings. 

(4) Type PLTC and Type PLTC-ER cable in accordance 
with the provisions of Article 725, including installa¬ 
tion in cable tray systems. The cable shall be termi¬ 
nated with listed fittings. 

(5) Type ITC and Type ITC-ER cable as permitted in 727.4 
and terminated with listed fittings. 

(6) Type MC, MI, or TC cable installed in ladder, venti¬ 
lated trough, or ventilated channel cable trays in a 
single layer, with a space not less than the larger cable 
diameter between the two adjacent cables, shall be the 
wiring method employed. 

Exception to (6): Type MC cable listed for use in Class II, 

Division 1 locations shall be permitted to be installed wii 

out the spacings required by (6). [ROP 14-8 

(7) In industrial establishments with restricted publii 
cess where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons servi^M^ in¬ 
stallation and where metallic conduit does not provide 
sufficient corrosion resistance, reinforced thermosetting 
resin conduit (RTRC) factory elbows, and associated 
fittings, all marked with suffix -XW, and Schedule 80 
PVC conduit, factory elbows and associated fittings 
shall be permitted. 


(4) Boxes and Fittings. All boxes and fittings shall be 
dusttight. 

502.15 Sealing,/Class II, Divisions 1 and 2. Where a 
raceway provides communication between an enclosure 
that is required to be dust-ignitionproof and one that is not, 
suitableaprans shall be provided to prevent the entrance of 
dustinterfile dust-ignitionproof enclosure through the race¬ 
way. One following means shall be permitted: 

(1) ^mgrmanent and effective seal 

(2) A horizontal raceway not less than 3.05 m (10 ft) long 
vertical raceway not less than 1.5 m (5 ft) long and 

:—downward from the dust-ignitionproof en¬ 
closure^ 

4] A raceway installed in a manner equivalent to (2) or (3) 
that extends only horizontally and downward from the 
dust-ignition proof enclosures 

Where a raceway provides communication between an 
enclosure that is required to be dust-ignitionproof and an 
enclosure in an unclassified location, seals shall not be re¬ 
quired. 

Sealing fittings shall be accessible. 

Seals shall not be required to be explosionproof. 

Informational Note: Electrical sealing putty is a method of 
sealing. 


(8) Fiber optic cables of the types OFNP, OFCP, OFNR, 
OFCR, OFNG, OFCG,OFN, and OFC shall be permit¬ 
ted to be installed in cable trays or any other raceway 
as stated in 502.10(B). Fiber optic cables shall be 
sealed in accordance with 502.15. [ROP 14-88] 

(2) Flexible Connections. Where provision must be made 
for flexibility, 502.10(A)(2) shall apply. 


502.25 Uninsulated Exposed Parts, Class II, Divisions 1 

and 2. There shall be no uninsulated exposed parts, such as 
electrical conductors, buses, terminals, or components, that 
operate at more than 30 volts (15 volts in wet locations). 
These parts shall additionally be protected by a protection 
technique according to 500.7(E), (F), or (G) that is suitable 
for the location. 


(3) Nonincendive Field Wiring. Nonincendive field wir¬ 
ing shall be permitted using any of the wiring methods 
permitted for unclassified locations. Nonincendive field 
wiring systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a nonincendive field 
wiring circuit, provided the simple apparatus does not in¬ 


502.30 Grounding and Bonding, Class II, Divisions 1 

and 2. Wiring and equipment in Class II, Division 1 and 2 
locations shall be grounded as specified in Article 250 and 
in accordance with the requirements of 502.30(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contact shall not be depended on for bonding pur- 
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poses, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways, fittings, 
boxes, enclosures, and so forth, between Class II locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 


stripping) to minimize the entrance of dust into the 
vault. 

(2) Vent openings and ducts shall communicate only with 
the outside air. 

(3) Suitable pressure-relief openings communicating with 
the outside air shall be provided. 


Exception: The specific bonding means shall only be re¬ 
quired to the nearest point where the grounded circuit con¬ 
ductor and the grounding electrode conductor are con¬ 
nected together on the line side of the building or structure 
disconnecting means as specified in 250.32(B) if the 
branch-circuit overcurrent protection is located on the load 
side of the disconnecting means. 

[ROP 14-56a] 


(2) Not Containing Liquid That Will Burn. Transform¬ 
ers and capacitors that do not contain a liquid that will burn 
shall be installed in vaults complying with 450.41 through 
450.48 or be identified as a complete assembly, including 
terminal connections. 

(3) Group E. No transformer or capacitor shall be installed 
in a Class II, Division 1, Group E location. 


(B) Types of Equipment Grounding Conductors. Liq- 
uidtight flexible metal conduit shall include an equipment 
bonding jumper of the wire type in compliance with 
250.102. 

Exception: In Class II, Division 2 locations, the bonding 
jumper shall be permitted to be deleted where all of the 
following conditions are met: 


(1) Listed liquidtight flexible metal conduit 1.8 m (6 
less in length, with fittings listed for grounding, is , 

(2) Overcurrent protection in the circuiUis limited 
amperes or less. 

(3) The load is not a power utilizatfi 


i or 


502.35 Surge Protection 

Surge arresters and surge 
Class II, Division 1 loc 
Surge-protective capacitor 
specific duty. 

[ROP 14-92] 

III. Equipment 



1 and 2. 

lied in a 
hclosures. 
pe designed for 


(B) Class II, Division 2. In Class II, Division 2 locations, 
transformers and capacitors shall comply with 
502.100(B)(l) > through (B)(3). 

(1)^ Containing Liquid That Will Burn. Transformers and 
acitors containing a liquid that will burn shall be in- 
failed in vaults thaSfcmply with 450.41 through 450.48. 

2)/Containing Askarel. Transformers containing askarel 
id rated in excess of 25 kVA shall be as follows: 

(1) Provided with pressure-relief vents 

ided with a means for absorbing any gases gener- 
ffed by arcing inside the case, or the pressure-relief 
vents shall be connected to a chimney or flue that will 
carry such gases outside the building 
(3) Have an airspace of not less than 150 mm (6 in.) be¬ 
tween the transformer cases and any adjacent combus¬ 
tible material 

(3) Dry-Type Transformers. Dry-type transformers shall 
be installed in vaults or shall have their windings and ter¬ 
minal connections enclosed in tight metal housings without 
ventilating or other openings and shall operate at not over 
600 volts, nominal. 

502.115 Switches, Circuit Breakers, Motor Controllers, 
and Fuses. 


502.100 Transformers and Capacitors. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
transformers and capacitors shall comply with 
502.100(A)(1) through (A)(3). 

(1) Containing Liquid That Will Burn. Transformers and 
capacitors containing a liquid that will bum shall be in¬ 
stalled only in vaults complying with 450.41 through 
450.48, and, in addition, (1), (2), and (3) shall apply. 

(1) Doors or other openings communicating with the Divi¬ 
sion 1 location shall have self-closing fire doors on 
both sides of the wall, and the doors shall be carefully 
fitted and provided with suitable seals (such as weather 


(A) Class II, Division 1. In Class II, Division 1 locations, 
switches, circuit breakers, motor controllers, fuses, push 
buttons, relays, and similar devices shall be provided with 
enclosures identified for the location. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
enclosures for fuses, switches, circuit breakers, and motor 
controllers, including push buttons, relays, and similar de¬ 
vices, shall be dusttight or otherwise identified for the lo¬ 
cation. 

502.120 Control Transformers and Resistors. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
control transformers, solenoids, impedance coils, resistors, 
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and any overcurrent devices or switching mechanisms as¬ 
sociated with them shall be provided with enclosures iden¬ 
tified for the location. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
transformers and resistors shall comply with 502.120(B)(1) 
through (B)(3). 

(1) Switching Mechanisms. Switching mechanisms (in¬ 
cluding overcurrent devices) associated with control trans¬ 
formers, solenoids, impedance coils, and resistors shall be 
provided with enclosures that are dusttight or otherwise 
identified for the location. 


(3) Self-cleaning textile motors of the squirrel-cage type 

502.128 Ventilating Piping. Ventilating pipes for motors, 
generators, or other rotating electrical machinery, or for 
enclosures for electrical equipment, shall be of metal not 
less than 0.53 mm (0.021 in.) in thickness or of equally 
substantial noncombustible material and shall comply with 
all of the following: 

(1) Lead directly to a source of clean air outside of build¬ 
ings 

(2) Be screened at the outer ends to prevent the entrance of 
small animals or birds 


(2) Coils and Windings. Where not located in the same 
enclosure with switching mechanisms, control transform¬ 
ers, solenoids, and impedance coils shall be provided with 
enclosures that are dusttight or otherwise identified for the 
location. 

(3) Resistors. Resistors and resistance devices shall have 
dust-ignitionproof enclosures that are dusttight or otherwise 
identified for the location. 

502.125 Motors and Generators. 

(A) Class II, Division 1. In Class II, Division 1 locations) 
motors, generators, and other rotating electrical machinery 
shall be in conformance with either of the following: 

(1) Identified for the location 

(2) Totally enclosed pipe-ventilated [ROP 14-94] 


(3) Be protected against physical damage and against rust¬ 
ing or other corrosive influences 


(B) Class II, Division 2. In Class II, Divisi 
motors, generators, and other rotating 
shall be totally enclosed nonventi 
pipe-ventilated, totally enclosaa 
enclosed fan-cooled or dust-ig 
mum full-load external temperatui® 
with 500.8(D)(2) for normal operatioi 
free air (not dust blanketed) and shal 
openings. 


pment 
closed 
d, totally 
ch maxi- 
cordance 
Operating in 
no external 


Ventilating pipe 
and (B). 


fehall also comply with 502.128(A) 



(A) Class II, Division 1. In Class II, Division 1 locations, 
ventilating pipes, including their connections to motors or 
to the^rast-ignitionproof enclosures for other equipment, 
shall be dusttight throughout their length. For metal pipes, 
seams and joints shall comply with one of the following: 
(1) Be mveted and soldered 
J3e bolted and soldered 

ered dusttight by some other equally effective 

Class II, Division 2. In Class II, Division 2 locations, 
ventilating pipes and their connections shall be sufficiently 
tight to prevent the entrance of appreciable quantities of 
dust into the ventilated equipment or enclosure and to pre¬ 
vent the escape of sparks, flame, or burning material that 
might ignite dust accumulations or combustible material in 
the vicinity. For metal pipes, lock seams and riveted or 
welded joints shall be permitted; and tight-fitting slip joints 
shall be permitted where some flexibility is necessary, as at 
connections to motors. 



Exception: If the authority having jurisdiction believes ac¬ 
cumulations of nonconductive, nonabrasive dust will be 
moderate and if machines can be easily reached for routine 
cleaning and maintenance, the following shall be permitted 
to be installed: 


502.130 Luminaires. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
luminaires for fixed and portable lighting shall comply with 
502.130(A)(1) through (A)(4). 


(1) Standard open-type machines without sliding contacts, 
centrifugal or other types of switching mechanism (in¬ 
cluding motor overcurrent, overloading, and overtem¬ 
perature devices), or integral resistance devices 

(2) Standard open-type machines with such contacts, 
switching mechanisms, or resistance devices enclosed 
within dusttight housings without ventilating or other 
openings 


(1) Marking. Each luminaire shall be identified for the 
location and shall be clearly marked to indicate the type 
and maximum wattage of the lamp for which it is designed. 

[ROP 14-95] 

(2) Physical Damage. Each luminaire shall be protected 
against physical damage by a suitable guard or by location. 

(3) Pendant Luminaires. Pendant luminaires shall be sus¬ 
pended by threaded rigid metal conduit stems, by threaded 
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steel intermediate metal conduit stems, by chains with ap¬ 
proved fittings, or by other approved means. For rigid 
stems longer than 300 mm (12 in.), permanent and effective 
bracing against lateral displacement shall be provided at a 
level not more than 300 mm (12 in.) above the lower end of 
the stem, or flexibility in the form of a fitting or a flexible 
connector listed for the location shall be provided not more 
than 300 mm (12 in.) from the point of attachment to the 
supporting box or fitting. Threaded joints shall be provided 
with set screws or other effective means to prevent loosen¬ 
ing. Where wiring between an outlet box or fitting and a 
pendant luminaire is not enclosed in conduit, flexible cord 
listed for hard usage shall be permitted to be used in accor¬ 
dance with 502.10(A)(2)(5). Flexible cord shall not serve as 
the supporting means for a luminaire. 

(4) Supports. Boxes, box assemblies, or fittings used for 
the support of luminaires shall be identified for Class II 
locations. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
luminaires shall comply with 502.130(B)(1) through (B)(5). 

(1) Portable Lighting Equipment. Portable lighting 
equipment shall be identified for the location. They i 
clearly marked to indicate the maximum wattage of 
for which they are designed. 

(2) Fixed Lighting. Luminaires for hxei 
provided with enclosures that are du 
identified for the location. Each lu: 
marked to indicate the maximum wat 
shall be permitted without 
temperature in accordance ji^th''5O9i8i(jG0(2' 
conditions of use. 


(3) Physical Damage. Lul 
be protected from physical 
location. 


td lighting shall 
fable guards or by 


(4) Pendant Luminaires. Pendant luminaires shall be sus¬ 
pended by threaded rigid metal conduit stems, by threaded 
steel intermediate metal conduit stems, by chains with ap¬ 
proved fittings, or by other approved means. For rigid 
stems longer than 300 mm (12 in.), permanent and effective 
bracing against lateral displacement shall be provided at a 
level not more than 300 mm (12 in.) above the lower end of 
the stem, or flexibility in the form of an identified fitting or 
a flexible connector shall be provided not more than 
300 mm (12 in.) from the point of attachment to the sup¬ 
porting box or fitting. Where wiring between an outlet box 
or fitting and a pendant luminaire is not enclosed in con¬ 
duit, flexible cord listed for hard usage shall be permitted if 
terminated with a listed cord connector that maintains the 
protection technique. Flexible cord shall not serve as the 
supporting means for a luminaire. 


(5) Electric-Discharge Lamps. Starting and control 
equipment for electric-discharge lamps shall comply with 
the requirements of 502.120(B). 

502.135 Utilization Equipment. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
all utilization equipment shall be identified for the location. 

(B) Class II, Division 2. In Class II, Division 2 locations, 
all utilization equipment shall comply with 502.135(B)(1) 
through (B)(4). 

(1) Heaters. Electrically heated utilization equipment shall 
be identified for the location. 

Exception: iXietal-encIosed radiant heating panel equip¬ 
ment shall be ipermitted to be dusttight and marked in ac- 
cordancejfyvihi 500.8(C). 




irs of motor-driven utilization equipment 
2.125(B). 

hes, Circuit Breakers, and Fuses. Enclosures 
hes, circuit breakers, and fuses shall comply with 
15(B). 

sformers, Solenoids, Impedance Coils, and Re- 

ransformers, solenoids, impedance coils, and re¬ 
shall comply with 502.120(B). 


502.140 Flexible Cords — Class II, Divisions 1 and 2. 

(A) Permitted Uses. Flexible cords used in Class II loca¬ 
tions shall comply with all of the following: [ROP 14-96] 

(1) For connection between portable lighting equipment or 
other portable utilization equipment and the fixed por¬ 
tion of their supply circuit. The flexible cord is attached 
to the utilization equipment with a cord connector 
listed for the protection technique of the equipment 
wiring compartment. An attachment plug in accordance 
with 502.145 shall be employed. 

(2) Where flexible cord is permitted by 502.10(A)(2) for 
fixed and mobile electrical utilization equipment, and 
the flexible cord is protected by location or by a suit¬ 
able guard from damage and only in an industrial es¬ 
tablishment where conditions of maintenance and engi¬ 
neering supervision ensure that only qualified persons 
install and service the installation. 

(3) For electric submersible pumps with means for re¬ 
moval without entering the wet-pit. The extension of 
the flexible cord within a suitable raceway between the 
wet-pit and the power source shall be permitted. 

(4) For electric mixers intended for travel into and out of 
open-type mixing tanks or vats. 

(5) For temporary portable assemblies consisting of recep¬ 
tacles, switches, and other devices that are not consid- 
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ered portable utilization equipment but are individually 
listed for the location. 

(B) Installation. Where flexible cords are used, the cords 
shall comply with all of the following: [ROP 14-96] 

(1) Be of a type listed for extra-hard usage 

Exception: Flexible cord listed for hard usage as permitted 
by 502.130(A)(3) and (B)(4). 

(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 
400.23 

(3) Be supported by clamps or by other suitable means in 
such a manner that there will be no tension on the 
terminal connections 

(4) In Division 1 locations, the cord shall be terminated 
with a cord connector listed for the location or a listed 
cord connector installed with a seal listed for the loca¬ 
tion. In Division 2 locations, the cord shall be termi¬ 
nated with a listed dusttight cord connector. 

(5) Be of continuous length. Where 502.140(A)(5) is ap¬ 
plied, cords shall be of continuous length from the 
power source to the temporary portable assembly and 
from the temporary portable assembly to the utilization 
equipment. [ROP 14-96] 

502.145 Receptacles and Attachment Plugs. Rei 

and attachment plugs shall be identified for tj 

[ROP 14-97] 

(A) Class II, Division 1. 

(1) Receptacles. In Class II, Dmsi< 
tacles shall be part of the premises wiring. 

(2) Attachment Plugs. Attachmei jbe of the 

type providing for connection to tl grounding 

conductor of the flexible cord. 

(B) Class II, Division 2. 

(1) Receptacles.. In Class II, Division 2 locations, recep¬ 
tacles shall be part of the premises wiring. 

(2) Attachment Plugs. Attachment plugs shall be of the 
type that provides for connection to the equipment ground¬ 
ing conductor of the flexible cord. 

502.150 Signaling, Alarm, Remote-Control, and Com¬ 
munications Systems; and Meters, Instruments, and Re¬ 
lays. 

Informational Note: See Article 800 for rules governing 
the installation of communications circuits. 

(A) Class II, Division 1. In Class II, Division 1 locations, 
signaling, alarm, remote-control, and communications sys¬ 



tems; and meters, instruments, and relays shall comply with 
502.150(A)(1) through (A)(3). 

(1) Contacts. Switches, circuit breakers, relays, contactors, 
fuses and current-breaking contacts for bells, horns, howl¬ 
ers, sirens, and other devices in which sparks or arcs may 
be produced shall be provided with enclosures identified for 
the location. 

Exception: Where current-breaking contacts are immersed 
in oil or where the interruption of current occurs within a 
chamber sealed against the entrance of dust, enclosures 
shall be permitted to be of the general-purpose type. 

(2) Resistors and Similar Equipment. Resistors, trans¬ 
formers, choke coils, rectifiers, thermionic tubes, and other 
heat-generating equipment shall be provided with enclo¬ 
sures identified for tile location. 

Exception: .v is to r,v or similar equipment are im¬ 

mersed in oil or enclosed in a chamber sealed against the 
entrance of dust, shall be permitted to be of the 

genejjgffurpose type. 

(3) Rotating Machinery. Motors, generators, and other ro¬ 
tating" electrical machinery shall comply with 502.125(A). 

ivision 2. In Class II, Division 2 locations, 
, remote-control, and communications sys¬ 
tem, instruments, and relays shall comply with 
.150(B)(1) through (B)(4). 


1) Contacts. Contacts shall comply with 502.150(A)(1) or 
be installed in enclosures that are dusttight or other¬ 
wise identified for the location. 

Exception: In nonincendive circuits, enclosures shall be 
permitted to be of the general-purpose type. 

(2) Transformers and Similar Equipment. The windings 
and terminal connections of transformers, choke coils, and 
similar equipment shall comply with 502.120(B)(2). 

(3) Resistors and Similar Equipment. Resistors, resis¬ 
tance devices, thermionic tubes, rectifiers, and similar 
equipment shall comply with 502.120(B)(3). 

(4) Rotating Machinery. Motors, generators, and other ro¬ 
tating electrical machinery shall comply with 502.125(B). 


ARTICLE 503 
Class III Locations 


I. General 

503.1 Scope. Article 503 covers the requirements for elec¬ 
trical and electronic equipment and wiring for all voltages 
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503.10 


in Class III, Division 1 and 2 locations where fire or explo¬ 
sion hazards may exist due to ignitible fibers/flyings. 

503.5 General. Equipment installed in Class III locations 
shall be able to function at full rating without developing 
surface temperatures high enough to cause excessive dehy¬ 
dration or gradual carbonization of accumulated 
fibers/flyings. Organic material that is carbonized or exces¬ 
sively dry is highly susceptible to spontaneous ignition. 
The maximum surface temperatures under operating condi¬ 
tions shall not exceed 165°C (329°F) for equipment that is 
not subject to overloading, and 120°C (248°F) for equip¬ 
ment (such as motors or power transformers) that may be 
overloaded. In a Class III, Division 1 location, the operat¬ 
ing temperature shall be the temperature of the equipment 
when blanketed with the maximum amount of dust (simu¬ 
lating fibers/flyings) that can accumulate on the equipment. 
[ROP 14-98] 

Informational Note: For electric trucks, see NFPA 505- 

2011, Fire Safety Standard for Powered Industrial Trucks 

Including Type Designations, Areas of Use, Conversions, 

Maintenance, and Operation. 

503.6 Zone Equipment. Equipment listed and marked in 
accordance with 506.9(C)(2) for Zone 20 locatio 
with a temperature class of not greater than T120 
equipment that may be overloaded) or not greater 
T165°C (for equipment not subject to overloading) shal 
permitted in Class III, Division 1 location* 

Equipment listed and marked in accordance witl 
506.9(C)(2) for Zone 20, 21, or 22 locations and with a 
temperature class of not great er tha n T120°C (for equip¬ 
ment that may be overloaded) or not greater than T165°C 
(for equipment not subject to overloacn^) shall be permit 
ted in Class III, Divisio^ftjocations. 




II. Wiring 

503.10 Wiring Methods. Wiring 'Tnethods shall comply 
with 503.10(A) or (B). 

(A) Class III, Division 1. 


(4) Type MC, MI, TC, or TC-ER cable installed in ladder, 
ventilated trough, or ventilated channel cable trays in a 
single layer, with a space not less than the larger cable 
diameter between the two adjacent cables, shall be the 
wiring method employed. The cable shall be terminated 
with listed fittings. [ROP 14-106] 

Exception to (4): Type MC cable listed for use in Class II, 
Division 1 locations shall be permitted to be installed with¬ 
out the spacings required by 503.10(A)(1 )(4). 

(2) Boxes and Fittings. All boxes and fittings shall be 
dusttight. 

(3) Flexible Connections. Where necessary to employ 
flexible connections, one or more of the following shall be 
permitted: 

(1) Dusttight flexible connectors 

(2) Liquidtight flexible metal conduit with listed fittings, 

(3) FiquidtignwSbxible nonmetallic conduit with listed th¬ 
ings, 

locked armor Type MC cable having an overall 
of suitable polymeric material and installed with 
ted dusttight termination fittings 
(5%jJLexible cord in compliance with 503.140 

tional Note: See 503.30(B) for grounding require- 
ts where flexible conduit is used. 

(6) For elevator use, an identified elevator cable, type EO, 
ETP, or ETT, and as shown under the “use” column in 
Table 400.4 for “Hazardous (classified) locations” and 
terminated with listed dusttight fittings. [ROP 
14-105a] 

(4) Nonincendive Field Wiring. Nonincendive field wir¬ 
ing shall be permitted using any of the wiring methods 
permitted for unclassified locations. Nonincendive field 
wiring systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a nonincendive field 
wiring circuit, provided the simple apparatus does not in¬ 
terconnect the nonincendive field wiring circuit to any other 
circuit. 


(1) General. In Class III, Division 1 locations, the wiring 

method shall be in accordance with (1) through (4): 

(1) Rigid metal conduit, Type PVC conduit, Type RTRC 
conduit, intermediate metal conduit, electrical metallic 
tubing, dusttight wireways, or Type MC or MI cable 
with listed termination fittings. 

(2) Type PLTC and Type PLTC-ER cable in accordance 
with the provisions of Article 725 including installation 
in cable tray systems. The cable shall be terminated 
with listed fittings. 

(3) Type ITC and Type ITC-ER cable as permitted in 727.4 
and terminated with listed fittings. 


Informational Note: Simple apparatus is defined in 504.2. 

Separate nonincendive field wiring circuits shall be in¬ 
stalled in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of each 
circuit are within a grounded metal shield 

(3) In multiconductor cables where the conductors of each 
circuit have insulation with a minimum thickness of 
0.25 mm (0.01 in.) 

(B) Class III, Division 2. In Class III, Division 2 loca¬ 
tions, the wiring method shall comply with 503.10(A). 
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Exception: In sections, compartments, or areas used 
solely for storage and containing no machinery, open wir¬ 
ing on insulators shall be permitted where installed in ac¬ 
cordance with Article 398, but only on condition that pro¬ 
tection as required by 398.15(C) be provided where 
conductors are not run in roof spaces and are well out of 
reach of sources of physical damage. 


(3) The load is not a power utilization load. 

III. Equipment 

503.100 Transformers and Capacitors — Class III, Di¬ 
visions 1 and 2. Transformers and capacitors shall comply 
with 502.100(B). 


503.25 Uninsulated Exposed Parts, Class III, Divisions 

1 and 2. There shall be no uninsulated exposed parts, such 
as electrical conductors, buses, terminals, or components, 
that operate at more than 30 volts (15 volts in wet loca¬ 
tions). These parts shall additionally be protected by a pro¬ 
tection technique according to 500.7(E), (F), or (G) that is 
suitable for the location. 

Exception: As provided in 503.155. 

503.30 Grounding and Bonding — Class III, Divisions 

1 and 2. Wiring and equipment in Class III, Division 1 and 

2 locations shall be grounded as specified in Article 250 
and with the following additional requirements in 
503.30(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways; fittings, 
boxes, enclosures, and so forth, between Class HI locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 

Exception: The specific bonding means shall oMy^fie re¬ 
quired to the nearest point where the groumfwteircidt con¬ 
ductor and the grounding elictmde conductor are con¬ 
nected together on the line side of the building 1 r structure 
disconnecting means as specified in 250.32(B) if the 
branch-circuit overcurrent protection is located on the load 
side of the disconnecting means. 

[ROP 14-56a] 

(B) Types of Equipment Bonding Conductors. Liq- 
uidtight flexible metal conduit shall include an equipment 
bonding jumper of the wire type in compliance with 
250.102. [ROP 14-108] 

Exception: In Class III, Division 1 and 2 locations, the 
bonding jumper shall be permitted to be deleted where all 
of the following conditions are met: 


(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or 
less in length, with fittings listed for grounding, is used. 

[ROP 14-110] 

(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 


503.115 Switches, Circuit Breakers, Motor Controllers, 
and Fuses — Class III, Divisions 1 and 2. Switches, cir¬ 
cuit breakers, motor controllers, and fuses, including push¬ 
buttons, relays, and similar devices, shall be provided with 
dusttight enclosures. 

503.120 Control Transformers and Resistors — Class 
III, Divisions 1 and 2. Transformers, impedance coils, and 
resistors used as, or in conjunction with, control equipment 
for motors, generators, and appliances shall be provided 
with dusttight enclosures complying with the temperature 
limitations in 503.5. 

503.125 Motors and Generators — Class III, Divisions 

1 and 2.''jSrClass III, Divisions 1 and 2 locations, motors, 
generatonkand other rotating machinery shall be totally 
sed nonventilated, totally enclosed pipe ventilated, or 
totally enclosed fan cooled. 

deception: In locations where, in the judgment of the au- 
jrity having jurisdiction, only moderate accumulations of 
■ or flyings are likely to collect on, in, or in the vicinity of 
rotating electrical machine and where such machine is 
readily accessible for routine cleaning and maintenance, 
one of the following shall be permitted: 


(1) Self-cleaning textile motors of the squirrel-cage type 

(2) Standard open-type machines without sliding contacts, 
centrifugal or other types of switching mechanisms, in¬ 
cluding motor overload devices 

(3) Standard open-type machines having such contacts, 
switching mechanisms, or resistance devices enclosed 
within tight housings without ventilating or other 
openings 

503.128 Ventilating Piping — Class III, Divisions 1 and 

2. Ventilating pipes for motors, generators, or other rotating 
electrical machinery, or for enclosures for electric equip¬ 
ment, shall be of metal not less than 0.53 mm (0.021 in.) in 
thickness, or of equally substantial noncombustible mate¬ 
rial, and shall comply with the following: 

(1) Lead directly to a source of clean air outside of build¬ 
ings 

(2) Be screened at the outer ends to prevent the entrance of 
small animals or birds 
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(3) Be protected against physical damage and against rust¬ 
ing or other corrosive influences 

Ventilating pipes shall be sufficiently tight, including 
their connections, to prevent the entrance of appreciable 
quantities of fibers/flyings into the ventilated equipment or 
enclosure and to prevent the escape of sparks, flame, or 
burning material that might ignite accumulations of 
fibers/flyings or combustible material in the vicinity. For 
metal pipes, lock seams and riveted or welded joints shall 
be permitted; and tight-fitting slip joints shall be permitted 
where some flexibility is necessary, as at connections to 
motors. 


(C) Switches, Circuit Breakers, Motor Controllers, and 

Fuses. Switches, circuit breakers, motor controllers, and 

fuses shall comply with 503.115. 

503.140 Flexible Cords — Class III, Divisions 1 and 2. 

Flexible cords shall comply with the following: 

(1) Be of a type listed for extra-hard usage 

(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 
400.23 

(3) Be supported by clamps or other suitable means in such 
a manner that there will be no tension on the terminal 
connections 


503.130 Luminaires — Class III, Divisions 1 and 2. 

(A) Fixed Lighting. Luminaires for fixed lighting shall 
provide enclosures for lamps and lampholders that are de¬ 
signed to minimize entrance of fibers/flyings and to prevent 
the escape of sparks, burning material, or hot metal. Each 
luminaire shall be clearly marked to show the maximum 
wattage of the lamps that shall be permitted without ex¬ 
ceeding an exposed surface temperature of 165°C (329°F) 
under normal conditions of use. 

(B) Physical Damage. A luminaire that may be exp< 
physical damage shall be protected by a suitable gu; 

(C) Pendant Luminaires. Pendant luminaires shall 1 
suspended by stems of threaded rigid metal condi 
threaded intermediate metal conduit, 
of equivalent thickness, or by chains 
For stems longer than 300 mm (12 i 
effective bracing against 
vided at a level not more 
lower end of the stemflii; flexibility 


identified fitting or a flexibljjkconncctor 
not more than 300 mm (12 in. 
to the supporting box or fitting. 




tall be provided 
lint of attachment 


(D) Portable Lighting Equipment. Portable lighting 
equipment shall be equipped with handles and protected 
with substantial guards. Lampholders shall be of the un¬ 
switched type with no provision for receiving attachment 
plugs. There shall be no exposed current-carrying metal 
parts, and all exposed non-current-carrying metal parts 
shall be grounded. In all other respects, portable lighting 
equipment shall comply with 503.130(A). 

503.135 Utilization Equipment — Class III, Divisions 1 
and 2. 

(A) Heaters. Electrically heated utilization equipment 
shall be identified for Class III locations. 


(4) Be terminated with a listed dusttight cord connector. 

503.145 Receptacles and Attachment Plugs — Class III, 
Divisions 1 and 2. Receptacles and attachment plugs shall 
be of the grounding type, shall be designed so as to mini¬ 
mize:- the accumulation or the entry of fibers/flyings, and 
1 prevent the escape of sparks or molten particles. 

Exception: In locations where, in the judgment of the au¬ 
thority having jurisdiction, only moderate accumulations of 
lint or flyings are likely to collect in the vicinity of a recep- 
tcicle, and where such receptacle is readily accessible for 
tie cleaning, general-purpose grounding-type recep- 
mounted so as to minimize the entry of fibers/flyings 
shall be permitted. 

503.150 Signaling, Alarm, Remote-Control, and Local 
Loudspeaker Intercommunications Systems — Class 
III, Divisions 1 and 2. Signaling, alarm, remote-control, 
and local loudspeaker intercommunications systems shall 
comply with the requirements of Article 503 regarding wir¬ 
ing methods, switches, transformers, resistors, motors, lu¬ 
minaires, and related components. 

503.155 Electric Cranes, Hoists, and Similar Equip¬ 
ment — Class III, Divisions 1 and 2. Where installed for 
operation over combustible fibers or accumulations of fly¬ 
ings, traveling cranes and hoists for material handling, trav¬ 
eling cleaners for textile machinery, and similar equipment 
shall comply with 503.155(A) through (D). 

(A) Power Supply. The power supply to contact conduc¬ 
tors shall be electrically isolated from all other systems, 
ungrounded, and shall be equipped with an acceptable 
ground detector that gives an alarm and automatically de¬ 
energizes the contact conductors in case of a fault to ground 
or gives a visual and audible alarm as long as power is 
supplied to the contact conductors and the ground fault 
remains. 


(B) Motors. Motors of motor-driven utilization equipment (B) Contact Conductors. Contact conductors shall be lo- 

shall comply with 503.125. cated or guarded so as to be inaccessible to other than 
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authorized persons and shall be protected against accidental 
contact with foreign objects. 

(C) Current Collectors. Current collectors shall be ar¬ 
ranged or guarded so as to confine normal sparking and 
prevent escape of sparks or hot particles. To reduce spark¬ 
ing, two or more separate surfaces of contact shall be pro¬ 
vided for each contact conductor. Reliable means shall be 
provided to keep contact conductors and current collectors 
free of accumulations of lint or flyings. 

(D) Control Equipment. Control equipment shall comply 
with 503.115 and 503.120. 


Informational Note No. 1: Associated apparatus has iden¬ 
tified intrinsically safe connections for intrinsically safe ap¬ 
paratus and also may have connections for nonintrinsically 
safe apparatus. 

Informational Note No. 2: An example of associated ap¬ 
paratus is an intrinsic safety barrier, which is a network 
designed to limit the energy (voltage and current) available 
to the protected circuit in the hazardous (classified) loca¬ 
tion, under specified fault conditions. 

Control Drawing. See the definition in 500.2. 

Different Intrinsically Safe Circuits. Intrinsically safe cir¬ 
cuits in which the possible interconnections have not been 
evaluated and identified as intrinsically safe. 


503.160 Storage Battery Charging Equipment — Class 
III, Divisions 1 and 2. Storage battery charging equipment 
shall be located in separate rooms built or lined with sub¬ 
stantial noncombustible materials. The rooms shall be con¬ 
structed to prevent the entrance of ignitible amounts of 
flyings or lint and shall be well ventilated. 


ARTICLE 504 
Intrinsically Safe Systems 


[ROP 14-112] 


504.1 Scope. This article covers the install; 
sically safe (I.S.) apparatus, wiring, andsjftMSte 
II, and III locations. 

Informational Note: For further informal! 

ANSI/ISA-RP12.06.01-2003, Recommended Pm, \ce for 
Wiring Methods for Hazardous (Classified) Lofjj^ ons In 
strumentation — Part 1: Intrinsic Safi 

504.2 Definitions. 



Intrinsically Safe Apparatus. Apparatus in which all the 
circuits are intrinsically safe. 

Intrinsically Safe Circuit. A circuit in which any spark or 
thermal effect is incapable of causing ignition of a mixture 
of flammable or combittetible material in air under pre¬ 
scribed Wst conditions. 

Note: Test conditions are described in 
ANSI/UL 913-2006, Standard for Safety, Intrinsically Safe 
Apparatus and Associated Apparatus for Use in Class I, II, 
and III, Division 1, Hazardous (Classified) Locations. 

fe System. An assembly of interconnected 
safe apparatus, associated apparatus, and inter- 
nnecting cables, in that those parts of the system that 
/ be used in hazardous (classified) locations are intrin- 
lly safe circuits. 

Informational Note: An intrinsically safe system may in¬ 
clude more than one intrinsically safe circuit. 

Simple Apparatus. An electrical component or combina¬ 
tion of components of simple construction with well de¬ 
fined electrical parameters that does not generate more than 
1.5 volts, 100 milliamps, and 25 milliwatts, or a passive 
component that does not dissipate more than 1.3 watts and 
is compatible with the intrinsic safety of the circuit in 
which it is used. 


Associated Apparatus. Electrical apparatus which contains 
both intrinsically safe circuits and non-intrinsically safe cir¬ 
cuits and is constructed so that the non-intrinsically safe 
circuits cannot adversely affect the intrinsically safe cir¬ 
cuits. Associated apparatus may be either: 

(a) Electrical equipment which has another type of 
protection for use in the appropriate hazardous (classified) 
location 

(b) Electrical equipment not so protected and which, 
therefore, is not normally used within an appropriate haz¬ 
ardous (classified) location, for example a recorder which is 
not itself in an explosive atmosphere, but is connected to a 
thermocouple situated within an explosive atmosphere 
where only the recorder input circuit is intrinsically safe. 


Informational Note: The following apparatus are examples 
of simple apparatus: 

(a) Passive components, for example, switches, junc¬ 
tion boxes, resistance temperature devices, and simple 
semiconductor devices such as LEDs 

(b) Sources of stored energy consisting of single com¬ 
ponents in simple circuits with well-defined parameters, for 
example, capacitors or inductors, whose values are consid¬ 
ered when determining the overall safety of the system 

(c) Sources of generated energy, for example, thermo¬ 
couples and photocells 

504.3 Application of Other Articles. Except as modified 
by this article, all applicable articles of this Code shall 
apply. 
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504.4 Equipment. All intrinsically safe apparatus and as¬ 
sociated apparatus shall be listed. 

Exception: Simple apparatus, as described on the control 
drawing, shall not be required to be listed. 

504.10 Equipment Installation. 

(A) Control Drawing. Intrinsically safe apparatus, associ¬ 
ated apparatus, and other equipment shall be installed in 
accordance with the control drawing(s). 

Exception: A simple apparatus that does not interconnect 
intrinsically safe circuits. 

Informational Note No. 1: The control drawing identifica¬ 
tion is marked on the apparatus. 

Informational Note No. 2: Associated apparatus with a 
marked Um of less than 250 V may require additional ov¬ 
ervoltage protection at the inputs to limit any possible fault 
voltages to less than the Um marked on the product. 

(B) Location. Intrinsically safe apparatus shall be permit¬ 
ted to be installed in any hazardous (classified) location for 
which it has been identified. 

Associated apparatus shall be permitted to be installed 
in any hazardous (classified) location for which it hai 
identified. 

Simple apparatus shall be permitted to be instal 
any hazardous (classified) location in which the maxi 
surface temperature of the simple apparatus does not 
ceed the ignition temperature of the flammablfjKases 
vapors, flammable liquids, combustible dusts, 
fibers/flyings present. 

(C) Enclosures. General purpose enclosures shall be per¬ 
mitted for Intrinsically Safe Apparatus and Associated Ap¬ 
paratus unless otherwise, iiaecified in the manufacturer’s 
documentation. 

(D) Simple Apparatus. For simple apparatus, the maxi¬ 
mum surface temperature can be determined from the val¬ 
ues of the output power from the associated apparatus or 
apparatus to which it is connected to obtain the temperature 
class. The temperature class can be determined by: 

(1) Reference to Table 504.10(D) 

(2) Calculation using the following equation: 

T = P. II,, + T. 


In addition, components with a surface area smaller 
than 10 cm 2 (excluding lead wires) may be classified as T5 
if their surface temperature does not exceed 150°C. 


Table 504.10(D) Assessment for T4 Classification According 
to Component Size and Temperature 


Total Surface Area 
Excluding Lead Wires 

Requirement for T4 
Classification 

<20 mm 2 
>20 mm 2 <10 cm 2 
>20 mm 2 

Surface temperature <275°C 
Surface temperature <200°C 
Power not exceeding 1.3 W* 

*Based on 40°C ambient temperature. Reduce to 1.2 W with an am¬ 
bient of 60°C or 1.0 W with 80°C ambient temperature. 



504.20 Wiring Methods. Any of the wiring methods suit¬ 
able for unclassified locations, including those covered by 
('hupfeV 7 and Chapter 8, shall be permitted for installing 
sically safe apparatus. Sealing shall be as provided in 
nd separation 1 shall be as provided in 504.30. 

Separation of Intrinsically Safe Conductors. 

om Nonintrinsically Safe Circuit Conductors. 


aceways, Cable Trays, and Cables. Conductors 
insically safe circuits shall not be placed in any race¬ 
way, cable tray, or cable with conductors of any nonintrin¬ 
sically safe circuit. 

Exception No. 1: Where conductors of intrinsically safe 
circuits are separated from conductors of nonintrinsically 
safe circuits by a distance of at least 50 mm (2 in.) and 
secured, or by a grounded metal partition or an approved 
insulating partition. 

Informational Note: No. 20 gauge sheet metal partitions 
0.91 mm (0.0359 in.) or thicker are generally considered 
acceptable. 

Exception No. 2: Where either (1) all of the intrinsically 
safe circuit conductors or (2) all of the nonintrinsically safe 
circuit conductors are in grounded metal-sheathed or 
metal-clad cables where the sheathing or cladding is ca¬ 
pable of carrying fault current to ground. 

Informational Note: Cables meeting the requirements of 
Articles 330 and 332 are typical of those considered 
acceptable. 


where: 

T = surface temperature 
P a = output power marked on the associated 
apparatus or intrinsically safe apparatus 
R th = thermal resistance of the simple apparatus 
T am b = ambient temperature (normally 40°C) and 
reference Table 500.8(C) 


Exception No. 3: Intrinsically safe circuits in a Division 2 
or Zone 2 location shall be permitted to be installed in a 
raceway, cable tray, or cable along with nonincendive field 
wiring circuits when installed in accordance with 
504.30(B). 

Exception No. 4: Intrinsically safe circuits passing through 
a Division 2 or Zone 2 location to supply apparatus that is 
located in a Division 1, Zone 0 or Zone 1 location shall be 
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permitted to be installed in a raceway, cable tray, or cable 
along with nonincendive field wiring circuits when installed 
in accordance with 504.30(B). 

Informational Note: Nonincendive field wiring circuits are 
described in 501.10(B)(3), 502.10(B)(3), and 503.10(A)(4). 

[ROP 14-120. ROP 14-123] 

(2) Within Enclosures. Conductors of intrinsically safe 
circuits shall be secured so that any conductor that might 
come loose from a terminal is unlikely to come into contact 
with another terminal. The conductors shall be separated 
from conductors of nonintrinsically safe circuits by one of 
the methods in (1) through (4). 

(1) Separation by at least 50 mm (2 in.) from conductors of 
any nonintrinsically safe circuits. 

(2) Separation from conductors of nonintrinsically safe cir¬ 
cuits by use of a grounded metal partition 0.91 mm 
(0.0359 in.) or thicker. 

(3) Separation from conductors of nonintrinsically safe cir¬ 
cuits by use of an approved insulating partition which 
shall extend to within 1.5 mm (.0625 in.) of the enclo¬ 
sure walls. 

(4) Where either (1) all of the intrinsically safe circuit con¬ 
ductors or (2) all of the nonintrinsically safe circuit 
conductors are in grounded metal-sheathed or metal- 
clad cables where the sheathing or cladding is capable 
of carrying fault current to ground. 

Informational Note No. 1: Cables meeting the requirements of 
Articles 330 and 332 are typical of th^p consiiMed 
acceptable. 

Informational Note No. 2: The use of separate wiring compart¬ 
ments for the intrinsically safe and nonintrinsically safetermi- 
nals is a typical method of complying with this rcquireirant. 

Informational Note No. 3: Physical barriers such as grounded 
metal partitions or approved insulating partitions or approved 
restricted access wiring ducts separated from other such ducts 
by at least 19 mm (% in.) can be usdii. to help ensure the 
required separation of the wiring. 

(3) Other (Not in Raceway or Cable Tray Systems). 

Conductors and cables of intrinsically safe circuits run in 
other than raceway or cable tray systems shall be separated 
by at least 50 mm (2 in.) and secured from conductors and 
cables of any nonintrinsically safe circuits. 

Exception: Where either (1) all of the intrinsically safe 
circuit conductors are in Type MI or MC cables or (2) all of 
the nonintrinsically safe circuit conductors are in raceways 
or Type MI or MC cables where the sheathing or cladding 
is capable of carrying fault current to ground. 

(B) From Different Intrinsically Safe Circuit Conduc¬ 
tors. The clearance between two terminals for connection 
of field wiring of different intrinsically safe circuits shall be 
at least 6 mm (0.25 in.), unless this clearance is permitted 
to be reduced by the control drawing. Different intrinsically 


safe circuits shall be separated from each other by one of 
the following means: 

(1) The conductors of each circuit are within a grounded 
metal shield. 

(2) The conductors of each circuit have insulation with a 
minimum thickness of 0.25 mm (0.01 in.). 

Exception: Unless otherwise identified. 

(C) From Grounded Metal. . The clearance between the 
uninsulated parts of field wiring conductors connected to 
terminals and grounded metal or other conducting parts 
shall be at least 3 mm (0.125 in.). 

504.50 Grounding. 

(A) Intrinsically Safe Apparatus, Enclosures, and Race¬ 
ways. Intrinsically safe apparatus, enclosures, and race¬ 
ways, if of metal, shall be connected to the equipment 
g ro Li n d i n gx'Ond u c toS 


(C) Connection to Grounding Electrodes. Where con¬ 
nection to a grounding electrode is required, the grounding 
electrode shall be as specified in 250.52(A)(1), (A)(2), 
(A)(3), and (A)(4) and shall comply with 250.30(A)(4). 
Sections 250.52(A)(5), (A)(7), and (A)(8) shall not be used 
if any of the electrodes specified in 250.52(A)(1), (A)(2), 
(A)(3), or (A)(4) are present. 

504.60 Bonding. 

(A) Hazardous Locations. In hazardous (classified) loca¬ 
tions, intrinsically safe apparatus shall be bonded in the 
hazardous (classified) location in accordance with 250.100. 

(B) Unclassified. In unclassified locations, where metal 
raceways are used for intrinsically safe system wiring in 
hazardous (classified) locations, associated apparatus shall 
be bonded in accordance with 501.30(A), 502.30(A), 
503.30(A), 505.25, or 506.25 as applicable. 




Informational Note: In addition to an equipment ground- 
conductOK connection,^ connection to a grounding 
rodejnay be needed for some associated apparatus, for 
example, zener diode barriers, if specified in the control 
drawing. See ANSI/ISA-RP 12.06.01-2003, Recommended 
Practice for Wiring Methods for Hazardous (Classified) Lo¬ 
ns Instrumentation — Part 1: Intrinsic Safety. 


Associated Apparatus and Cable Shields. Associated 
iparatus and cable shields shall be grounded in accor- 
ce with the required control drawing. See 504.10(A). 

Informational Note: Supplementary connection(s) to the 
grounding electrode may be needed for some associated 
apparatus, for example, zener diode barriers, if specified in 
the control drawing. See ANSI/ISA RP 12.06.01-2003, Rec¬ 
ommended Practice for Wiring Methods for Hazardous 
(Classified) Locations Instrumentation — Part 1: Intrinsic 
Safety. 
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504.70 Sealing. Conduits and cables that are required to be 
sealed by 501.15, 502.15, 505.16, and 506.16 shall be 
sealed to minimize the passage of gases, vapors, or dusts. 
Such seals shall not be required to be explosionproof or 
flameproof but shall be identified for the purpose of mini¬ 
mizing passage of gases, vapors, or dusts under normal 
operating conditions and shall be accessible. 

Exception: Seals shall not be required for enclosures that 
contain only intrinsically safe apparatus, except as re¬ 
quired by 501.17. 


ARTICLE 505 
Zone 0, 1, and 2 Locations 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 497-2008, Recom¬ 
mended Practice for the Classification of Flammable Liq¬ 
uids, Gases, or Vapors and of Hazardous (Classified) Lo¬ 
cations for Electrical Installations in Chemical Process 
Areas. Only editorial changes were made to the extracted 
text to make it consistent with this Code. 


504.80 Identification. Labels required by this section shall 
be suitable for the environment where they are installed 
with consideration given to exposure to chemicals and sun¬ 
light. 

(A) Terminals. Intrinsically safe circuits shall be identified 
at terminal and junction locations in a manner that is in¬ 
tended to prevent unintentional interference with the cir¬ 
cuits during testing and servicing. 

(B) Wiring. Raceways, cable trays, and other wiring meth¬ 

ods for intrinsically safe system wiring shall be idee 
with permanently affixed labels with the wording “In 
Safety Wiring” or equivalent. The labels shall be locate 
as to be visible after installation and placec^o that 
may be readily traced through the entire length of 
stallation. Intrinsic safety circuit labels S 
ery section of the wiring system than is 
sures, walls, partitions, or floors. Spaci veen 

shall not be more than 7.5 m (25 ft) 




Wderground shall be permitted to 
me accessible after emergence 


Exception: Circuits rui 
be identified where they 
from the ground. 


Informational Note No. 1: Wiring methods permitted in 
unclassified locations may be used for intrinsically safe sys¬ 
tems in hazardous (classified) locations. Without labels to 
identify the application of the wiring, enforcement authori¬ 
ties cannot determine that an installation is in compliance 
with this Code. 

Informational Note No. 2: In unclassified locations, iden¬ 
tification is necessary to ensure that nonintrinsically safe 
wire will not be inadvertently added to existing raceways at 
a later date. 

(C) Color Coding. Color coding shall be permitted to 
identify intrinsically safe conductors where they are col¬ 
ored light blue and where no other conductors colored light 
blue are used. Likewise, color coding shall be permitted to 
identify raceways, cable trays, and junction boxes where 
they are colored light blue and contain only intrinsically 
safe wiring. 


505.1 Scope. This article covers the requirements for the 
zone classification system as an alternative to the division 
classification system covered in Article 500 for electrical 
and electronic equipment and wiring for all voltages in 
Class I, Zone 0, Zone 1, and Zone 2 hazardous (classified) 
locations where fire or explosion hazards may exist due to 
flammable gases^apors, or liquids. 

nformational Note: For the requirements for electrical 
and electronic equipment and wiring for all voltages in 
Cl^ss I, Division 1 or Division 2; Class II, Division 1 or 
ision 2; and Class III, Division 1 or Division 2 hazard- 
s (classified) locations where fire or explosion hazards 
ay exist due to flammable gases or vapors, flammable 
liquids, or combustible dusts or fibers, refer to Articles 500 
ugh 504. 


505.2 Definitions. For purposes of this article, the follow¬ 
ing definitions apply. 

Combustible Gas Detection System. A protection tech¬ 
nique utilizing stationary gas detectors in industrial estab¬ 
lishments. 

Cord Connector. A fitting intended to terminate a cord to a 
box or similar device and reduce the strain at points of 
termination and may include an explosionproof, a dust ig¬ 
nition proof, or a flameproof seal. [ROP 14-llb] 

Electrical and Electronic Equipment. Materials, fittings, 
devices, appliances, and the like that are part of, or in 
connection with, an electrical installation. 

Informational Note: Portable or transportable equipment 
having self-contained power supplies, such as battery- 
operated equipment, could potentially become an ignition 
source in hazardous (classified) locations. 

Encapsulation “m.” Type of protection where electrical 
parts that could ignite an explosive atmosphere by either 
sparking or heating are enclosed in a compound in such a 
way that this explosive atmosphere cannot be ignited. 

Informational Note No. 1: See ANSI/ISA-60079-18 
(12.23.01)-2009, Explosive atmospheres - Part 18: Equip¬ 
ment protection by encapsulation "m"; and ANSI/UL 
60079-18-2009, Explosive atmospheres - Part 18: Equip¬ 
ment protection by encapsulation "m". [ROP 14-131] 
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Informational Note No. 2: Encapsulation is designated 
type of protection “ma” for use in Zone 0 locations. Encap¬ 
sulation is designated type of protection “m” or “mb” for 
use in Zone 1 locations. Encapsulation is designated type of 
protection “me” for use in Zone 2 locations. [ROP 14-131] 

Flameproof “d.” Type of protection where the enclosure 
will withstand an internal explosion of a flammable mixture 
that has penetrated into the interior, without sulfering dam¬ 
age and without causing ignition, through any joints or 
structural openings in the enclosure, of an external explo¬ 
sive gas atmosphere consisting of one or more of the gases 
or vapors for which it is designed. 


that an explosive atmosphere that may be above the liquid 
or outside the enclosure cannot be ignited. 

Informational Note: See ANSI/ISA-60079-6 (12.00.05)- 
2009, Explosive Atmospheres, Part 6: Equipment protec¬ 
tion by oil immersion “o”\ and ANSI/UL 60079-6, Electri¬ 
cal Apparatus for Explosive Gas Atmospheres — Part 6: 
Oil-Immersion “o. ” 

Powder Filling “q.” Type of protection where electrical 
parts capable of igniting an explosive atmosphere are fixed 
in position and completely surrounded by filling material 
(glass or quartz powder) to prevent the ignition of an ex¬ 
ternal explosive atmosphere. 


Informational Note: See ANSI/ISA-60079-1-2009 

(12.22.01), Explosive Atmospheres, Part 1: Equipment pro¬ 
tection by flameproof enclosures “d”\ and ANSI/UL 
60079-1, Electrical Apparatus for Explosive Gas Atmo¬ 
spheres — Part 1: Flameproof Enclosures “d. ” [ROP 
14-129] 

Increased Safety “e.” Type of protection applied to elec¬ 
trical equipment that does not produce arcs or sparks in 
normal service and under specified abnormal conditions, in 
which additional measures are applied so as to give in¬ 
creased security against the possibility of excessive tem¬ 
peratures and of the occurrence of arcs and sparks. 

Informational Note: See ANSI/ISA-60079-7 (12.16.01) 
2008, Explosive Atmospheres, Part 7: Equipment protec 
tion by increased safety “e”; and ANSI/UL 60079 
trical Apparatus for Explosive Gas Atmospheres ^ 

Increased Safety “e." 

Intrinsic Safety “i.” Type of protection whei 
thermal effect is incapable of causing ignition < cture 

of flammable or combustible mulertal lTKafiL unc ,.pre 
scribed test conditions. 

Informational Note No. 1: See ANSI/UL 913-19$® Intrin¬ 
sically Safe Apparatus and Associates Apparatus for Use in 
Class I, II, and III, Hazardous Locations ; ANSI/ISA- 
60079-11-2011 (12.02.01), Explosive Atmospheres: Part 
11: Equipment protection by intrinsic safety “i”\ and 
ANSI/UL 60079-11, Explosive Atmospheres, Part 11: 
Equipment protection by intrinsic safety “i. ” [ROP 
14-129] 

Informational Note No. 2: Intrinsic safety is designated 
type of protection “ia” for use in Zone 0 locations. Intrinsic 
safety is designated type of protection “ib” for use in Zone 
1 locations. Intrinsic safety is designated type of protection 
“ic” for use in Zone 2 locations. 

Informational Note No. 3: Intrinsically safe associated ap¬ 
paratus, designated by [ia], [ib], or [ic], is connected to 
intrinsically safe apparatus (“ia,” “ib,” or “ic,” respectively) 
but is located outside the hazardous (classified) location 
unless also protected by another type of protection (such as 
flameproof). 

Oil Immersion “o.” Type of protection where electrical 
equipment is immersed in a protective liquid in such a way 



Informational Note: See ANSI/ISA-60079-5 (12.00.04)- 
2009, Explosive Atmospheres, Part 5: Equipment protec¬ 
tion by powder filling "q”\ and ANSI/UL 60079-5, Electri¬ 
cal Apparatus fo^Kxplosive Gas Atmospheres — Part 5: 
Powder Fillii] 

Pressurization “p.” Type of protection for electrical equip¬ 
ment that tBes the technique of guarding against the ingress 
of the external atmosphere, which may be explosive, into 
an/effclosure by maintaining a protective gas therein at a 
pressure above that of the external atmosphere. 

Note: See ANSI/ISA-60079-2-2010 

losive Atmospheres, Part 2: Equipment pro- 
p'flfssurized enclosures ”p”\ and IEC 60079-13, 
ipparatus for explosive gas atmospheres — Part 
: Construction and use of rooms or buildings protected 
pressurization. [ROP 14-129] 

e of Protection “n.” Type of protection where electri- 
al equipment, in normal operation, is not capable of ignit¬ 
ing a surrounding explosive gas atmosphere and a fault 
capable of causing ignition is not likely to occur. 

Informational Note: See ANSI/UL 60079-15, Electrical 
Apparatus for Explosive Gas Atmospheres — Part 15: Tvpe 
of Protection “n”; and ANSI/ISA-60079-15-2009 
(12.12.02), Explosive Atmospheres - Part 15: Equipment 
protection by type of protection “n”. [ROP 14-129] 

Unclassified Locations. Locations determined to be neither 
Class I, Division 1; Class I, Division 2; Class I, Zone 0; 
Zone 1; Zone 2; Class II, Division 1; Class II, Division 2; 
Class III, Division 1; Class III, Division 2; or any combi¬ 
nation thereof. 

505.3 Other Articles. All other applicable rules contained 
in this Code shall apply to electrical equipment and wiring 
installed in hazardous (classified) locations. 

Exception: As modified by Article 504 and this article. 

505.4 General. 

(A) Documentation for Industrial Occupancies. All ar¬ 
eas in industrial occupancies designated as hazardous (clas¬ 
sified) locations shall be properly documented. This docu- 
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mentation shall be available to those authorized to design, 
install, inspect, maintain, or operate electrical equipment at 
the location. 

Informational Note: For examples of area classification 
drawings, see ANSI/API RP 505-1997, Recommended 
Practice for Classification of Locations for Electrical In¬ 
stallations at Petroleum Facilities Classified as Class I, 
Zone 0, Zone 1, or Zone 2; ANSI/ISA-TR(12.24.01)-1998 
(IEC 60079-10 Mod), Recommended Practice for Classifi¬ 
cation of Locations for Electrical Installations Classified as 
Class I, Zone 0, Zone L or Zone 2; IEC 60079-10-1995, 
Electrical Apparatus for Explosive Gas Atmospheres, Clas¬ 
sification of Hazardous Areas', and Model Code of Safe 
Practice in the Petroleum Industry, Part 15: Area Classifi¬ 
cation Code for Petroleum Installations, IP 15, The Insti¬ 
tute of Petroleum, London. 

(B) Reference Standards. Important information relating 
to topics covered in Chapter 5 may be found in other pub¬ 
lications. 

Informational Note No. 1: It is important that the authority 
having jurisdiction be familiar with recorded industrial ex¬ 
perience as well as with standards of the National Fire 
Protection Association (NFPA), the American Petroleum 
Institute (API), the International Society of Automation 
(ISA), and the International Electrotechnical Commission 
(IEC) that may be of use in the classification of var^ 
locations, the determination of adequate ventilation, am 
protection against static electricity and lightning hazard: 

Informational Note No. 2: For further information on thi 
classification of locations, see NFPA 497-2008, Recoin 
mended Practice for the Classification of Flammable Liq¬ 
uids, Gases, or Vapors and of Hazae^ms (Classified) Lo¬ 
cations for Electrical Installations mKBhei 
Areas; ANSI/API RP 505-1997, Recommended Practice for 
Classification of Locations for Electrical Mi Rations at 
Petroleum Facilities Classified as Class /. 1, 

or Zone 2; ANSI/ISA-TRa2.24.01)-199»EC 60079-10- 
Mod), Recommended Practice for Classification of Loca¬ 
tions for Electrical Installations Classified as Class I, Zone 
0, Zone 1, or Zone 2; IEC 6007^10-19^^ Electrical Ap¬ 
paratus for Explosive Gas Atmospheres Classification of 
Hazardous Areas; and Model Code of Safe Practice in the 
Petroleum Industry, Part 15: Area Classification Code for 
Petroleum Installations, IP 15, The Institute of Petroleum, 
London. 



shore oil and gas producing platforms, see ANSI/API RP 
14FZ-2000, Recommended Practice for Design and Instal¬ 
lation of Electrical Systems for Fixed and Floating Offshore 
Petroleum Facilities for Unclassified and Class I, Zone 0, 
Zone 1, and Zone 2 Locations. 

Informational Note No. 6: For further information on the 
installation of electrical equipment in hazardous (classified) 
locations in general, see IEC 60079-14-1996, Electrical ap¬ 
paratus for explosive gas atmospheres — Part 14: Electri¬ 
cal installations in explosive gas atmospheres (other than 
mines), and IEC 60079-16-1990, Electrical apparatus for 
explosive gas atmospheres — Part 16: Artificial ventilation 
for the protection of analyzer(s) houses. 

Informational Note No. 7: For further information on ap¬ 
plication of electrical equipment in hazardous (classified) 
locations in general, see ANSI/ISA-60079-0 (12.00.01)- 
2009, Explore Atmospheres - Part 0: Equipment - Gen¬ 
eral Requirements; ANSI/ISA-12.01.01-1999, Definitions 
and Information Pertaining to Electrical Apparatus in Haz¬ 
ardous (Classified) Locations; and ANSI/UL 60079-0, 
Elecmcal^^fcp'atus for Explosive Gas Atmospheres — 
rt 0: Genenil Requirements. [ROP 14-132] 

ssifications of Locations. 

lassification of Locations. Locations shall be classi- 
tied depending on the properties of the flammable gas, 
flammable liquid-produced vapor, combustible-liquid pro- 
ipors, combustible dusts, or fibers/flyings that may 
'esent, and the likelihood that a flammable or combus¬ 
tible concentration or quantity is present. Each room, sec¬ 
tion, or area shall be considered individually in determining 
its classification. Where pyrophoric materials are the only 
materials used or handled, these locations are outside the 
scope of this article. [ROP 14-136a] 

Informational Note No. 1: See 505.7 for restrictions on 
area classification. 

Informational Note No. 2: Through the exercise of inge¬ 
nuity in the layout of electrical installations for hazardous 
(classified) locations, it is frequently possible to locate 
much of the equipment in reduced level of classification or 
in an unclassified location and, thus, to reduce the amount 
of special equipment required. 



Informational Note No. 3: For further information on pro¬ 
tection against static electricity and lightning hazards in 
hazardous (classified) locations, see NFPA 77-2007, Rec¬ 
ommended Practice on Static Electricity; NFPA 780-2011, 
Standard for the Installation of Lightning Protection Sys¬ 
tems; and API RP 2003-1998, Protection Against Ignitions 
Arising Out of Static Lightning and Stray Currents. 

Informational Note No. 4: For further information on ven¬ 
tilation, see NFPA 30-2008, Flammable and Combustible 
Liquids Code, and ANSI/API RP 505-1997, Recommended 
Practice for Classification of Locations for Electrical In¬ 
stallations at Petroleum Facilities Classified as Class I, 
Zone 0, Zone 1, or Zone 2. 

Informational Note No. 5: For further information on elec¬ 
trical systems for hazardous (classified) locations on off- 


Rooms and areas containing ammonia refrigeration sys¬ 
tems that are equipped with adequate mechanical ventila¬ 
tion may be classified as “unclassified” locations. 

Informational Note: For further information regarding 
classification and ventilation of areas involving ammonia, 
see ANSI/ASHRAE 15-1994, Safety Code for Mechanical 
Refrigeration; and ANSI/CGA G2.1-1989 (14-39), Safety 
Requirements for the Storage and Handling of Anhydrous 
Ammonia. 

(B) Class I, Zone 0, 1, and 2 Locations. Class I, Zone 0, 
1, and 2 locations are those in which flammable gases or 
vapors are or may be present in the air in quantities suffi¬ 
cient to produce explosive or ignitible mixtures. Class I, 
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Zone 0, 1, and 2 locations shall include those specified in 
505(B)(1), (B)(2), and (B)(3). 

(1) Class I, Zone 0. A Class I, Zone 0 location is a loca¬ 
tion in which 

(1) Ignitible concentrations of flammable gases or vapors 
are present continuously, or 


Informational Note No. 1: Normal operation is considered 
the situation when plant equipment is operating within its 
design parameters. Minor releases of flammable material 
may be part of normal operations. Minor releases include 
the releases from mechanical packings on pumps. Failures 
that involve repair or shutdown (such as the breakdown of 
pump seals and flange gaskets, and spillage caused by ac¬ 
cidents) are not considered normal operation. 


(2) Ignitible concentrations of flammable gases or vapors 
are present for long periods of time. 

Informational Note No. 1: Asa guide in determining when 
flammable gases or vapors are present continuously or for 
long periods of time, refer to ANSI/API RP 505-1997, Rec¬ 
ommended Practice for Classification of Locations for 
Electrical Installations of Petroleum Facilities Classified as 
Class I, Zone 0, Zone 1 or Zone 2; ANSI/ISA-TR12.24.01- 
1998 (IEC 60079-10 Mod), Recommended Practice for 
Classification of Locations for Electrical Installations Clas¬ 
sified as Class I, Zone 0, Zone I, or Zone 2; IEC 60079- 
10-1995, Electrical apparatus for explosive gas atmo¬ 
spheres, classifications of hazardous areas ; and Area 
Classification Code for Petroleum Installations, Model 
Code, Part 15, Institute of Petroleum. 

Informational Note No. 2: This classification includes lo¬ 
cations inside vented tanks or vessels that contain volatile 
flammable liquids; inside inadequately vented spraying or 
coating enclosures, where volatile flammable solvents are 
used; between the inner and outer roof sections of a floating 
roof tank containing volatile flammable liquids; inside open 
vessels, tanks and pits containing volatile flammable liq¬ 
uids; the interior of an exhaust duct that is used to vent 
ignitible concentrations of gases or vapors; and inside 
adequately ventilated enclosures that contain normalU 
venting instruments utilizing or analyzing flammable fluidsi 
and venting to the inside of the enclosures. 

[ROP 14-138] 

(2) Class I, Zone 1. A Class I^-^pKie 1 locatlp^ is 
tion 

(1) In which ignitible concentratid^tstef flammable gases or 
vapors are likely to exist under normal operating con¬ 
ditions; or 


Informational Note No. 2: This classification usually in¬ 
cludes locations where volatile flammable liquids or lique¬ 
fied flammable gases are transferred from one container to 
another. In areas in the vicinity of spraying and painting 
operations where flammable solvents are used; adequately 
ventilated drying rooms or compartments for evaporation 
of flammable solvents; adequately ventilated locations con¬ 
taining fat and oil extraction equipment using volatile flam¬ 
mable solvents; portions of cleaning and dyeing plants 
where volatile flammable liquids are used; adequately ven¬ 
tilated gas generator rooms and other portions of gas manu¬ 
facturing plants where flammable gas may escape; inad¬ 
equately yantilated pump rooms for flammable gas or for 
volatile flammable litnWs; the interiors of refrigerators and 
freezers ih which volatile flammable materials are stored in 
the open, lightly stoppered, or in easily ruptured containers; 
Either locations where ignitible concentrations of flam- 
or gases are likely to occur in the course of 
nal operation but not classified Zone 0. 



Class I, Zone 2. A Class I, Zone 2 location is a loca- 

* 

ignitible concentrations of flammable gases or 
vapors are not likely to occur in normal operation and, 
if they do occur, will exist only for a short period; or 
In which volatile flammable liquids, flammable gases, 
or flammable vapors are handled, processed, or used 
but in which the liquids, gases, or vapors normally are 
confined within closed containers of closed systems 
from which they can escape, only as a result of acci¬ 
dental rupture or breakdown of the containers or sys¬ 
tem, or as a result of the abnormal operation of the 
equipment with which the liquids or gases are handled, 
processed, or used; or 


(2) In which ignitible concentrations of flammable gases or 
vapors may exist frequently because of repair or main¬ 
tenance operations or because of leakage; or 

(3) In which equipment is operated or processes are carried 
on, of such a nature that equipment breakdown or 
faulty operations could result in the release of ignitible 
concentrations of flammable gases or vapors and also 
cause simultaneous failure of electrical equipment in a 
mode to cause the electrical equipment to become a 
source of ignition; or 

(4) That is adjacent to a Class I, Zone 0 location from 
which ignitible concentrations of vapors could be com¬ 
municated, unless communication is prevented by ad¬ 
equate positive pressure ventilation from a source of 
clean air and effective safeguards against ventilation 
failure are provided. 


(3) In which ignitible concentrations of flammable gases or 
vapors normally are prevented by positive mechanical 
ventilation but which may become hazardous as a re¬ 
sult of failure or abnormal operation of the ventilation 
equipment; or 

(4) That is adjacent to a Class I, Zone 1 location, from 
which ignitible concentrations of flammable gases or 
vapors could be communicated, unless such communi¬ 
cation is prevented by adequate positive-pressure ven¬ 
tilation from a source of clean air and effective safe¬ 
guards against ventilation failure are provided. 

Informational Note: The Zone 2 classification usually in¬ 
cludes locations where volatile flammable liquids or flam¬ 
mable gases or vapors are used but which would become 
hazardous only in case of an accident or of some unusual 
operating condition. 
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505.6 Material Groups. For purposes of testing, approval, 
and area classification, various air mixtures (not oxygen 
enriched) shall be grouped as required in 505.6(A), (B), and 
(C). 

Informational Note No. 1: Group I is intended for use in 
describing atmospheres that contain firedamp (a mixture of 
gases, composed mostly of methane, found underground, 
usually in mines). This Code does not apply to installations 
underground in mines. See 90.2(B). 

[ROP 14-139] 


Informational Note: Group IIB is equivalent to Class I, 
Group C, as described in 500.6(A)(3). 

(C) Group IIA. Atmospheres containing acetone, ammo¬ 
nia, ethyl alcohol, gasoline, methane, propane, or flam¬ 
mable gas, flammable liquid-produced vapor, or combus¬ 
tible liquid-produced vapor mixed with air that may burn 
or explode, having either a maximum experimental safe 
gap (MESG) value greater than 0.90 mm or minimum ig¬ 
niting current ratio (MIC ratio) greater than 0.80. 
[497:3.3.5.2.3] 


Informational Note No. 2: The gas and vapor subdivision 
as described above is based on the maximum experimental 
safe gap (MESG), minimum igniting current (MIC), or 
both. Test equipment for determining the MESG is de¬ 
scribed in IEC 60079-1A-1975, Amendment No. 1 (1993), 
Construction and verification tests of flameproof enclosures 
of electrical apparatus', and UL Technical Report No. 58 
(1993). The test equipment for determining MIC is de¬ 
scribed in IEC 60079-11-1999, Electrical apparatus for ex¬ 
plosive gas atmospheres — Part 11: Intrinsic safety “i.” 
The classification of gases or vapors according to their 
maximum experimental safe gaps and minimum igniting 
currents is described in IEC 60079-12-1978, Classification 
of mixtures of gases or vapours with air according to their 
maximum experimental safe gaps and minimum igniting 
currents. 

Informational Note No. 3: Group II is currently s 
vided into Groups “IIA”, "IIB”, and “IIC”. Prior mark’ 
requirements allowed some types of protection to 
marked without a subdivision, showing 
Equipment so marked should be consider 
for Group IIC applications. [ROP 14 

Informational Note No. 4: It is necl 
ings of the different equipment marking? 
sifications be carefully observed to avoi 
Class I, Divisions 1 and 2,groups 





be as follows: 


Class I, Zone 0, 1, 


(A) Group IIC. Atmospheres containing,acetylene, hydro¬ 
gen, or flammable gas, flammale liquid-produced vapor, 
or combustible liquid-produced vapor mixed with air that 
may burn or explode, having either a maximum experimen¬ 
tal safe gap (MESG) value less than or equal to 0.50 mm or 
minimum igniting current ratio (MIC ratio) less than or 
equal to 0.45. [497:3.3.5.2.1] 


Informational Note: Group IIA is equivalent to Class I, 
Group D as described in 500.6(A)(4). 

505.7 Special Precaution. Article 505 requires equipment 
construction and installation that ensures safe performance 
under conditions of proper use and maintenance. 

Informational Note No. 1: It is important that inspection 
authontiesTBkusers exercise more than ordinary care with 
ard to thS installation and maintenance of electrical 
quipment in htSfctous (classified) locations. 

tional Note^ro. 2: Low ambient conditions require 
consideration. Electrical equipment depending on 
protection techniques described by 505.8(A) may not be 
table for use at temperatures lower than -20°C (—4°F) 
they are identified for use at lower temperatures. 

I lowe^er, at low ambient temperatures, flammable concen- 
jons of vapors may not exist in a location classified 
ass I, Zones 0, 1, or 2 at normal ambient temperature. 

(A) Implementation of Zone Classification System. 

Classification of areas, engineering and design, selection of 
equipment and wiring methods, installation, and inspection 
shall be performed by qualified persons. 

(B) Dual Classification. In instances of areas within the 
same facility classified separately. Class I, Zone 2 locations 
shall be permitted to abut, but not overlap. Class I, Division 
2 locations. Class I, Zone 0 or Zone 1 locations shall not 
abut Class I, Division 1 or Division 2 locations. 

(C) Reclassification Permitted. A Class I, Division 1 or 
Division 2 location shall be permitted to be reclassified as a 
Class I, Zone 0, Zone 1, or Zone 2 location, provided all of 
the space that is classified because of a single flammable 
gas or vapor source is reclassified under the requirements 


Informational Note: Group IIC is equivalent to a combi¬ 
nation of Class I, Group A, and Class I, Group B, as de¬ 
scribed in 500.6(A)(1) and (A)(2). 

(B) Group IIB. Atmospheres containing acetaldehyde, 
ethylene, or flammable gas, flammable liquid-produced va¬ 
por, or combustible liquid-produced vapor mixed with air 
that may burn or explode, having either maximum experi¬ 
mental safe gap (MESG) values greater than 0.50 mm and 
less than or equal to 0.90 mm or minimum igniting current 
ratio (MIC ratio) greater than 0.45 and less than or equal to 
0.80. [497:3.3.5.2.2] 


of this article. 

(D) Solid Obstacles. Flameproof equipment with flanged 
joints shall not be installed such that the flange openings 
are closer than the distances shown in Table 505.7(D) to 
any solid obstacle that is not a part of the equipment (such 
as steelworks, walls, weather guards, mounting brackets, 
pipes, or other electrical equipment) unless the equipment 
is listed for a smaller distance of separation. 

(E) Simultaneous Presence of Flammable Gases and 
Combustible Dusts or Fibers/Flyings. Where flammable 
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Table 505.7(D) Minimum Distance of Obstructions from 
Flameproof “d” Flange Openings 


Minimum Distance 

Gas Group 

mm 

in. 

IIC 

40 

l 37 /64 

IIB 

30 

P/lS 

IIA 

10 

25 /64 


(G) Encapsulation “m”. This protection technique shall 
be permitted for equipment in Class I, Zone 0, Zone 1, or 
Zone 2 locations for which it is identified. 

Informational Note: See Table 505.9(C)(2)(4) for the de¬ 
scriptions of subdivisions for encapsulation. 

(H) Powder Filling “q”. This protection technique shall 
be permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 


gases, combustible dusts, or fibers/flyings are or may be 
present at the same time, the simultaneous presence shall be 
considered during the selection and installation of the elec¬ 
trical equipment and the wiring methods, including the de¬ 
termination of the safe operating temperature of the electri¬ 
cal equipment. 

505.8 Protection Techniques. Acceptable protection tech¬ 
niques for electrical and electronic equipment in hazardous 
(classified) locations shall be as described in 505.8(A) 
through (I). 

Informational Note: For additional information, see 
ANSI/ISA-60079-0 (12.00.01)-2009, Explosive Atmo¬ 
spheres - Part 0: Equipment - General Requirements', 
ANSI/ISA-12.01.01-1999, Definitions and Information 
Pertaining to Electrical Apparatus in Hazardous (Classi¬ 
fied) Locations', and ANSI/UL 60079-0, Electrical Aj 
tus for Explosive Gas Atmospheres — Part 0: Gene 
quirements. [ROP 14-143] 

(A) Flameproof “d”. This protection teen 
permitted for equipment in Class I, ZoneJ or 
tions. 


(B) Purged and Pressurized, This protects 
shall be permitted for equipment in those Class 
Zone 2 locations for which it is identified. 



[technique 
'tone 1 or 


(C) Intrinsic Safety. This protection technique shall be 
permitted for apparatus and associated apparatus in Class I, 
Zone 0, Zone 1, or Zone 2 locations for which it is listed. 


(I) Combustible Gas Detection System. A combustible 
gas detection system shall be permitted as a means of pro¬ 
tection in industrial establishments with restricted public 
access and where the conditions of maintenance and super¬ 
vision ensure that only qualified persons service the instal¬ 
lation. Where such a system is installed, equipment speci¬ 
fied in 505.8(I)(M^^)(2), or (I)(3) shall be permitted. The 
type of detection equipment, its listing, installation loca¬ 
tion^), alarin and shutdown criteria, and calibration fre- 
quency,shail be documented when combustible gas detec¬ 
tors are/used as a protectib^fechnique. 

rmational Note No. 1: For further information, see 
ANSI/API RP 505-1997, Recommended Practice for Clas¬ 
sification of Locations for Electrical Installations at Petro¬ 
leum Facilities Classified as Class I, Zone 0, Zone 1, and 
2 . 

al Note No. 2: For further information, see 
ANSI/ISA-60079-29-2, Explosive Atmospheres - Part 29-2: 

detectors - Selection, installation, use and mainte¬ 
nance of detectors for flammable gases and oxygen. 

Informational Note No. 3: For further information, see 
ANSI/ISA-TR12.13.03-2009, Guide for Combustible Gas 
Detection as a Method of Protection. [ROP 14-143] 

(1) Inadequate Ventilation. In a Class I, Zone 1 location 
that is so classified due to inadequate ventilation, electrical 
equipment suitable for Class I, Zone 2 locations shall be 
permitted. Combustible gas detection equipment shall be 
listed for Class I, Zone 1, for the appropriate material 
group, and for the detection of the specific gas or vapor to 
be encountered. 


(D) Type of Protection “n”. This protection technique 
shall be permitted for equipment in Class I, Zone 2 loca¬ 
tions. Type of protection “n” is further subdivided into nA, 
nC, and nR. 

Informational Note: See Table 505.9(C)(2)(4) for the de¬ 
scriptions of subdivisions for type of protection “n”. 

(E) Oil Immersion “o”. This protection technique shall be 
permitted for equipment in Class I, Zone 1 or Zone 2 loca¬ 
tions. 

(F) Increased Safety “e”. This protection technique shall 
be permitted for equipment in Class I, Zone 1 or Zone 2 
locations. 


(2) Interior of a Building. In a building located in, or with 
an opening into, a Class I, Zone 2 location where the inte¬ 
rior does not contain a source of flammable gas or vapor, 
electrical equipment for unclassified locations shall be per¬ 
mitted. Combustible gas detection equipment shall be listed 
for Class I, Zone 1 or Class I, Zone 2, for the appropriate 
material group, and for the detection of the specific gas or 
vapor to be encountered. 

(3) Interior of a Control Panel. In the interior of a control 
panel containing instrumentation utilizing or measuring 
flammable liquids, gases, or vapors, electrical equipment 
suitable for Class I, Zone 2 locations shall be permitted. 
Combustible gas detection equipment shall be listed for 
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Class I, Zone 1, for the appropriate material group, and for Table 505.9(C)(1)(2) Material Groups 
the detection of the specific gas or vapor to be encountered. [ROP 14-147] 


505.9 Equipment. 

(A) Suitability. Suitability of identified equipment shall be 

determined by one of the following: 

(1) Equipment listing or labeling 

(2) Evidence of equipment evaluation from a qualified test¬ 
ing laboratory or inspection agency concerned with 
product evaluation 

(3) Evidence acceptable to the authority having jurisdiction 
such as a manufacturer’s self-evaluation or an owner’s 
engineering judgment 


Material Group 

Comment 

IIC 

See 505.6(A) 

IIB 

See 505.6(B) 

IIA 

See 505.6(C) 


(4) Protection technique(s) in accordance with Table 
505.9(C)(2)(4) 

(5) Applicable material group in accordance with Table 
505.9(C)(1)(2) or a specific gas or vapor [ROP 14-147, 
ROP 14-152a] 


Informational Note: Additional documentation for equip¬ 
ment may include certificates demonstrating compliance 
with applicable equipment standards, indicating special 
conditions of use, and other pertinent information. 

(B) Listing. 

(1) Equipment that is listed for a Zone 0 location shall be 
permitted in a Zone 1 or Zone 2 location of the same 
gas or vapor, provided that it is installed in accordance 
with the requirements for the marked type of 
tion. Equipment that is listed for a Zone 1 locatio 
be permitted in a Zone 2 location of the same 
vapor, provided that it is installed in accordance 
the requirements for the marked type 0 protection. 

(2) Equipment shall be permitted to .be listed for ft spe cifi 
gas or vapor, specific mixtures of gases or vapors, or 
any specific combination of gases o' 


Informational Note: One 
marked for “IIB. + H2^| 

(C) Marking. Equipment 
with 505.9(C)(1) or (C)(2). 




lpment 


in accordance 


(1) Division Equipment. Equipment identified for Class I, 
Division 1 or Class I, Division 2 shall, in addition to being 
marked in accordance with 500.8(C), be permitted to be 
marked with all of the following: 

(1) Class I, Zone 1 or Class I, Zone 2 (as applicable) 

(2) Applicable gas classification group(s) in accordance 
with Table 505.9(C)(1)(2) 

(3) Temperature classification in accordance with 
505.9(D)(1) 

(2) Zone Equipment. Equipment meeting one or more of 
the protection techniques described in 505.8 shall be 
marked with all of the following in the order shown: 

(1) Class 

(2) Zone 

(3) Symbol “AEx” 


(6) Tempera] 
505.9; 

Exce, 




classification in accordance with 


Associated apparatus NOT suitable for 
Tation in'^ftkazardous (classified) location shall be 
r uired to be marke^Lonly with (3), (4), and (5), but BOTH 
I AEx (3) cmd the symbol for the type of protec- 
r shall be enclosed within the same square brackets, 
ample, [AEx ia] IIC. 

No. 2: Simple apparatus as defined in 504.2 
be required to have a marked operating tempera- 
temperature class. 

Exception No. 3: Fittings for the termination of cables 
shall not be required to have a marked operating tempera¬ 
ture or temperature class. [ROP 14-152] 

[ROP 14-148] 

Informational Note No. 1: An example of the required 
marking for intrinsically safe apparatus for installation in 
Class I, Zone 0 is “Class I, Zone 0, AEx ia IIC T6.” An 
explanation of the marking that is required is shown in 
Informational Note Figure 505.9(C)(2). 

Informational Note No. 2: An example of the required 
marking for intrinsically safe associated apparatus mounted 
in a flameproof enclosure for installation in Class I, Zone 1 
is “Class I. Zone 1 AEx d[ia] IIC T4.” 

Informational Note No. 3: An example of the required 
marking for intrinsically safe associated apparatus NOT for 
installation in a hazardous (classified) location is “[AEx ia] 
IIC.” 

Informational Note No. 4: The EPL (or equipment protec¬ 
tion level) may appear in the product marking. EPLs are 
designated as G for gas, D for dust, or M for mining and 
are then followed by a letter (a, b, or c) to give the user a 
better understanding as to whether the equipment provides 
either (a) a “very high,” (b) a “high,” or (c) an “enhanced” 
level of protection against ignition of an explosive atmo¬ 
sphere. For example, an AEx d IIC T4 motor (which is 
suitable by protection concept for application in Zone 1) 
may additionally be marked with an EPL of “Gb” to indi¬ 
cate that it was provided with a high level of protection, 
such as AEx d IIC T4 Gb. 
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Informational Note No. 5: Equipment installed outside a 
Zone 0 location, electrically connected to equipment lo¬ 
cated inside a Zone 0 location, may be marked Class I, 
Zone 0/1. The indicates that equipment contains a sepa¬ 
ration element and can be installed at the boundary between 
a Zone 0 and a Zone 1 location. See ANSI/ISA-60079-26, 
Electrical Apparatus for Use in Class I, Zone 0 Hazardous 
(Classified) Locations. 


Table 505.9(C)(2)(4) Types of Protection Designation 


Example: Class I Zone 0 AEx ia 


IIC 


T6 


Area classification- 1 

Symbol for equipment built to American 
standards 


Type(s) of protection designation • 
Material group- 


Temperature classification- 

Informational Note Figure 
Marking. [ROP 14-149] 


505.9(C)(2) Zone Equipment 


(D) Class I Temperature. The temperature marking speci¬ 
fied below shall not exceed the autoignition temperature of 
the specific gas or vapor to be encountered. [ROP 14-153] 

Informational Note: For information regarding autoigni¬ 
tion temperatures of gases and vapors, see NFPA 497-2008, 
Recommended Practice for the Classification of Flam mab le 
Liquids, Gases, or Vapors and of Hazardous (Classif 
Locations for Electrical Installations in Chemical ProceS 
Areas’, and IEC 60079-20-1996, Electrical ^ffaratus ftffi 
Explosive Gas Atmospheres, Data for Flam 
and Vapours, Relating to the Use of Electricaf 
[ROP 14-146] 


(1) Temperature Classifications. Equip 
marked to show the operating temperature or 
class referenced to a 40°C ambient, or at the higj 
temperature if the equipment is rated and 



shall be 
nperature 
■ ambient 
fed for an 


ambient temperature of greater than 40°C. The' temperature 
class, if provided, shall be indicated usingUhe temperature 
class (T Code) shown in Table 505.9(D)(1). 

Electrical equipment designed for use in the ambient 
temperature range between -20°C and +40°C shall require 
no ambient temperature marking. 

Electrical equipment that is designed for use in a range 
of ambient temperatures other than -20°C to +40°C is con¬ 
sidered to be special; and the ambient temperature range 
shall then be marked on the equipment, including either the 
symbol “Ta” or “Tamb” together with the special range of 
ambient temperatures, in degrees Celsius. 

Informational Note: As an example, such a marking might 
be “-30°C to +40°C.” 

Exception No. 1: Equipment of the non-heat-producing 
type, such as conduit fittings, and equipment of the heat- 
producing type having a maximum temperature of not more 


Designation 

Technique 

Zone* 

d 

Flameproof enclosure 

1 

db 

Flameproof enclosure 

1 

e 

Increased safety 

1 

eb 

Increased safety 

1 

ia 

Intrinsic safety 

0 

ib 

Intrinsic safety 

1 

ic 

Intrinsic safety 

2 

[ia] 

Associated apparatus 

Unclassified** 

[ib] 

Associated apparatus 

Unclassified** 

[ic] 

Associated apparatus 

Unclassified** 

ma [ROP 14-150] 

Encapsulation 

0 

m 

Encapsulation 

1 

mb 

Encapsulation 

1 

me [ROP 14-150] 

Encapsulation 

2 

nA 

Nonsparking 

equipment 

2 

nAc 

^Nonsparking 

equipment 

2 

A 

Sparking equipment in 
which the contacts are 
suitabff^protected 
other than by restricted 
breathing enclosure 

2 

V 

Sparking equipment in 
which the contacts are 
suitably protected 
other than by restricted 
breathing enclosure 

2 

nR 

Restricted breathing 
enclosure 

2 

nRc 

Restricted breathing 
enclosure 

2 

0 

Oil immersion 

1 

ob 

Oil immersion 

1 

px 

Pressurization 

1 

pxb 

Pressurization 

1 

py 

Pressurization 

1 

pyb 

Pressurization 

1 

pz 

Pressurization 

2 

pzc 

Pressurization 

2 

q 

Powder filled 

1 

qb 

Powder filled 

1 


*Does not address use where a combination of techniques is used. 

**Associated apparatus is permitted to be installed in a hazardous 
(classified) location if suitably protected using another type of protec¬ 
tion. 


than 100°C (212°F) shall not be required to have a marked 
operating temperature or temperature class. 

Exception No. 2: Equipment identified for Class 1, Divi¬ 
sion 1 or Division 2 locations as permitted by 505.20(A), 
(B), and (C) shall be permitted to be marked in accordance 
with 500.8(C) and Table 500.8(C). [ROP 14-154] 

(E) Threading. The supply connection entry thread form 
shall be NPT or metric. Conduit and fittings shall be made 
wrenchtight to prevent sparking when fault current flows 
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Table 505.9(D)(1) Classification of Maximum Surface 
Temperature for Group II Electrical Equipment 


Temperature Class 
(T Code) 

Maximum Surface 
Temperature (°C) 

T1 

<450 

T2 

<300 

T3 

<200 

T4 

<135 

T5 

<100 

T6 

<85 


Informational Note: Threading specifications for metric 
threaded entries are located in ISO 965/1-1980, ISO gen¬ 
eral pupose metric screw threads — Tolerances — Part 1: 
Principles and basic data , and ISO 965-3-1998, ISO gen¬ 
eral purpose metric screw threads — Tolerances — Part 3: 
Deviations for constructional screw threads', and ISO 
965/3-1980, Metric Screw Threads. 

(3) Unused Openings. All unused openings shall be 
closed with close-up plugs listed for the location and shall 
maintain the type of protection. The plug engagement shall 
comply with 505.9(E)(1) or 505.9(E)(2). 


through the conduit system, and to ensure the explosion- 
proof or flameproof integrity of the conduit system where 
applicable. Equipment provided with threaded entries for 
field wiring connections shall be installed in accordance 
with 505.9(E)(1) or (E)(2) and with (E)(3). 

(1) Equipment Provided with Threaded Entries for 
NPT Threaded Conduit or Fittings. For equipment pro¬ 
vided with threaded entries for NPT threaded conduit or 
fittings, listed conduit, listed conduit fittings, or listed cable 
fittings shall be used. [ROP 14-155] 

All NPT threaded conduit and fittings referred to herein 
shall be threaded with a National (American) Stand; 

Taper (NPT) thread. 

NPT threaded entries into explosionproof or flame] 
equipment shall be made up with at least live threads fi 
engaged. 

Exception: For listed explosionpro 
ment, factory threaded NPT entries slit 
at least 4V2 threads fully 

Informational Note No. 

NPT threads are local 
Pipe Threads, General Pit 

Informational Note No. 2: Female NPT threaded entries 
use a modified National Standard Pipe Taper (NPT) thread 
with thread form per ANSI/. VS ME B1.20.1-1983. Pipe 
Threads, General Purpose (Inch). See ANSI UL/ISA 
60079-1, Electrical Apparatus for Explosive Gas Atmo¬ 
spheres - Part 1: Flameproof Enclosures “d". 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit or Fittings. For equipment 
with metric threaded entries, listed conduit fittings or listed 
cable fittings shall be used. Such entries shall be identified 
as being metric, or listed adapters to permit connection to 
conduit or NPT threaded fittings shall be provided with the 
equipment and shall be used for connection to conduit or 
NPT threaded fittings. 

Metric threaded entries into explosionproof or flame¬ 
proof equipment shall have a class of fit of at least 6g/6H 
and be made up with at least five threads fully engaged for 
Groups C, D, IIB, or IIA and not less than eight threads 
fully engaged for Groups A, B, IIC, or IIB + H 2 . 




atiori’&fbr male 
Bl.20.1-1983, 


(F) Optical Fiber Cables. Where an optical fiber cable 
contains conductors that are capable of carrying current 
(composite optical fiber cable), the optical fiber cable shall 
be installed in accordance with the requirements of Articles 
505.15 and ,505.16. 

505.15 Wiring Methods. Wiring methods shall maintain 
the4fltegrity of protection techniques and shall comply with 
15(A) through (C). [ROP 14-160, ROP 14-161, ROP 
tOP 14-16# ROP 14-165a, ROP 14-168, ROP 
tOP 14-169a] 



lass I, Zone 0. In Class I, Zone 0 locations, only 
lly safe wiring methods in accordance with Article 
shMT be permitted. 


(B) Class I, Zone 1. 

(1) General. In Class I, Zone 1 locations, the wiring meth¬ 
ods in (B)(1)(a) through (B)(1)(f) shall be permitted. 

(a) All wiring methods permitted by 505.15(A). 

(b) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installa¬ 
tion, and where the cable is not subject to physical damage. 
Type MC-HL cable listed for use in Class I, Zone 1 or 
Division 1 locations, with a gas/vaportight continuous cor¬ 
rugated metallic sheath, an overall jacket of suitable poly¬ 
meric material, and a separate equipment grounding con¬ 
ductors) in accordance with 250.122, and terminated with 
fittings listed for the application. 

(c) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installa¬ 
tion, and where the cable is not subject to physical damage, 
Type ITC-HL cable listed for use in Class I, Zone 1 or 
Division 1 locations, with a gas/vaportight continuous cor¬ 
rugated metallic sheath and an overall jacket of suitable 
polymeric material, and terminated with fittings listed for 
the application. Type ITC-HL cable shall be installed in 
accordance with the provisions of Article 727. 

Informational Note: See 727.4 and 727.5 for restrictions 
on use of Type ITC cable. 
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(d) Type MI cable terminated with fittings listed for 
Class I, Zone 1 or Division 1 locations. Type MI cable shall 
be installed and supported in a manner to avoid tensile 
stress at the termination fittings. 

(e) Threaded rigid metal conduit, or threaded steel in¬ 
termediate metal conduit. 

(f) Type PVC conduit and Type RTRC conduit shall be 
permitted where encased in a concrete envelope a minimum 
of 50 mm (2 in.) thick and provided with not less than 
600 mm (24 in.) of cover measured from the top of the 
conduit to grade. Threaded rigid metal conduit or threaded 
steel intermediate metal conduit shall be used for the last 
600 mm (24 in. ) of the underground run to emergence or to 
the point of connection to the aboveground raceway. An 
equipment grounding conductor shall be included to pro¬ 
vide for electrical continuity of the raceway system and for 
grounding of non-current-carrying metal parts. 

(g) Intrinsic safety type of protection “ib” shall be 
permitted using the wiring methods specified in Article 
504. 

Informational Note: For entry into enclosures required to 
be flameproof, explosionproof, or increased safety, see fur¬ 
ther information on construction, testing and marking of 
cables, flameproof and increased safety cable fittings, and 
flameproof and increased safety cord connectors, In 
ANSI/UL 2225-2011, Cables and Cable-Fittings for Use in 
Hazardous (Classified) Locations. 

(h) Fiber Optic cables of the types 
OFNR, OFCR, OFNG, OFCG, OFN, and 
permitted to be installed in raceways as statj 
These Fiber Optic cables shall be sealed in ai 
505.16. 

Informational Note: For entry inj^HIclosures requn 
be flameproof, explosionprooCor increased safety, 
ther information on constructio% testing and mftdng of 
cables, flameproof and increased safety cable fittings, and 
flameproof and increased safety cord coru^^ors, In 
ANSI/UL 2225-2011, Cables and Cam-Fittingffor Use in 
Hazardous (Classified) Locations. 

(2) Flexible Connections. Where necessary to employ 
flexible connections, flexible fittings listed for Class I, Zone 
1 or Division 1 locations, or flexible cord in accordance 
with the provisions of 505.17(A) terminated with a listed 
cord connector that maintains the type of protection of the 
terminal compartment, shall be permitted. 

(C) Class I, Zone 2. 



(c) Type ITC and Type ITC-ER cable as permitted in 
727.4 and terminated with listed fittings. 

(d) Type PLTC and Type PLTC-ER cable in accor¬ 
dance with the provisions of Article 725, including instal¬ 
lation in cable tray systems. The cable shall be terminated 
with listed fittings. 

(e) Enclosed gasketed busways, enclosed gasketed 
wireways. 

(f) In industrial establishments with restricted public 
access, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the installa¬ 
tion, and where metallic conduit does not provide sufficient 
corrosion resistance, listed reinforced thermosetting resin 
conduit (RTRC), factory elbows, and associated fittings, all 
marked with the suffix -XW, and Schedule 80 PVC conduit, 
factory elbows, ar^Hssociated fittings shall be permitted. 
Where seals are required for boundary conditions as de¬ 
fined in 505.16(C)(1)(b), the Zone 1 wiring method shall 
extend into the Zone 2 area to the seal, which shall be 
located c)n the Zone 2 side of the Zone 1-Zone 2 boundary. 

Intrinsic safety tyfie of protection “ic” shall be 
permitted using any of the wiring methods permitted for 
unclassified locations. Intrinsic safety type of protection 
“ic” systems shall be installed in accordance with the con- 
awing(s). Simple apparatus, not shown on the control 
drawing, shall be permitted in an intrinsic safety type of 
ectionic” circuit, provided the simple apparatus does 
ipt interconnect the intrinsic safety type of protection “ic” 
terns to any other circuit. 

Informational Note: Simple apparatus is defined in 504.2. 

(h) Fiber optic cables of the types OFNP, OFCP, 
OFNR, OFCR, OFNG, OFCG, OFN, and OFC shall be 
permitted to be installed in cable trays or any other raceway 
as stated in 505.15(C). Fiber optic cables shall be sealed in 
accordance with 505.16. 

Separate intrinsic safety type of protection “ic” systems 
shall be installed in accordance with one of the following: 

(1) In separate cables 

(2) In multiconductor cables where the conductors of each 
circuit are within a grounded metal shield 

(3) In multiconductor cables where the conductors of each 
circuit have insulation with a minimum thickness of 
0.25 mm (0.01 in.) 


(1) General. In Class I, Zone 2 locations, the following 
wiring methods shall be permitted. 

(a) All wiring methods permitted by 505.15(B). 

(b) Types MC, MV, TC, or TC-ER cable, including 
installation in cable tray systems. The cable shall be termi¬ 
nated with listed fittings. Single conductor Type MV cables 
shall be shielded or metallic-armored. 


(2) Flexible Connections. Where provision must be made 
for limited flexibility, flexible metal fittings, flexible metal 
conduit with listed fittings, liquidtight flexible metal con¬ 
duit with listed fittings, liquidtight flexible nonmetallic con¬ 
duit with listed fittings, or flexible cord in accordance with 
the provisions of 505.17 terminated with a listed cord con¬ 
nector that maintains the type of protection of the terminal 
compartment shall be permitted. 
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Informational Note: See 505.25(B) for grounding require¬ 
ments where flexible conduit is used. 


(B) Zone 1. In Class I, Zone 1 locations, seals shall be 
located in accordance with 505.16(B)(1) through (B)(8). 


Exception: For elevator use, an identified elevator cable, 
type EO, ETP, or ETT, and as shown under the “use” 
column in Table 400.4 for “Hazardous (classified) loca¬ 
tions ” and terminated with listed connectors that maintain 
the type of protection of the terminal compartment shall be 
permitted. 

505.16 Sealing and Drainage. Seals in conduit and cable 
systems shall comply with 505.16(A) through (E). Sealing 
compound shall be used in Type MI cable termination fit¬ 
tings to exclude moisture and other fluids from the cable 
insulation. 


(1) Type of Protection “d” or “e” Enclosures. Conduit 
seals shall be provided within 50 mm (2 in.) for each con¬ 
duit entering enclosures having type of protection “d” or 
“e.” 

Exception No. 1: Where the enclosure having type of pro¬ 
tection “d” is marked to indicate that a seal is not required. 

Exception No. 2: For type of protection “e, ” conduit and 
fittings employing only NPT to NPT raceway joints or fit¬ 
tings listed for type of protection “e” shall be permitted 
between the enclosure and the seal, and the seal shall not 


Informational Note No. 1: Seals are provided in conduit 
and cable systems to minimize the passage of gases and 
vapors and prevent the passage of flames from one portion 
of the electrical installation to another through the conduit. 
Such communication through Type MI cable is inherently 
prevented by construction of the cable. Unless specifically 
designed and tested for the purpose, conduit and cable seals 
are not intended to prevent the passage of liquids, gases, or 
vapors at a continuous pressure differential across the seal. 
Even at differences in pressure across the seal equivalent to 
a few inches of water, there may be a slow passage of gas 
or vapor through a seal and through conductors pa: 
through the seal. See 505.16(C)(2)(b). Temperature 
tremes and highly corrosive liquids and vapors can a: 
the ability of seals to perform their intended function. 
505.16(D)(2). 

Informational Note No. 2: Gas c 
propagation of flames may occur tl 
between the strands of standard stran 
than 2 AWG. Special conductor construciioifeff ample 
compacted strands or sealing of the individual ds, are 
means of reducing leakage and preventing the igation 
of flames. 





(A) Zone 0. In Class I, Zone 0 location!, seals shall be 
located according to 505.16(^Q^ (A)(2), and (A)(3). 

(1) Conduit Seals. Seals shall bd-fpbvided within 3.05 m 
(10 ft) of where a conduit leaves a Zone 0 location. There 
shall be no unions, couplings, boxes, or fittings, except 
listed reducers at the seal, in the conduit run between the 
seal and the point at which the conduit leaves the location. 


be required to be within 50 mm (2 in.) of the entry. 

Informational Note: Examples of fittings employing other 
than NPTvthreads include conduit couplings, capped el¬ 
bows* unions, and breather drains. 

Exception No. ‘^kpor conduit installed between type of 
tection “e” enclosures employing only NPT to NPT 
'racewaf joints or conduit fittings listed for type of protec- 
on ci seal shall not be required. 

(2$( Explosionproof Equipment. Conduit seals shall be 
provided for each conduit entering explosionproof equip- 
aSording to (B)(2)(a), (B)(2)(b), and (B)(2)(c). 

(a) In each conduit entry into an explosionproof enclo¬ 
sure where either (1) the enclosure contains apparatus, such 
as switches, circuit breakers, fuses, relays, or resistors, that 
may produce arcs, sparks, or high temperatures that are 
considered to be an ignition source in normal operation, or 

(2) the entry is metric designator 53 (trade size 2) or larger 
and the enclosure contains terminals, splices, or taps. For 
the purposes of this section, high temperatures shall be 
considered to be any temperatures exceeding 80 percent of 
the autoignition temperature in degrees Celsius of the gas 
or vapor involved. 

Exception: Conduit entering an enclosure where such 
switches, circuit breakers, fuses, relays, or resistors comply 
with one of the following: 


Exception: A rigid unbroken conduit that passes com¬ 
pletely through the Zone 0 location with no fittings less 
than 300 mm (12 in.) beyond each boundary shall not be 
required to be sealed if the termination points of the unbro¬ 
ken conduit are in unclassified locations. 

(2) Cable Seals. Seals shall be provided on cables at the 
first point of termination after entry into the Zone 0 loca¬ 
tion. 

(3) Not Required to Be Explosionproof or Flameproof. 

Seals shall not be required to be explosionproof or flame¬ 
proof. 


(1) Are enclosed within a chamber hermetically sealed 
against the entrance of gases or vapors. 

(2) Are immersed in oil. 

(3) Are enclosed within a factory-sealed explosionproof 
chamber located within the enclosure, identified for the 
location, and marked “factory sealed" or equivalent, 
unless the entry is metric designator 53 (trade size 2) 
or larger. Factory-sealed enclosures shall not be con¬ 
sidered to serve as a seal for another adjacent explo¬ 
sionproof enclosure that is required to have a conduit 
seal. 
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(b) Conduit seals shall be installed within 450 mm 
(18 in.) from the enclosure. Only explosionproof unions, 
couplings, reducers, elbows, capped elbows, and conduit 
bodies similar to L, T, and cross types that are not larger 
than the trade size of the conduit shall be permitted be¬ 
tween the sealing fitting and the explosionproof enclosure. 

(c) Where two or more explosionproof enclosures for 
which conduit seals are required under 505.16(B)(2) are 
connected by nipples or by runs of conduit not more than 
900 mm (36 in.) long, a single conduit seal in each such 
nipple connection or run of conduit shall be considered 
sufficient if located not more than 450 mm (18 in.) from 
either enclosure. 

(3) Pressurized Enclosures. Conduit seals shall be pro¬ 
vided in each conduit entry into a pressurized enclosure 
where the conduit is not pressurized as part of the protec¬ 
tion system. Conduit seals shall be installed within 450 mm 
(18 in.) from the pressurized enclosure. 

Informational Note No. 1: Installing the seal as close as 
possible to the enclosure reduces problems with purging the 
dead airspace in the pressurized conduit. 

Informational Note No. 2: For further information, see 
NFPA 496-2008, Standard for Purged and Pressurized En¬ 
closures for Electrical Equipment. 

(4) Class I, Zone 1 Boundary. Conduit seals shall be pro¬ 
vided in each conduit run leaving a Class I, 
tion. The sealing fitting shall be permitted on ei; 


the boundary of such location within 3.05 
boundary and shall be designed and install 
mize the amount of gas or vapor within the 
of the conduit from being communic; 
beyond the seal. Except for listed explosioi 
at the conduit seal, there shalHbttno union, c 
or fitting between the conduit seal and the poi: 
the conduit leaves the Zone 1 locafl 

Exception: Metal conduit containing no unions, couplings, 
boxes, or fittings and passing completely tnrough a Class I, 
Zone 1 location with no fittings less than 300 mm (12 in.) 
beyond each boundary shall not require a conduit seal if 
the termination points of the unbroken conduit are in un¬ 
classified locations. 

(5) Cables Capable of Transmitting Gases or Vapors. 

Conduits containing cables with a gas/vaportight continu¬ 
ous sheath capable of transmitting gases or vapors through 
the cable core shall be sealed in the Zone 1 location after 
removing the jacket and any other coverings so that the 
sealing compound surrounds each individual insulated con¬ 
ductor or optical fiber tube and the outer jacket. [ROP 
14-172] 

Exception: Multiconductor cables with a gas/vaportight 
continuous sheath capable of transmitting gases or vapors 
through the cable core shall be permitted to be considered 


as a single conductor by sealing the cable in the conduit 
within 450 mm (18 in.) of the enclosure and the cable end 
within the enclosure by an approved means to minimize the 
entrance of gases or vapors and prevent the propagation of 
flame into the cable core, or by other approved methods. 
For shielded cables and twisted pair cables, it shall not be 
required to remove the shielding material or separate the 
twisted pair. 

(6) Cables Incapable of Transmitting Gases or Vapors. 

Each multiconductor or optical multifiber cable in conduit 
shall be considered as a single conductor or single optical 
fiber tube if the cable is incapable of transmitting gases or 
vapors through the cable core. These cables shall be sealed 
in accordance with 505.16(D). [ROP 14-173] 


(7) Cables Enter; 

vided for each 
enclosures. 




nclosures. Cable seals shall be pro¬ 
entering flameproof or explosionproof 
all comply with 505.16(D). 


Zone 1 Bandary. Cables shall be sealed at 
at which they leave the Zone 1 location. 

tere cable is sealed at the termination point. 

In Class I, Zone 2 locations, seals shall be 
dance with 505.16(C)(1) and (C)(2). 

Seals. Conduit seals shall be located in accor- 
ce with (C)(1)(a) and (C)(1)(b). 


(a) For connections to enclosures that are required to 
flameproof or explosionproof, a conduit seal shall be 

provided in accordance with 505.16(B)(1) and (B)(2). All 
portions of the conduit run or nipple between the seal and 
enclosure shall comply with 505.16(B). [ROP 14-53] 

(b) In each conduit run passing from a Class I, Zone 2 
location into an unclassified location. The sealing fitting 
shall be permitted on either side of the boundary of such 
location within 3.05 m (10 ft) of the boundary and shall be 
designed and installed so as to minimize the amount of gas 
or vapor within the Zone 2 portion of the conduit from 
being communicated to the conduit beyond the seal. Rigid 
metal conduit or threaded steel intermediate metal conduit 
shall be used between the sealing fitting and the point at 
which the conduit leaves the Zone 2 location, and a 
threaded connection shall be used at the sealing fitting. 
Except for listed explosionproof reducers at the conduit 
seal, there shall be no union, coupling, box, or fitting be¬ 
tween the conduit seal and the point at which the conduit 
leaves the Zone 2 location. Conduits shall be sealed to 
minimize the amount of gas or vapor within the Class I, 
Zone 2 portion of the conduit from being communicated to 
the conduit beyond the seal. Such seals shall not be re¬ 
quired to be flameproof or explosionproof but shall be iden¬ 
tified for the purpose of minimizing passage of gases under 
normal operating conditions and shall be accessible. 
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Exception No. 1: Metal conduit containing no unions, cou¬ 
plings, boxes, or fittings and passing completely through a 
Class I, Zone 2 location with no fittings less than 300 mm 
(12 in.) beyond each boundary shall not be required to be 
sealed if the termination points of the unbroken conduit are 
in unclassified locations. 

Exception No. 2: Conduit systems terminating at an un¬ 
classified location where a wiring method transition is 
made to cable tray, cablebus, ventilated busway, Type MI 
cable, or cable that is not installed in a raceway or cable 
tray system shall not be required to be sealed where pass¬ 
ing from the Class I, Zone 2 location into the unclassified 
location. The unclassified location shall be outdoors or, if 
the conduit system is all in one room, it shall be permitted 
to be indoors. The conduits shall not terminate at an enclo¬ 
sure containing an ignition source in normal operation. 
Exception No. 3: Conduit systems passing from an enclo¬ 
sure or room that is unclassified as a result of pressuriza¬ 
tion into a Class I, Zone 2 location shall not require a seal 
at the boundary. 

Informational Note: For further information, refer to 

NFPA 496-2008, Standard for Purged and Pressurized En¬ 
closures for Electrical Equipment. 

Exception No. 4: Segments of aboveground conduit 
shall not be required to be sealed where passing 
Class I, Zone 2 location into an unclassified location \ 
the following conditions are met: 


(1) No part of the conduit sy. 
through a Zone 0 or Zone 1 locatn 
contains unions, couplings, boxes, 
300 mm (12 in.) of the Zone• 

(2) The conduit sysU 
outdoor locations. 

(3) The conduit syst ' 
nected to canned pumps, pro, 
flow, pressure, or analysis meal, 
depend on a single compression se, 


passe\ 


legmen. 



egment islnot directly con- 
'SSt,or senffiijk connections for 
and so forth, that 
diaphragm, or tube to 


prevent flammable or combustible fluids from entering the 
conduit system. 

(4) The conduit system segment contains only threaded 
metal conduit, unions, couplings, conduit bodies, and fit¬ 
tings in the unclassified location. 

(5) The conduit system segment is sealed at its entry to 
each enclosure or fitting housing term inals, splices, or taps 
in Zone 2 locations. 

(2) Cable Seals. Cable seals shall be located in accordance 
with (C)(2)(a), (C)(2)(b), and (C)(2)(c). 


sheath capable of transmitting gases or vapors through the 
cable core shall be sealed in the Zone 2 location after re¬ 
moving the jacket and any other coverings so that the seal¬ 
ing compound surrounds each individual insulated conduc¬ 
tor or optical fiber tube in such a manner as to minimize the 
passage of gases and vapors. Multiconductor or optical 
multifiber cables in conduit shall be sealed as described in 
505.16(B)(4). [ROP 14-174] 

Exception No. 1: Cables passing from an enclosure or 
room that is unclassified as a result of Type Z pressuriza¬ 
tion into a Zone 2 location shall not require a seal at the 
boundary. 

Exception No. 2: Shielded cables and twisted pair cables 
shall not require the removal of the shielding material or 
separation ofjfee twisted pairs, provided the termination is 
means to minimize the entrance of gases or 
revent propagation of flame into the cable 




Cable^^^it Will Not Transmit Gases or Vapors. 
with a gas/vaportight continuous sheath and that 
ansmit gas*, or vapors through the cable core in 
the quantity permitted for seal fittings shall not be 
to be sealed except as required in 505.16(C)(2)(a). 
nimum length of such cable run shall not be less 
■length that limits gas or vapor flow through the 
ore to the rate permitted for seal fittings [200 cm 3 /hr 
(0.007 ft 3 /hr) of air at a pressure of 1500 pascals (6 in. of 
water)]. 

Informational Note No. 1: For further information on con¬ 
struction, testing and marking of cables, cable fittings, and 
cord connectors, see ANSI/UL 2225-2011, Cables and 
Cable-Fittings for Use in Hazardous (Classified) Locations. 

[ROP 14-175] 

Informational Note No. 2: The cable core does not include 
the interstices of the conductor strands. 

(c) Cables Capable of Transmitting Gases or Vapors. 
Cables with a gas/vaportight continuous sheath capable of 
transmitting gases or vapors through the cable core shall 
not be required to be sealed except as required in 
505.16(C)(2)(a), unless the cable is attached to process 
equipment or devices that may cause a pressure in excess of 
1500 pascals (6 in. of water) to be exerted at a cable end, in 
which case a seal, barrier, or other means shall be provided 
to prevent migration of flammables into an unclassified 
area. 

Exception: Cables with an unbroken gas/vaportight con¬ 
tinuous sheath shall be permitted to pass through a Class I, 
Zone 2 location without seals. 


(a) Explosionproof and Flameproof Enclosures. 
Cables entering enclosures required to be flameproof or 
explosionproof shall be sealed at the point of entrance. The 
seal shall comply with 505.16(D). Multiconductor or opti¬ 
cal multifiber cables with a gas/vaportight continuous 


(d) Cables Without Gas/Vaportight Continuous Sheath. 
Cables that do not have gas/vaportight continuous sheath 
shall be sealed at the boundary of the Zone 2 and unclassi¬ 
fied location in such a manner as to minimize the passage 
of gases or vapors into an unclassified location. 
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Informational Note: The cable sheath may be either metal 
or a nonmetallic material. 

(D) Class I, Zones 0, 1, and 2. Where required, seals in 
Class I, Zones 0, 1, and 2 locations shall comply with 
505.16(D)(1) through (D)(5). 

(1) Fittings. Enclosures for connections or equipment shall 
be provided with an integral means for sealing, or sealing 
fittings listed for the location shall be used. Sealing fittings 
shall be listed for use with one or more specific compounds 
and shall be accessible. 

(2) Compound. The compound shall provide a seal against 
passage of gas or vapors through the seal fitting, shall not 
be affected by the surrounding atmosphere or liquids, and 
shall not have a melting point less than 93°C (200°F). 

(3) Thickness of Compounds. In a completed seal, the 
minimum thickness of the sealing compound shall not be 
less than the trade size of the sealing fitting and, in no case, 
less than 16 mm ( 5 /s in.). 

Exception: Listed cable sealing fittings shall not be re¬ 
quired to have a minimum thickness equal to the trade size 
of the fitting. 

(4) Splices and Taps. Splices and taps shall not be made in 
fittings intended only for sealing with compound, nor shall 
other fittings in which splices or taps are made be filled 
with compound. 

(5) Conductor or Optical Fiber Fill. The 

area of the conductors or optical fibi 
nonmetallic) permitted in a seal s 
of the cross-sectional area of 
same trade size unless it is sp> 
percentage of fill. [ROP 14-176] 

(E) Drainage. 

(1) Control Equipment. Where there is a probability that 
liquid or other condensed vapor may be trapped within 
enclosures for control equipment or at any point in the 
raceway system, approved means shall be provided to pre¬ 
vent accumulation or to permit periodic draining of such 
liquid or condensed vapor. 

(2) Motors and Generators. Where liquid or condensed 
vapor may accumulate within motors or generators, joints 
and conduit systems shall be arranged to minimize entrance 
of liquid. If means to prevent accumulation or to permit 
periodic draining are necessary, such means shall be pro¬ 
vided at the time of manufacture and shall be considered an 
integral part of the machine. [ROP 14-177] 

505.17 Flexible Cords and Connections. [ROP 14-180] 


(A) Flexible Cords, Class I, Zones 1 and 2. A flexible 
cord shall be permitted for connection between portable 
lighting equipment or other portable utilization equipment 
and the fixed portion of their supply circuit. Flexible cord 
shall also be permitted for that portion of the circuit where 
the fixed wiring methods of 505.15(B) and (C) cannot pro¬ 
vide the necessary degree of movement for fixed and mo¬ 
bile electrical utilization equipment, in an industrial estab¬ 
lishment where conditions of maintenance and engineering 
supervision ensure that only qualified persons install and 
service the installation, and the flexible cord is protected by 
location or by a suitable guard from damage. The length of 
the flexible cord shall be continuous. Where flexible cords 
are used, the cords shall comply with the following: [ROP 
14-178] 

for extra-hard usage 
to the conductors of the circuit, an 
tiding conductor complying with 


(1) Be of a type 

(2) Contain, 


equipmi 
400. 





or to supply conductors in an 


"nnected to termit 
proved Planner 

Red by clamps or by other suitable means in 
'manner that there will be no tension on the 
connections 

fed with a listed cord connector that main- 
* type of protection where the flexible cord en¬ 
ters boxes, fittings, or enclosures that are required to be 
explosionproof or flameproof 

Cord entering an increased safety “e” enclosure shall 
be terminated with a listed increased safety “e” cord 
connector. 

Informational Note: See 400.7 for permitted uses of flex¬ 
ible cords. 

Electric submersible pumps with means for removal 
without entering the wet-pit shall be considered portable 
utilization equipment. The extension of the flexible cord 
within a suitable raceway between the wet-pit and the 
power source shall be permitted. 

Electric mixers intended for travel into and out of open- 
type mixing tanks or vats shall be considered portable uti¬ 
lization equipment. 

Informational Note: See 505.18 for flexible cords exposed 
to liquids having a deleterious effect on the conductor 
insulation. 


(B) Instrumentation Connections for Zone 2. To facili¬ 
tate replacements, process control instruments shall be per¬ 
mitted to be connected through flexible cord, attachment 
plug, and receptacle, provided all of the following condi¬ 
tions apply: 

(1) A switch identified for Zone 2 is provided so that the 
attachment plug is not depended on to interrupt current, 
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unless the circuit is type of protection "ia, ib, or ic" 
then the switch is not required . 

(2) The current does not exceed 3 amperes at 120 volts, 
nominal. 

(3) The power-supply cord does not exceed 900 mm (3 ft), 
is of a type listed for extra-hard usage or for hard usage 
if protected by location, and is supplied through an 
attachment plug and receptacle of the locking and 
grounding type. 

(4) Only necessary receptacles are provided. 

(5) The receptacle carries a label warning against unplug¬ 
ging under load. 

[ROP 14-180] 


(C) Zone 2. In Class I, Zone 2 locations, only equipment 
specifically listed and marked as suitable for the location 
shall be permitted. 

Exception No. 1: Equipment listed for use in Zone 0 or 
Zone 1 locations for the same gas, or as permitted by 
505.9(B)(2), and with a suitable temperature class, shall be 
permitted. 

Exception No. 2: Equipment identified for Class I, Zone 1 
or Zone 2 type of protection “p ” shall be permitted. 
Exception No. 3: Equipment identified for use in Class I, 
Division 1 or Division 2 locations for the same gas, or as 
permitted by 505.9(B)(2), and with a suitable temperature 
class shall be permitted. 


505.18 Conductors and Conductor Insulation. 

(A) Conductors. For type of protection “e,” field wiring 
conductors shall be copper. Every conductor (including 
spares) that enters Type “e” equipment shall be terminated 
at a Type “e” terminal. 

(B) Conductor Insulation. Where condensed vapors or 
liquids may collect on, or come in contact with, the insula¬ 
tion on conductors, such insulation shall be of a type iden¬ 
tified for use under such conditions, or the insulatic 
be protected by a sheath of lead or by other app 


505.19 Uninsulated Exposed Parts. Tb 

insulated exposed parts, such as 
buses, terminals, or components thai 
30 volts (15 volts in wet locations). Thi 
tionally be protected by type jof ijiroteKti 
is suitable for the locatio 


505.20 Equipment Reqi 

(A) Zone 0. In Class I, Zorn 
specifically listed and marked 
shall be permitted. 



y, only equipment 
Ic for the location 


Exception: Intrinsically safe apparatus listed for use in 
Class I, Division 1 locations for the same gas, or as per¬ 
mitted by 505.9(B)(2), and with a suitable temperature 
class shall be permitted. 

(B) Zone 1. In Class I, Zone 1 locations, only equipment 
specifically listed and marked as suitable for the location 
shall be permitted. 

Exception No. 1: Equipment identified for use in Class I, 
Division 1 or listed for use in Zone 0 locations for the same 
gas, or as permitted by 505.9(B)(2), and with a suitable 
temperature class shall be permitted. 

Exception No. 2: Equipment identified for Class I, Zone 1 
or Zone 2 type of protection “p” shall be permitted. 


Exception No. A: In Class /, Zone 2 locations, the instal¬ 
lation of ojten or nonexplosionproof or nonflameproof en¬ 
closed mot^s, such as squirrel-cage induction motors 
without .Brashes, switching mechanisms, or similar arc- 
pradiicing dev^esjthat are not iden tified for use in a Class 
Eone 2 location shall be permitted. 

Informational Note No. 1: It is important to consider the 
temperature of internal and external surfaces that may be 
posed to the flammable atmosphere. 

■[national Note No. 2: It is important to consider the 
gnition due to currents arcing across discontinuities 
werheating of parts in multisection enclosures of large 
tors and generators. Such motors and generators may 
need equipotential bonding jumpers across joints in the en¬ 
closure and from enclosure to ground. Where the presence 
of ignitible gases or vapors is suspected, clean air purging 
may be needed immediately prior to and during start-up 
periods. 

Informational Note No. 3: For further information on the 
application of electric motors in Class I, Zone 2 hazardous 
(classified) locations, see IEEE Std. 1349-2011, IEEE 
Guide for the Application of Electric Motors in Class I, 
Division 2 and Class I, Zone 2 Hazardous (Classified) Lo¬ 
cations. [ROP 14-181, ROP 14-182] 

(D) Materials. Equipment marked with Group “IIC” shall 
be permitted for applications requiring Group IIA or Group 
IIB equipment. Similarly, equipment marked with Group 
“IIB” shall be permitted for applications requiring Group 
IIA equipment. 

Equipment marked for a specific gas or vapor shall be 
permitted for applications where the specific gas or vapor 
may be encountered. 

Informational Note: One common example combines 
these marking with the equipment marked “IIB +H2”, This 
equipment is suitable for applications requiring Group IIA 
equipment, Group IIB equipment, or equipment for hydro¬ 
gen atmospheres. 

[ROP 14-183] 

(E) Manufacturer’s Instructions. Electrical equipment 
installed in hazardous (classified) locations shall be in- 
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stalled in accordance with the instructions (if any) provided 
by the manufacturer. 

[ROP 14-184] 

505.22 Increased Safety “e” Motors and Generators. In 

Class I, Zone 1 locations, Increased Safety “e” motors and 
generators of all voltage ratings shall be listed for Zone 1 
locations, and shall comply with all of the following: 

(1) Motors shall be marked with the current ratio, I A /I N , 
and time, t E . 

(2) Motors shall have controllers marked with the model or 
identification number, output rating (horsepower or 
kilowatt), full-load amperes, starting current ratio 
U A H N ). and time (t E ) of the motors that they are in¬ 
tended to protect; the controller marking shall also in¬ 
clude the specific overload protection type (and setting, 
if applicable) that is listed with the motor or generator. 

(3) Connections shall be made with the specific terminals 
listed with the motor or generator. 

(4) Terminal housings shall be permitted to be of substan¬ 
tial, nonmetallic, nonburning material, provided an in¬ 
ternal grounding means between the motor frame and 
the equipment grounding connection is incorporated 
within the housing. 

(5) The provisions of Part III of Article 430 shall apply 
regardless of the voltage rating of the motor. 

(6) The motors shall be protected against 
separate overload device that is respons^ 
current. This device shall be selected tq 
rated in accordance with the listing of the 
overload protection. 

(7) Sections 430.32(C) and 430.4 
motors. 

(8) The motor overload protecffoii| 
cut out during the starting pent 

Informational Note: For reciprocating engine driven gen¬ 
erators, compressors, and other equipment installed in 
Class I Zone 2 locations, it is important to consider the risk 
of ignition of flammable materials associated with fuel, 
starting, compression, etc. that may be present due to inad¬ 
vertent release or equipment malfunction by the engine ig¬ 
nition system and controls. For further information on the 
requirements for ignition systems for reciprocating engines 
installed in Class I Zone 2 hazardous (classified) locations, 
see ANSI/ISA-12.20.01-2009, General Requirements for 
Electrical Ignition Systems for Internal Combustion En¬ 
gines in Class I, Division 2 or Zone 2, Hazardous (Classi¬ 
fied) Locations. [ROP 14-185] 

505.25 Grounding and Bonding. Grounding and bonding 
shall comply with Article 250 and the requirements in 
505.25(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 



purposes, but bonding jumpers with proper fittings or other 
approved means of bonding shall be used. Such means of 
bonding shall apply to all intervening raceways, fittings, 
boxes, enclosures, and so forth, between Class I locations 
and the point of grounding for service equipment or point 
of grounding of a separately derived system. 

Exception: The specific bonding means shall be required 
only to the nearest point where the grounded circuit con¬ 
ductor and the grounding electrode are connected together 
on the line side of the building or structure disconnecting 
means as specified in 250.32(B), provided the branch- 
circuit overcurrent protection is located on the load side of 
the disconnecting means. 

[ROP 14-56a] 

(B) Types of Equipment Grounding Conductors. Flex¬ 
ible metal conduit and liquidtight flexible metal conduit 
shall include an equipment bonding jumper of the wire type 
in compliance with 2^B02. 

Ik Class I, Zone 2 locations, the bonding 
r e permitted to be deleted where all of the 
hditions are met: 

liquidtight flexible metal conduit 1.8 m (6 ft) 
with fittings listed for grounding, is used. 
r rcurrent protection in the circuit is limited to 
amperes or less. 

(c) The load is not a power utilization load. 


05.26 Process Sealing. This section shall apply to 
process-connected equipment, which includes, but is not 
limited to, canned pumps, submersible pumps, flow, pres¬ 
sure, temperature, or analysis measurement instruments. A 
process seal is a device to prevent the migration of process 
fluids from the designed containment into the external elec¬ 
trical system. Process connected electrical equipment that 
incorporates a single process seal, such as a single com¬ 
pression seal, diaphragm, or tube to prevent flammable or 
combustible fluids from entering a conduit or cable system 
capable of transmitting fluids, shall be provided with an 
additional means to mitigate a single process seal failure. 
The additional means may include, but is not limited to the 
following: 

(1) A suitable barrier meeting the process temperature and 
pressure conditions that the barrier is subjected to upon 
failure of the single process seal. There shall be a vent 
or drain between the single process seal and the suit¬ 
able barrier. Indication of the single process seal failure 
shall be provided by visible leakage, an audible 
whistle, or other means of monitoring. 

(2) A listed Type MI cable assembly, rated at not less than 
125 percent of the process pressure and not less than 
125 percent of the maximum process temperature (in 
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degrees Celsius), installed between the cable or conduit 
and the single process seal. 

(3) A drain or vent located between the single process seal 
and a conduit or cable seal. The drain or vent shall be 
sufficiently sized to prevent overpressuring the conduit 
or cable seal above 6 in. water column (1493 Pa). In¬ 
dication of the single process seal failure shall be pro¬ 
vided by visible leakage, an audible whistle, or other 
means of monitoring. 

(4) An add-on secondary seal marked “Secondary Seal” 
and rated for the pressure and temperature conditions 
that it will be subjected to upon failure of the single 
process seal. [ROP 14-189] 

Process-connected electrical equipment that does not 
rely on a single process seal or is listed and marked “single 
seal” or “dual seal” shall not be required to be provided 
with an additional means of sealing. 

Informational Note: For construction and testing require¬ 
ments for process sealing for listed and marked “single 
seal”, or “dual seal” or “secondary seal” equipment, refer to 
ANSI/ISA-12.27.01-2011, Requirements for Process Seal¬ 
ing Between Electrical Systems and Flammable or Com¬ 
bustible Process Fluids. [ROP 14-188, ROP 14-189] 


ARTICLE 506 
Zone 20, 21, and 22 L 
Combustible Dusts o 
Fibers/Flyings 


Informational Note: Text that is followed.bt a reference in 
brackets has been extracterMom NFPA 499-2008, Recom¬ 
mended Practice for the ^^mdficatio^Kf Combustible 
Dusts and of Hazardous ( Classified) Locations for Electri¬ 
cal Installation in Chemical Proems Wreas. Only editorial 
changes were made to the extracted text to make it consis¬ 
tent with this Code. 

506.1 Scope. This article covers the requirements for the 
zone classification system as an alternative to the division 
classification system covered in Article 500, Article 502, 
and Article 503 for electrical and electronic equipment and 
wiring for all voltages in Zone 20, Zone 21, and Zone 22 
hazardous (classified) locations where fire and explosion 
hazards may exist due to combustible dusts or ignitible 
fibers/flyings. [ROP 14-190a] 



gases or vapors, flammable liquids, or combustible dusts or 
fibers, refer to Articles 500 through 505. 

Informational Note No. 2: Zone 20, Zone 21, and Zone 22 
area classifications are based on the modified IEC area clas¬ 
sification system as defined in ANSI/ISA-61241-10 
(12.10.05)-2004, Electrical Apparatus for Use in Zone 20, 
Zone 21, and Zone 22 Hazardous (Classified) Locations — 
Classification of Zone 20, Zone 21, and Zone 22 Hazardous 
(Classified) Locations. 

Informational Note No. 3: The unique hazards associated 
with explosives, pyrotechnics, and blasting agents are not 
addressed in this article. 

506.2 Definitions. For purposes of this article, the follow¬ 
ing definitions apply. 

Associated Nonincendive Field Wiring Apparatus. Ap¬ 
paratus in which the circuits are not necessarily nonincen¬ 
dive themselves but that affect the energy in nonincendive 
field Wiring circus and are relied upon to maintain nonin¬ 
cendive energy levals. Associated nonincendive field wir- 
g apparatus may be either of the following: 

[ 1) Electrical apparatus that has an alternative type of pro- 
ction for use in the appropriate hazardous (classified) 
.cation 

leal apparatus not so protected that shall not be 
d in a hazardous (classified) location 

Informational Note: Associated nonincendive field wiring 
apparatus has designated associated nonincendive field wir¬ 
ing apparatus connections for nonincendive field wiring ap¬ 
paratus and may also have connections for other electrical 
apparatus. 

Combustible Dust. Any finely divided solid material that 
is 420 microns (0.017 in.) or smaller in diameter (material 
passing a U.S. No. 40 Standard Sieve) and presents a fire or 
explosion hazard when dispersed and ignited in air. 
[499:3.3.3] 

Cord Connector. A fitting intended to terminate a cord to a 
box or similar device and reduce the strain at points of 
termination and may include an explosionproof, a dust ig¬ 
nition proof, or a flameproof seal. [ROP 14-llb] 

Dust-Ignitionproof. Equipment enclosed in a manner that 
excludes dusts and does not permit arcs, sparks, or heat 
otherwise generated or liberated inside of the enclosure to 
cause ignition of exterior accumulations or atmospheric 
suspensions of a specified dust on or in the vicinity of the 
enclosure. 


Informational Note No. 1: For the requirements for elec¬ 
trical and electronic equipment and wiring for all voltages 
in Class I, Division 1 or Division 2; Class II, Division 1 or 
Division 2; Class III, Division 1 or Division 2; and Class I, 
Zone 0 or Zone 1 or Zone 2 hazardous (classified) locations 
where fire or explosion hazards may exist due to flammable 


Informational Note: For further information on dust- 
ignitionproof enclosures, see Type 9 enclosure in 
ANSI/NEMA 250-1991, Enclosures for Electrical Equip¬ 
ment , and ANSI/UL 1203-2009, Explosionproof and Dust- 
Ignitionproof Electrical Equipment for Hazardous (Classi¬ 
fied) Locations. [ROP 14-3] 
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Dusttight. Enclosures constructed so that dust will not en¬ 
ter under specified test conditions. 

[ROP 14-193] 

Pressurized. The process of supplying an enclosure with a 
protective gas with or without continuous flow at sufficient 
pressure to prevent the entrance of combustible dust or 
ignitible fibers/flyings. 

Informational Note: For further information, see ANSI/ 
NFPA 496-2008, Standard for Purged and Pressurized En¬ 
closures for Electrical Equipment. 


“i”\ ANSI/UL 60079-11-2011, Electrical Apparatus for 
Explosive Gas Atmospheres — Part 11: Intrinsic safety 
and ANSI/ISA- 61241-11 (12.10.04)-2011, Electrical Ap¬ 
paratus for Use in Zone 20, Zone 21 and Zone 22 Hazard¬ 
ous (Classified) Locations — Protection by Intrinsic Safety 
“iD .” [ROP 14-197] 

Informational Note No. 2: Intrinsic safety is designated 
level of protection “iaD” or “ia” for use in Zone 20 loca¬ 
tions. Intrinsic safety is designated level of protection 
“ibD” or “ib” for use in Zone 21 locations. Intrinsic safety 
is designated type of protection “ic” for use in Zone 22 
locations. [ROP 14-197] 


Protection by Encapsulation “m.” Type of protection 
where electrical parts that could cause ignition of a mixture 
of combustible dust or fibers/flyings in air are protected by 
enclosing them in a compound in such a way that the ex¬ 
plosive atmosphere cannot be ignited. [ROP 14-196] 

Informational Note No. 1: For additional information, see 
ANSI/ISA-60079-18 (12.23.01)-2009, Explosive atmo¬ 
spheres - Part 18: Equipment protection by encapsulation 
"m", ANSI/UL 60079-18-2009, Explosive atmospheres - 
Part 18: Equipment protection by encapsulation "m", and 
ANSI/ISA-61241-18 (12.10.07)-2011, Electrical Apparatus 
for Use in Zone 20, Zone 21 and Zone 22 Hazardous (Clas¬ 
sified) Locations — Protection by Encapsulation “mD”. 
[ROP 14-194, ROP 14-196] 

Informational Note No. 2: Encapsulation is designated 
level of protection “maD” or “ma” for use in Zone 20 
locations. Encapsulation is designated level of proh 
“mbD” or “mb” for use in Zone 21 locations. Encjmsulalion 
is designated type of protection “me” for use igs-Zone 22 
locations. [ROP 14-194, ROP 14-196] 

Protection by Enclosure “t.” Type of protection for^xplo- 
sive dust atmospheres where electrical apparatus is pro¬ 
vided with an enclosure providing/dust ingress,protection 
and a means to limit surface temperatures. | ROB 14-198] 

Informational Note No. 1: For additional information, see 
ANSI/ISA-60079-31 (12.10.03)-2009, Explosive Atmo¬ 
spheres - Part 31: Equipment Dust Ignmon Protection by 
Enclosure “t” and ANSI/ISA-61241-1 (TC.10.03)-20n, 
Electrical Apparatus for Use in Zone 21 and Zone 22 Haz¬ 
ardous (Classified) Locations — Protection by Enclosure 
“tD”. [ROP 14-194, ROP 14-198] 


Protection by Pressurization “pD.” Type of protection 
that guards against the ingress of a mixture of combustible 
dust or fibers/flyings in air into an enclosure containing 
electrical equipment by providing and maintaining a pro¬ 
tective gas atmosphere inside the enclosure at a pressure 
above that of the external atmosphere. 

Informational Note: For additional information, see 
ANSI/ISA-61241-2^BT0.06), Electrical Apparatus for 
Use in Zone 21 and ZofiB 22 Hazardous (Classified) Loca¬ 
tions — Protection by Pr^^rization “pD.” 

Zone 20 Hazardous (Classified) Location. An area where 
combustible dust or ignitible fibers/flyings are present con¬ 
tinuously or for long periods of time in quantities sufficient 
lazardous, as classified by 506.5(B)(1). 

21 Hazardous (Classified) Location. An area where 
ambustiblc dust or ignitible fibers/flyings are likely to ex¬ 
ist occasionally under normal operation in quantities suffi- 
nt to be hazardous, as classified by 506.5(B)(2). 

Zone 22 Hazardous (Classified) Location. An area where 
combustible dust or ignitible fibers/flyings are not likely to 
occur under normal operation in quantities sufficient to be 
hazardous, as classified by 506.5(B)(3). 

506.3 Other Articles. All other applicable rules contained 
in this Code shall apply to electrical equipment and wiring 
installed in hazardous (classified) locations. [ROP 14-199] 

Exception: As modified by Article 504 and this article. 

[ROP 14-199] 


Informational Note No. 2: Protection by Enclosure is des¬ 
ignated level of protection “ta” for use in Zone 20 loca¬ 
tions. Protection by Enclosure is designated level of protec¬ 
tion “tb” or “tD” for use in Zone 21 locations. Protection by 
Enclosure is designated level of protection “tc” or “tD” for 
use in Zone 22 locations. [ROP 14-194, ROP 14-198] 

Protection by Intrinsic Safety “i.” Type of protection 
where any spark or thermal effect is incapable of causing 
ignition of a mixture of combustible dust, fibers, or flyings 
in air under prescribed test conditions. 

Informational Note No. 1: For additional information, see 
ANSI/ISA-60079-11 (12.01.01)-2011, Electrical Apparatus 
for Explosive Gas Atmospheres - Part 11: intrinsic safety 


506.4 General. 

(A) Documentation for Industrial Occupancies. Areas 
designated as hazardous (classified) locations shall be prop¬ 
erly documented. This documentation shall be available to 
those authorized to design, install, inspect, maintain, or op¬ 
erate electrical equipment. 

(B) Reference Standards. Important information relating 
to topics covered in Chapter 5 are found in other publica¬ 
tions. 

Informational Note: It is important that the authority hav¬ 
ing jurisdiction be familiar with the recorded industrial ex- 
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perience as well as with standards of the National Fire 
Protection Association (NFPA), the International Society of 
Automation (ISA), and the International Electrotechnical 
Commission (IEC) that may be of use in the classification 
of various locations, the determination of adequate ventila¬ 
tion, and the protection against static electricity and light¬ 
ning hazards. 

506.5 Classification of Locations. 

(A) Classifications of Locations. Locations shall be clas¬ 
sified on the basis of the properties of the combustible dust 
or ignitible fibers/flyings that may be present, and the like¬ 
lihood that a combustible or combustible concentration or 
quantity is present. Each room, section, or area shall be 
considered individually in determining its classification. 
Where pyrophoric materials are the only materials used or 
handled, these locations are outside of the scope of this 
article. 

(B) Zone 20, Zone 21, and Zone 22 Locations. Zone 20, 
Zone 21, and Zone 22 locations are those in which com¬ 
bustible dust or ignitible fibers/flyings are or may be 
present in the air or in layers, in quantities sufficient to 
produce explosive or ignitible mixtures. Zone 20, Zone 21, 
and Zone 22 locations shall include those sped 
506.5(B)(1), (B)(2), and (B)(3). 

Informational Note: Through the exercise of ingenuity 
the layout of electrical installations for hazardous (class! 
fled) locations, it is frequently possibleJ®K)cate , nBich 
the equipment in a reduced level of classification and, thus 
to reduce the amount of special equi^Rbnt reqi 

(1) Zone 20. A Zone 20 locals 



(a) Ignitible concentopions of co 
nitible fibers/flyings are present continui 

(b) Ignitible concentrations of coml 
nitible fibers/flyings are present for lo; 



jstibleMust or ig- 

Ijiy- 

stible dust or ig- 
fieriods of time. 


Informational Note No. 1: As a jpaMe to classification of 
Zone 20 locations, refer to ANSI/ISA-61241-10 (12.10.05)- 
2004, Electrical Apparatus for Use in Zone 20, Zone 21, 
and Zone 22 Hazardous (Classified) Locations — Classifi¬ 
cation of Zone 20, Zone 21, and Zone 22 Hazardous (Clas¬ 
sified) Locations. 

Informational Note No. 2: Zone 20 classification includes 
locations inside dust containment systems; hoppers, silos, 
etc., cyclones and filters, dust transport systems, except 
some parts of belt and chain conveyors, etc.; blenders, 
mills, dryers, bagging equipment, etc. 

(2) Zone 21. A Zone 2 1 location is a location 

(a) In which ignitible concentrations of combustible 
dust or ignitible fibers/flyings are likely to exist occasion¬ 
ally under normal operating conditions; or 

(b) In which ignitible concentrations of combustible 
dust or ignitible fibers/flyings may exist frequently because 


of repair or maintenance operations or because of leakage; 
or 

(c) In which equipment is operated or processes are 
carried on, of such a nature that equipment breakdown or 
faulty operations could result in the release of ignitible 
concentrations of combustible dust or ignitible 
fibers/flyings and also cause simultaneous failure of electri¬ 
cal equipment in a mode to cause the electrical equipment 
to become a source of ignition; or 

(d) That is adjacent to a Zone 20 location from which 
ignitible concentrations of dust or ignitible fibers/flyings 
could be communicated, unless communication is pre¬ 
vented by adequate positive pressure ventilation from a 
source of clean air and effective safeguards against ventila¬ 
tion failure are provided. 

Informational Note No. 1: As a guide to classification of 
Zone 21 locations, refer to ANSI/ISA-61241-10 (12.10.05)- 
2004, Electrical Apparatus for Use in Zone 20, Zone 21, 
one 2^^mzardous (Classified) Locations — Classifi- 
'tion of Zone 20, Zone 21, and Zone 22 Hazardous (Clas¬ 
sified) Locations. 

ational Note No. 2: This classification usually in- 
es locations outside dust containment and in the imrne- 
vicinity of access doors subject to frequent removal or 
; for operation purposes when internal combustible 
s are present; locations outside dust containment in 
'oximity of filling and emptying points, feed belts, 
pling points, truck dump stations, belt dump over 
points, etc. where no measures are employed to prevent the 
formation of combustible mixtures; locations outside dust 
containment where dust accumulates and where due to pro¬ 
cess operations the dust layer is likely to be disturbed and 
form combustible mixtures; locations inside dust contain¬ 
ment where explosive dust clouds are likely to occur (but 
neither continuously, nor for long periods, nor frequently) 
as, for example, silos (if filled and/or emptied only occa¬ 
sionally) and the dirty side of filters if large self-cleaning 
intervals are occurring. 

(3) Zone 22. A Zone 22 location is a location 

(a) In which ignitible concentrations of combustible 
dust or ignitible fibers/flyings are not likely to occur in 
normal operation and, if they do occur, will only persist for 
a short period; or 

(b) In which combustible dust or fibers/flyings are 
handled, processed, or used but in which the dust or 
fibers/flyings are normally confined within closed contain¬ 
ers of closed systems from which they can escape only as a 
result of the abnormal operation of the equipment with 
which the dust or fibers/flyings are handled, processed, or 
used; or 

(c) That is adjacent to a Zone 21 location, from which 
ignitible concentrations of dust or fibers/flyings could be 
communicated, unless such communication is prevented by 
adequate positive pressure ventilation from a source of 
clean air and effective safeguards against ventilation failure 
are provided. 
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Informational Note No. 1: As a guide to classification of 
Zone 22 locations, refer to ANSI/ISA-61241-10 (12.10.05)- 
2004, Electrical Apparatus for Use in Zone 20, Zone 21, 
and Zone 22 Hazardous (Classified) Locations — Classifi¬ 
cation of Zone 20, Zone 21, and Zone 22 Hazardous (Clas¬ 
sified) Locations. 

Informational Note No. 2: Zone 22 locations usually in¬ 
clude outlets from bag filter vents, because in the event of a 
malfunction there can be emission of combustible mixtures; 
locations near equipment that has to be opened at infre¬ 
quent intervals or equipment that from experience can eas¬ 
ily form leaks where, due to pressure above atmospheric, 
dust will blow out; pneumatic equipment, flexible connec¬ 
tions that can become damaged, etc.; storage locations for 
bags containing dusty product, since failure of bags can 
occur during handling, causing dust leakage; and locations 
where controllable dust layers are formed that are likely to 
be raised into explosive dust-air mixtures. Only if the layer 
is removed by cleaning before hazardous dust-air mixtures 
can be formed is the area designated unclassified. 

Informational Note No. 3: Locations that normally are 
classified as Zone 21 can fall into Zone 22 when measures 
are employed to prevent the formation of explosive dust-air 
mixtures. Such measures include exhaust ventilation. The 
measures should be used in the vicinity of (bag) filling and 
emptying points, feed belts, sampling points, truck dump 
stations, belt dump over points, etc. 

506.6 Material Groups. For the purposes of testing, ap¬ 
proval, and area classification, various air mixtures (not 
oxygen enriched) shall be grouped as required in 5(^6(A), 
(B), and (C). [ROP 14-200a] 

(A) Group IIIC. Combustible metal dust. 

Informational Note: Group IIIC i 
Group E as described in 500.6.(B) 

[ROP 14-200a] 


(B) Group IIIB. Combustible du: 
metal dust. 


bustible 


Informational Note: Group IIIB is equivalent to Class II, 
Groups F and G as described in 500.6(B)(2) and 
500.6(B)(3), respectively. 

[ROP 14-200a] 

(C) Group IIIA. Solid particles, including fibers, greater 
than 500 pm in nominal size, which may be suspended in 
air and could settle out of the atmosphere, under their own 
weight. 




506.7 Special Precaution. Article 506 requires equipment 
construction and installation that ensures safe performance 
under conditions of proper use and maintenance. 

Informational Note: It is important that inspection authori¬ 
ties and users exercise more than ordinary care with regard 
to the installation and maintenance of electrical equipment 
in hazardous (classified) locations. 

(A) Implementation of Zone Classification System. 

Classification of areas, engineering and design, selection of 
equipment and wiring methods, installation, and inspection 
shall be performed by qualified persons. 

(B) Dual Classification. In instances of areas within the 
same facility classified separately. Zone 22 locations shall 
be permitted to abut, but not overlap. Class II or Class III, 
Division 2 locations. Zone 20 or Zone 21 locations shall 
not abut Class IT or Class III, Division 1 or Division 2 
locations. 

ssification Permitted. A Class II or Class III, 
n 1 oi>C)ivision 2 l^ition shall be permitted to be 
reclassified Wa Zone 20, Zone 21, or Zone 22 location, 
provided that all of the space that is classified because of a 
single combustible dust or ignitible fiber/flying source is 
ified under the requirements of this article. 

Simultaneous Presence of Flammable Gases and 
ombustible Dusts or Fibers/Flyings. Where flammable 
es, combustible dusts, or fibers/flyings are or may be 
sent at the same time, the simultaneous presence shall be 
considered during the selection and installation of the elec¬ 
trical equipment and the wiring methods, including the de¬ 
termination of the safe operating temperature of the electri¬ 
cal equipment. 

506.8 Protection Techniques. Acceptable protection tech¬ 
niques for electrical and electronic equipment in hazardous 
(classified) locations shall be as described in 506.8(A) 
through (J). 

(A) Dust Ignitionproof. This protection technique shall be 
permitted for equipment in Zone 20, Zone 21, and Zone 22 
locations for which it is identified. 

(B) Pressurized. This protection technique shall be per¬ 
mitted for equipment in Zone 21 and Zone 22 locations for 
which it is identified. 


Informational Note No. 1: Group IIIA is equivalent to 
Class III. 

Informational Note No. 2: Examples of flyings include 
rayon, cotton (including cotton Enters and cotton waste), 
sisal, jute, hemp, cocoa fiber, oakum, and baled waste 
kapok. 

[ROP 14-200a] 


(C) Intrinsic Safety. This protection technique shall be 
permitted for equipment in Zone 20, Zone 21, and Zone 22 
locations for which it is identified. [ROP 14-202] 

(D) Dusttight. This protection technique shall be permit¬ 
ted for equipment in Zone 22 locations for which it is 
identified. 
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(E) Protection by Encapsulation “m”. This protection 
technique shall be permitted for equipment in Zone 20, 
Zone 21, and Zone 22 locations for which it is identified. 

[ROP 14-203] 

Informational Note: See Table 506.9(C)(2)(3) for the de¬ 
scriptions of subdivisions for encapsulation. 

[ROP 14-201] 

(F) Nonincendive Equipment. This protection technique 
shall be permitted for equipment in Zone 22 locations for 
which it is identified. 

(G) Protection by Enclosure “t”. This protection tech¬ 
nique shall be permitted for equipment in Zone 20, Zone 
21, and Zone 22 locations for which it is identified. [ROP 
14-204] 

Informational Note: See Table 506.9(C)(2)(3) for the de¬ 
scriptions of subdivisions for Protection by Enclosure “t”. 

[ROP 14-204] 

(H) Protection by Pressurization “pD”. This protection 
technique shall be permitted for equipment in Zone 21 and 
Zone 22 locations for which it is identified. 

(I) Protection by Intrinsic Safety “iD”. This pri 
technique shall be permitted for equipment in Zoi^2 
Zone 21, and Zone 22 locations for which it is listed. 

506.9 Equipment Requirements. 

(A) Suitability. Suitability of identi 
determined by one of the following: 

(1) Equipment listing or lab 

(2) Evidence of equipment evaluatio 
ing laboratory or inspection agcu 
product evaluation 

(3) Evidence acceptable to the authority having jurisdiction 
such as a manufacturer’s self-evaluation or an owner’s 
engineering judgment 

Informational Note: Additional documentation for equip¬ 
ment may include certificates demonstrating compliance 
with applicable equipment standards, indicating special 
conditions of use, and other pertinent information. 

(B) Listing. 

(1) Equipment that is listed for Zone 20 shall be permitted 
in a Zone 21 or Zone 22 location of the same dust or 
ignitible fiber/flying. Equipment that is listed for Zone 
21 may be used in a Zone 22 location of the same dust 
fiber/flying. 

(2) Equipment shall be permitted to be listed for a specific 
dust or ignitible fiber/flying or any specific combina¬ 
tion of dusts fibers/flyings. 

(C) Marking. 




a qualified test- 
concerned with 


(1) Division Equipment. Equipment identified for Class 
II, Division 1 or Class II, Division 2 shall, in addition to 
being marked in accordance with 500.8(C), be permitted to 
be marked with both of the following: 

(1) Zone 20, 21, or 22 (as applicable) 

(2) Material group in accordance with 506.6. [ROP 14- 
204a] 

(3) Maximum surface temperature in accordance with 
506.9(D), marked as a temperature value, in degrees C, 
preceded by “T” and followed by the symbol “°C”. 

[ROP 14-205] 

(2) Zone Equipment. Equipment meeting one or more of 
the protection techniques described in 506.8 shall be 
marked with the following in the order shown: 

(1) Zone 

(2) Symbol ^AEx” 

(3) Protection technique(s) in accordance with Table 
06.9(0(20(3) 

Material group? i% accordance with 506.6. [ROP 14- 

ximum surface temperature in accordance with 
.9(D), marked as a temperature value, in degrees C, 
eded by “T” and followed by the symbol “°C”. 

[ROP 14-205] 

?nbient temperature marking in accordance with 
506.9(D) 

Informational Note: The EPL (or equipment protection 
level) may appear in the product marking. EPLs are desig¬ 
nated as G for gas, D for dust, or M for mining, and are 
then followed by a letter (a, b, or c) to give the user a better 
understanding as to whether the equipment provides either 
(a) a “very high,” (b) “high,” or (c) an “enhanced” level of 
protection against ignition of an explosive atmosphere. For 
example, an AEx pb IIIB T165°C motor (which is suitable 
by protection concept for application in Zone 21) may ad¬ 
ditionally be marked with an EPL of "Db”, AEx p IIIB 
T165°C Db. 

Exception: Associated apparatus NOT suitable for instal¬ 
lation in a hazardous (classified) location shall be required 
to be marked only with (2), (3), and (5), but BOTH the 
symbol AEx (2) and the symbol for the type of protection 

(3) shall be enclosed within the same square brackets, for 
example, [AEx iaD] or [AEx ia] IIIC. [ROP 14-209] 

Informational Note: The “D” suffix on the type of protection 
designation was employed prior to the introduction of Group 
IIIA, IIIB, and IIIC; which is now used to distinguish between 
the type of protection employed for Group II (Gases) or Group 
III (Dusts). 

(D) Temperature Classifications. Equipment shall be 
marked to show the maximum surface temperature refer¬ 
enced to a 40°C ambient, or at the higher marked ambient 
temperature if the equipment is rated and marked for an 
ambient temperature of greater than 40°C. For equipment 
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Table 506.9(C)(2)(3) Types of Protection Designation 


Designation 

Technique 

Zone* 

iaD 

Protection by intrinsic safety 

20 

ia 

Protection by intrinsic safety 

20 

ibD 

Protection by intrinsic safety 

21 

ib 

Protection by intrinsic safety 

21 

ic [ROP 

14-206] 

Protection by intrinsic safety 

22 

[iaD] 

Associated apparatus 

Unclassified** 

[ia] 

Associated apparatus 

Unclassified** 

[ibD] 

Associated apparatus 

Unclassified** 

[ib] 

Associated apparatus 

Unclassified** 

[ic] [ROP 
14-206] 

Associated apparatus 

Unclassified** 

maD 

Protection by encapsulation 

20 

ma 

Protection by encapsulation 

20 

mbD 

Protection by encapsulation 

21 

mb 

Protection by encapsulation 


me [ROP 
14-207] 

Protection by encapsulation 

22 ^ 

PD 

Protection by pressurization 


P 

Protection by pressulBation™ 

21 

pb 

Protection by pressurization 

^ 21 ^ 

tD 

Protection by enclosures 

// 21 

ta [ROP 

14-208] 

Protection by enclosures 

20 

tb 

Protection by enclosures 

21 

tc 

Protection by enclosures 

22 


*Does not address use where a combination of techniques is used. 
**Associated apparatus is permitted to be installed in a hazardous 
(classified) location if suitably protected using another type of protec¬ 
tion. 


installed in a Zone 20 or 21 location, the operating tem¬ 
perature shall be based on operation of the equipment when 
blanketed with the maximum amount of dust (or with dust 
simulating fibers/flyings) that can accumulate on the equip¬ 
ment. Electrical equipment designed for use in the ambient 
temperature range between -20°C and +40°C shall require 
no additional ambient temperature marking. Electrical 


equipment that is designed for use in a range of ambient 
temperatures other than -20°C and +40°C is considered to 
be special; and the ambient temperature range shall then be 
marked on the equipment, including either the symbol “Ta” 
or “Tamb” together with the special range of ambient tem¬ 
peratures. [ROP 14-205, ROP 14-209a, ROP 14-210] 

Informational Note: As an example, such a marking might 
be "-30°C < Ta < +40°C.” [ROP 14-205] 

Exception No. 1: Equipment of the non-heat-proclucing 
type, such as conduit fittings, shall not be required to have 
a marked operating temperature. 

Exception No. 2: Equipment identified for Class II, Divi¬ 
sion 1 or Class II, Division 2 locations as permitted by 
506.20(B) and (C) slwll be permitted to be marked in ac¬ 
cordance with 5OO.80C) and Table 500.8(C). 

(E) Threading. The supply connection entry thread form 
shall be NPT or metric. Conduit and fittings shall be made 
wrenchtijfnt to prevent sparking when the fault current 
flows throughJhe conduit system and to ensure the integrity 
of the conduit system. Equipment provided with threaded 
entries for field wiring connections shall be installed in 
accordaHiyith 506.9(E)(1) or (E)(2) and with (E)(3). 

Provided with Threaded Entries for 
led Conduit or Fittings. For equipment pro- 
with threaded entries for NPT threaded conduit or 
|tings, listed conduit fittings, or listed cable fittings shall 
^used. All NPT threaded conduit and fittings referred to 
Serein shall be threaded with a National (American) Stan¬ 
dard Pipe Taper (NPT) thread. [ROP 14-211] 

Informational Note: Thread specifications for NPT threads 
are located in ANSI/ASME Bl.20.1-1983, Pipe Threads, 
General Purpose (Inch). 

(2) Equipment Provided with Threaded Entries for 
Metric Threaded Conduit or Fittings. For equipment 
with metric threaded entries, listed conduit fittings or listed 
cable fittings shall be used. Such entries shall be identified 
as being metric, or listed adapters to permit connection to 
conduit or NPT threaded fittings shall be provided with the 
equipment and shall be used for connection to conduit or 
NPT threaded fittings. Metric threaded entries shall be 
made up with at least five threads fully engaged. 

(3) Unused Openings. All unused openings shall be 
closed with listed metal close-up plugs. The plug engage¬ 
ment shall comply with 506.9(E)(1) or (E)(2). 

(F) Optical Fiber Cables. Where an optical fiber cable 
contains conductors that are capable of carrying current 
(composite optical fiber cable), the optical fiber cable shall 
be installed in accordance with the requirements of Articles 
506.15 and 506.16. 


70-442 


NATIONAL ELECTRICAL CODE 2014 Edition 







ARTICLE 506 —ZONE 20, 21, AND 22 LOCATIONS FOR COMBUSTIBLE DUSTS OR IGNITIBLE FIBERS/FLYINGS 


506.15 


506.15 Wiring Methods. Wiring methods shall maintain 
the integrity of the protection techniques and shall comply 
with 506.15(A), (B), or (C). 

(A) Zone 20. In Zone 20 locations, the following wiring 
methods shall be permitted. 

(1) Threaded rigid metal conduit or threaded steel interme¬ 
diate metal conduit. 

(2) Type MI cable terminated with fittings listed for the 
location. Type MI cable shall be installed and sup¬ 
ported in a manner to avoid tensile stress at the termi¬ 
nation fittings. 

Exception No. 1: MI cable and fittings listed for Class II, 
Division 1 locations shall be permitted to be used. [ROP 
14-212] 

Exception No. 2: Equipment identified as intrinsically safe 
“iaD” or “ia” shall be permitted to be connected using the 
wiring methods identified in 504.20. [ROP 14—212, ROP 
14-213] 

(3) In industrial establishments with limited public access, 
where the conditions of maintenance and supervision 
ensure that only qualified persons service the installa¬ 
tion, Type MC-HL cable listed for use in Zone 
cations, with a continuous corrugated metallic 
an overall jacket of suitable polymeric material, 
separate equipment grounding conduct or(s) in 
dance with 250.122, and terminated with fittings 
for the application, shall be permitted. Type MC 
cable shall be installed in accoi 
sions of Article 330, Part II. 

Exception: Type MC-HL cable and fittings listed for Class 
II, Division 1 locations shall'Be permitted to we used. 

(4) In industrial establishments with restricted public ac¬ 
cess, where the conditions of maintenance and supervi¬ 
sion ensure that only qualified persons service the in¬ 
stallation, and where the cable is not subject to physical 
damage, Type ITC-HL cable listed for use in Zone 1 or 
Class I, Division 1 locations, with a gas/vaportight con¬ 
tinuous corrugated metallic sheath and an overall jacket 
of suitable polymeric material, and terminated with fit¬ 
tings listed for the application. Type ITC-HL cable 
shall be installed in accordance with the provisions of 
Article 727. 

(5) Fittings and boxes shall be identified for use in Zone 20 
locations. 

Exception: Boxes and fittings listed for Class II, Division 
1 locations shall be permitted to be used. 

(6) Where necessary to employ flexible connections, liq- 
uidtight flexible metal conduit with listed fittings, liq- 
uidtight flexible nonmetallic conduit with listed fittings, 
or flexible cord listed for extra-hard usage and provided 
with listed fittings shall be used. Where flexible cords 


are used, they shall also comply with 506.17 and shall 
be terminated with a listed cord connector that main¬ 
tains the type of protection of the terminal compart¬ 
ment. Where flexible connections are subject to oil or 
other corrosive conditions, the insulation of the con¬ 
ductors shall be of a type listed for the condition or 
shall be protected by means of a suitable sheath. 
Exception No. 1: Flexible conduit and flexible conduit and 
cord fittings listed for Class II, Division 1 locations shall be 
permitted to be used. 

Exception No. 2: For elevator use, an identified elevator 
cable, type EO, ETP, or ETT, and as shown under the 
"use” column in Table 400.4 for “Hazardous (classified) 
locations” and terminated with listed connectors that main¬ 
tain the typejgf protection of the terminal compartment 
shall be pej^pted. [ROP 14-215a] 


Note No. 1: See 506.25 for grounding re- 
ere flexible conduit is used. 




Infoc 

quirements^ 

ormational NoteJNo. 2: For further information on con¬ 
struction, testing and marking of cables, cable fittings, and 
cordAmnectors, sW ANSI/UL 2225-2011, Cables and 
Cable-Fittings for Use in Hazardous (Classified) Locations. 

P 14-215a] 

>er optic cables of the types OFNP, OFCP, OFNR, 
OFNG, OFCG, OFN, and OFC shall be permit- 
K d"to be installed in raceways as stated in 506.15(A). 
hese fiber optic cables shall be sealed in accordance 
with 506.16. [ROP 14-219] 

(B) Zone 21. In Zone 21 locations, the wiring methods in 

(B) (1) and (B)(2) shall be permitted. 

(1) All wiring methods permitted in 506.15(A). 

(2) Fittings and boxes that are dusttight, provided with 
threaded bosses for connection to conduit, in which 
taps, joints, or terminal connections are not made, and 
are not used in locations where metal dust is present, 
may be used. 

Informational Note: For further information on construc¬ 
tion, testing and marking of cables, cable fittings, and cord 
connectors, see ANSI/UL 2225-2011, Cables and Cable- 
Fittings for Use in Hazardous (Classified) Locations [ROP 
14-215a], 

Exception: Equipment identified as intrinsically safe 

“ibD" or “ib” shall be permitted to be connected using the 
wiring methods identified in 504.20. [ROP 14-212] 

(C) Zone 22. In Zone 22 locations, the following wiring 
methods shall be permitted. 

(1) All wiring methods permitted in 506.15(B). 

(2) Rigid metal conduit, intermediate metal conduit, elec¬ 
trical metallic tubing, dusttight wireways. 

(3) Type MC or MI cable with listed termination fittings. 

(4) Type PLTC and Type PLTC-ER cable in accordance 
with the provisions of Article 725, including installa- 
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tion in cable tray systems. The cable shall be termi¬ 
nated with listed fittings. 

(5) Type ITC and Type ITC-ER cable as permitted in 727.4 
and terminated with listed fittings. 

(6) Type MC, MI, MV, TC, or TC-ER, cable installed in 
ladder, ventilated trough, or ventilated channel cable 
trays in a single layer, with a space not less than the 
larger cable diameter between two adjacent cables, 
shall be the wiring method employed. Single-conductor 
Type MV cables shall be shielded or metallic armored. 
The cable shall be terminated with listed fittings. [ROP 
14-221] 

(7) Intrinsic safety type of protection “ic” shall be permit¬ 
ted using any of the wiring methods permitted for un¬ 
classified locations. Intrinsic safety type of protection 
“ic” systems shall be installed in accordance with the 
control drawing(s). Simple apparatus, not shown on the 
control drawing, shall be permitted in a Intrinsic safety 
type of protection “ic” circuit, provided the simple ap¬ 
paratus does not interconnect the Intrinsic safety type 
of protection “ic” circuit to any other circuit. [ROP 14- 
222 ] 

Informational Note: Simple apparatus is defined in 504.2. 

Separation of Intrinsic safety type of protection “ic” 
circuits shall be in accordance with one of the follow 
ing: [ROP 14-222] 

a. Be in separate cables 

b. Be in multiconductor cables when 
of each circuit are within a grounded 

c. Be in multiconductor 
have insulation with 
0.25 mm (0.01 in.) 

(8) Boxes and fittings shall be d 

(9) Fiber optic cables of the types 
OFCR, OFNG, OFCG, OFN, and 
ted to be installed in cable trays or any raceway as 
stated in 506.15(C). Fiber optic cables shall be sealed 
in accordance with 506.16. [ROP 14-223] 



P, OFNR, 
all be permit- 


(2) Contain, in addition to the conductors of the circuit, an 
equipment grounding conductor complying with 
400.23 

(3) Be connected to terminals or to supply conductors in an 
approved manner 

(4) Be supported by clamps or by other suitable means in 
such a manner to minimize tension on the terminal 
connections 

(5) Be terminated with a listed cord connector that main¬ 
tains the protection technique of the terminal 
compartment 

Informational Note: For further information on construc¬ 
tion, testing, and marking of cables, cable fittings, and cord 
connectors, see ANSI/UL 2225-2011, Cables and Cable- 
Fittings for Use in f^- ardnus (Classified) Locations. [ROP 
14-224] 


506.20 Equ 

(A) Zo 
and 


0. In Zone^ 
fed as suitable ft] 




stallation. 


ocations, only equipment listed 
location shall be permitted. 



Exception: Equipment listed for use in Class II, Division 1 
/ocanofe. ' with a suitable temperature class shall be 
permitted 


ii Zone 21 locations, only equipment listed 
as suitable for the location shall be permitted. 



ception No. 1: Apparatus listed for use in Class II, 
ision 1 locations with a suitable temperature class shall 
permitted. 

Exception No. 2: Pressurized equipment identified for 
Class II, Division 1 shall be permitted. 

(C) Zone 22. In Zone 22 locations, only equipment listed 
and marked as suitable for the location shall be permitted. 

Exception No. 1: Apparatus listed for use in Class II, 
Division 1 or Class II, Division 2 locations with a suitable 
temperature class shall be permitted. 

Exception No. 2: Pressurized equipment identified for 
Class II, Division I or Division 2 shall be permitted. 


506.16 Sealing. Where necessary to protect the ingress of 
combustible dust or ignitible fibers/flyings, or to maintain 
the type of protection, seals shall be provided. The seal 
shall be identified as capable of preventing the ingress of 
combustible dust or ignitible fibers/flyings and maintaining 
the type of protection but need not be explosionproof or 
flameproof. 

506.17 Flexible Cords. Flexible cords used in Zone 20, 
Zone 21, and Zone 22 locations shall comply with all of the 
following: 

(1) Be of a type listed for extra-hard usage 


(D) Material Group. Equipment marked with Group 
“IIIC” shall be permitted for applications requiring IIIA or 
IIIB equipment. Similarly, equipment marked with Group 
“IIIB” shall be permitted for applications requiring IIIA 
equipment. [ROP 14-225] 

(E) Manufacturer’s Instructions. Electrical equipment 
installed in hazardous (classified) locations shall be in¬ 
stalled in accordance with the instructions (if any) provided 
by the manufacturer. 

(F) Temperature. The temperature marking specified in 
506.9(C)(2)(5) shall comply with (E)(1) or (E)(2): 
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(1) For combustible dusts, less than the lower of either the 
layer or cloud ignition temperature of the specific com¬ 
bustible dust. For organic dusts that may dehydrate or 
carbonize, the temperature marking shall not exceed 
the lower of either the ignition temperature or 165°C 
(329°F). 


ARTICLE 510 

Hazardous (Classified) Locations — 
Specific 


(2) For ignitible fibers/flyings, less than 165°C (329°F) for 
equipment that is not subject to overloading, or 120°C 
(248°F) for equipment (such as motors or power trans¬ 
formers) that may be overloaded. 

Informational Note: See NFPA 499-2008, Recommended 
Practice for the Classification of Combustible Dusts and of 
Hazardous (Classified) Locations for Electrical Installa¬ 
tions in Chemical Processing Areas, for minimum ignition 
temperatures of specific dusts. 

[ROP 14-225a] 

506.25 Grounding and Bonding. Grounding and bonding 
shall comply with Article 250 and the requirements in 
506.25(A) and (B). 

(A) Bonding. The locknut-bushing and double-locknut 
types of contacts shall not be depended on for bonding 
purposes, but bonding jumpers with proper fittings orjjther 
approved means of bonding shall be used. Such mi 
bonding shall apply to all intervening raceways, fi 
boxes, enclosures, and so forth, between Zone 20, Zorn 
and Zone 22 locations and the point of grounding for 
vice equipment or point of grounding of a separately di 
rived system. 



Exception: The specific bonding 
only to the nearest point wh 

ductor and the grounding vlectrode^^gaduct^^are con¬ 
nected together on the line side of the building or structure 
disconnecting means as specified in 250.32(B) if the branch 
side overcurrent protection is Iw&i tedj on the load side of 
the disconnecting means. 

[ROP 14-56a] 


510.1 Scope. Articles 511 through 517 cover occupancies 
or parts of occupancies that are or may be hazardous be¬ 
cause of atmospheric concentrations of flammable liquids, 
gases, or vapors, or because of deposits or accumulations of 
materials that may be readily ignitible. 

510.2 General. The general rules of this Code and the 
provisions of Articles 500 through 504 shall apply to elec¬ 
trical wiring and equipment in occupancies within the 
scope of Articles 511 through 517, except as such rules are 
modified in Articles 511 through 517. Where unusual con- 
ditions^xist hi a specific occupancy, the authority having 
jurisdiction shall judge with respect to the application of 

ic rules. 



ARTICLE 511 

ommercial Garages, Repair and 
Storage 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 30A-2008, Code 
for Motor Fuel Dispensing Facilities and Repair Garages. 
Only editorial changes were made to the extracted text to 
make it consistent with this Code. 

511.1 Scope. These occupancies shall include locations 
used for service and repair operations in connection with 
self-propelled vehicles (including, but not limited to, pas¬ 
senger automobiles, buses, trucks, and tractors) in which 
volatile flammable liquids or flammable gases are used for 
fuel or power. 


(B) Types of Equipment Grounding Conductors. Liq- 
uidtight flexible metal conduit shall include an equipment 
bonding jumper of the wire type in compliance with 
250.102. 

Exception: In Zone 22 locations, the bonding jumper shall 
be permitted to be deleted where all of the following con¬ 
ditions are met: 


511.2 Definitions. 

Major Repair Garage. A building or portions of a build¬ 
ing where major repairs, such as engine overhauls, paint¬ 
ing, body and fender work, and repairs that require draining 
of the motor vehicle fuel tank are performed on motor 
vehicles, including associated floor space used for offices, 
parking, or showrooms. [30A:3.3.12.1] 


(1) Listed liquidtight flexible metal conduit 1.8 m (6 ft) or 
less in length, with fittings listed for grounding, is used. 

(2) Overcurrent protection in the circuit is limited to 10 
amperes or less. 

(3) The load is not a power utilization load. 


Minor Repair Garage. A building or portions of a build¬ 
ing used for lubrication, inspection, and minor automotive 
maintenance work, such as engine tune-ups, replacement of 
parts, fluid changes (e.g., oil, antifreeze, transmission fluid, 
brake fluid, air-conditioning refrigerants), brake system re¬ 
pairs, tire rotation, and similar routine maintenance work. 
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including associated floor space used for offices, parking, or 
showrooms. [30A:3.3.12.2] 

511.3 Area Classification, General. Where Class I liquids 
or gaseous fuels are stored, handled, or transferred, electri¬ 
cal wiring and electrical utilization equipment shall be de¬ 
signed in accordance with the requirements for Class 1, 
Division 1 or 2 hazardous (classified) locations as classified 
in accordance with 500.5 and 500.6, and this article. A 
Class 1 location shall not extend beyond an unpierced wall, 
roof, or other solid partition that has no openings. 
[30A:8.3.5, 8.3.2] 

(A) Parking Garages. Parking garages used for parking or 
storage shall be permitted to be unclassified. 

Informational Note: For further information, see 

NFPA 88A-2011, Standard for Parking Structures, and 
NFPA 30A-2008, Code for Motor Fuel Dispensing Facili¬ 
ties and Repair Garages. 

(B) Repair Garages, With Dispensing. Major and minor 
repair garages that dispense motor fuels into the fuel tanks 
of vehicles, including flammable liquids having a flash 
point below 38°C (100°F) such as gasoline, or gaseous 
fuels such as natural gas, hydrogen, or LPG, shall have thei 
dispensing functions and components classified in accor¬ 
dance with Table 514.3(B)(1) in addition to any classifica¬ 
tion required by this section. Where Class I liquids, other 
than fuels, are dispensed, the area within 900 mrn(3 ft)|pf 
any fill or dispensing point, extending in all directions, 
shall be a Class I, Division 2 location. 

(C) Major Repair Garages. Where flanjQiabraBkquids 
having a flash point below 38°C (100°F) su8| as gasoline, 
or gaseous fuels such as natitBLgas, hydrogen! or LPG, 
will not be dispensed, but repair ackfvities that involve the 
transfer of such fluids or gases are performed, the classifi¬ 
cation rules in (1), (2), and (3) shall apply. 

(1) Floor Areas. 

(a) Ventilation Provided. The floor area shall be un¬ 
classified where there is mechanical ventilation providing a 
minimum of four air changes per hour or 0.3 m 3 /min/m 2 (1 
cfm/ft 2 ) of exchanged air for each square meter (foot) of 
floor area. Ventilation shall provide for air exchange across 
the entire floor area, and exhaust air shall be taken at a 
point within 0.3 m (12 in.) of the floor. 

(b) Ventilation Not Provided. The entire floor area up 
to a level of 450 mm (18 in.) above the floor shall be 
classified as Class I, Division 2 if the ventilation does not 
comply with 511.3(C)(1)(a). 


of the ceiling shall be considered for classification in accor¬ 
dance with (a) and (b). 

(a) Ventilation Provided. The ceiling area shall be un¬ 
classified where ventilation is provided, from a point not 
more than 450 mm (18 in.) from the highest point in the 
ceiling, to exhaust the ceiling area at a rate of not less than 
0.3 m 3 /min/m 2 (1 cfm/ft 2 ) of ceiling area at all times that 
the building is occupied or when vehicles using lighter- 
than-air gaseous fuels are parked below this area. 

(b) Ventilation Not Provided. Ceiling areas that are not 
ventilated in accordance with 511.3(C)(2)(a) shall be clas¬ 
sified as Class I, Division 2. 

(3) Pit Areas in Lubrication or Service Room. Any pit, 
belowgrade work area, or subfloor work area shall be clas¬ 
sified as provided jffe) or (b). 

(a) Ventilation Provided. The pit area shall be a Class 
I, Division 3p5cation where there is mechanical ventilation 
providing a minimum of six air changes per hour. 

(b) Ventilation Not rnfyded. Where ventilation is not 
provided inj^hrdance with 511.3(C)(3)(a), any pit or de- 
preSton below floor level shall be a Class I, Division 1 
location that extends up to the floor level. 

(D) Minor Repair Garages. Where flammable liquids 
having a flash point below 38°C (100°F) such as gasoline, 
or gaseous fuels such as natural gas or hydrogen, will not 
be dispensed or transferred, the classification rules in 
(D)(1), (D)(2), and (D)(3) shall apply to the lubrication and 
service rooms. 

(1) Floor Areas. Floor areas in minor repair garages with¬ 
out pits, belowgrade work areas, or subfloor work areas 
shall be unclassified. Where floor areas include pits, below¬ 
grade work areas, or subfloor work areas in lubrication or 
service rooms, the classification rules in (a) or (b) shall 
apply. 

(a) Ventilation Provided. The entire floor area shall be 
unclassified where there is mechanical ventilation provid¬ 
ing a minimum of four air changes per hour or 0.3 
m 3 /min/m 2 (1 cfm/ft 2 ) of exchanged air for each square 
meter (foot) of floor area. Ventilation shall provide for air 
exchange across the entire floor area, and exhaust air shall 
be taken at a point within 0.3 m (12 in.) of the floor. 

(b) Ventilation Not Provided. The floor area up to a 
level of 450 mm (18 in.) above any unventilated pit, below¬ 
grade work area, or subfloor work area and extending a 
distance of 900 mm (3 ft) horizontally from the edge of any 
such pit, belowgrade work area, or subfloor work area, shall 
be classified as Class I, Division 2. 


(2) Ceiling Areas. Where lighter-than-air gaseous fueled 
vehicles, such as vehicles fueled by natural gas or hydro¬ 
gen, are repaired or stored, the area within 450 mm (18 in.) 


(2) Ceiling Areas. Where lighter-than-air gaseous fuels 
(such as natural gas or hydrogen) will not be transferred, 
such locations shall be unclassified. 
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(3) Pit Areas in Lubrication or Service Room. Any pit, 
belowgrade work area, or subfloor work area shall be clas¬ 
sified as provided in (a) or (b). 

(a) Ventilation Provided. Where ventilation is provided 
to exhaust the pit area at a rate of not less than 0.3 
m 3 /min/m 2 (1 cfm/ft 2 ) of floor area at all times that the 
building is occupied, or when vehicles are parked in or over 
this area and where exhaust air is taken from a point within 
300 mm (12 in.) of the floor of the pit, belowgrade work 
area, or subfloor work area, the pit shall be unclassified. 
[30A:7.4.5.4. Table 8.3.1] 

(b) Ventilation Not Provided. Where ventilation is not 
provided in accordance with 511.3(D)(3)(a), any pit or de¬ 
pression below floor level shall be a Class I, Division 2 
location that extends up to the floor level. 

(E) Modifications to Classification. 

(1) Specific Areas Adjacent to Classified Locations. Ar¬ 
eas adjacent to classified locations in which flammable va¬ 
pors are not likely to be released, such as stock rooms, 
switchboard rooms, and other similar locations, shall be 
unclassified where mechanically ventilated at a rate of four 
or more air changes per hour, or designed with positive air 
pressure, or where effectively cut off by walls or part 

(2) Alcohol-Based Windshield Washer Fluid. The 1 
used for storage, handling, or dispensing into motor 
hides of alcohol-based windshield washer fluid in 
garages shall be unclassified unless otherwise classified b' 
a provision of 511.3. [30A:8.3.5, E 

511.4 Wiring and Equipme 


(A) Wiring Located in 

locations as classified 
applicable provisions of A: 




s. Within Class I 
all conform to 


(B) Equipment Located in Class I Locations. Within 
Class I locations as defined in 51 l^^equipment shall con¬ 
form to applicable provisions of Article 501. 

(1) Fuel-Dispensing Units. Where fuel-dispensing units 
(other than liquid petroleum gas, which is prohibited) are 
located within buildings, the requirements of Article 514 
shall govern. 

Where mechanical ventilation is provided in the dis¬ 
pensing area, the control shall be interlocked so that the 
dispenser cannot operate without ventilation, as prescribed 
in 500.5(B)(2). 

(2) Portable Lighting Equipment. Portable lighting 
equipment shall be equipped with handle, lampholder, 
hook, and substantial guard attached to the lampholder or 
handle. All exterior surfaces that might come in contact 
with battery terminals, wiring terminals, or other objects 
shall be of nonconducting material or shall be effectively 


protected with insulation. Lampholders shall be of an un¬ 
switched type and shall not provide means for plug-in of 
attachment plugs. The outer shell shall be of molded com¬ 
position or other suitable material. Unless the lamp and its 
cord are supported or arranged in such a manner that they 
cannot be used in the locations classified in 511.3, they 
shall be of a type identified for Class I, Division 1 loca¬ 
tions. 

511.7 Wiring and Equipment Installed Above Class I 
Locations. 

(A) Wiring in Spaces Above Class I Locations. 

(1) Fixed Wiring Above Class I Locations. All fixed wir¬ 
ing above Claj&I locations shall be in metal raceways, rigid 
nonmetallic conduit, electrical nonmetallic tubing, flexible 
metal conduit, liquidtight flexible metal conduit, or liq- 
uidtight flexible nonmetallic conduit, or shall be Type MC, 
AC,)MI, manufactured wiring systems, or PLTC cable in 
ordance with Article 725, or Type TC cable or Type ITC 
Eable intaccordance with Article 727. Cellular metal floor 
or cellular concrete floor raceways shall be per- 
d to be used only for supplying ceiling outlets or ex¬ 
tensions to the area below the floor, but such raceways shall 
have no connections leading into or through any Class I 
in above the floor. 


(2) Pendant. For pendants, flexible cord suitable for the 
type of service and listed for hard usage shall be used. 

(B) Electrical Equipment Installed Above Class I Loca¬ 
tions. 

(1) Fixed Electrical Equipment. Electrical equipment in a 
fixed position shall be located above the level of any de¬ 
fined Class I location or shall be identified for the location. 

(a) Arcing Equipment. Equipment that is less than 3.7 
m (12 ft) above the floor level and that may produce arcs, 
sparks, or particles of hot metal, such as cutouts, switches, 
charging panels, generators, motors, or other equipment 
(excluding receptacles, lamps, and lampholders) having 
make-and-break or sliding contacts, shall be of the totally 
enclosed type or constructed so as to prevent the escape of 
sparks or hot metal particles. 

(b) Fixed Lighting. Lamps and lampholders for fixed 
lighting that is located over lanes through which vehicles 
are commonly driven or that may otherwise be exposed to 
physical damage shall be located not less than 3.7 m (12 ft) 
above floor level, unless of the totally enclosed type or 
constructed so as to prevent escape of sparks or hot metal 
particles. 

511.9 Sealing. Seals complying with the requirements of 
501.15 and 501.15(B)(2) shall be provided and shall apply 
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to horizontal as well as vertical boundaries of the defined 
Class I locations. 

511.10 Special Equipment. 


ARTICLE 513 
Aircraft Hangars 


(A) Battery Charging Equipment. Battery chargers and 
their control equipment, and batteries being charged, shall 
not be located within locations classified in 511.3. 

(B) Electric Vehicle Charging Equipment. 

(1) General. All electrical equipment and wiring shall be 
installed in accordance with Article 625, except as noted in 
511.10(B)(2) and (B)(3). Flexible cords shall be of a type 
identified for extra-hard usage. 


513.1 Scope. This article shall apply to buildings or struc¬ 
tures in any part of which aircraft containing Class I (flam¬ 
mable) liquids or Class II (combustible) liquids whose tem¬ 
peratures are above their flash points are housed or stored 
and in which aircraft might undergo service, repairs, or 
alterations. It shall not apply to locations used exclusively 
for aircraft that have never contained fuel or unfueled air¬ 
craft. 


(2) Connector Location. No connector shall be located 
within a Class I location as defined in 511.3. 

(3) Plug Connections to Vehicles. Where the cord is sus¬ 
pended from overhead, it shall be arranged so that the low¬ 
est point of sag is at least 150 mm (6 in.) above the floor. 
Where an automatic arrangement is provided to pull both 
cord and plug beyond the range of physical damage, no 
additional connector shall be required in the cable or at the 
outlet. 

511.12 Ground-Fault Circuit-Interrupter Protection for 
Personnel. All 125-volt, single-phase, 15- and 20-ampere 
receptacles installed in areas where electrical diagnostic 
equipment, electrical hand tools, or portable lighting equij 
ment are to be used shall have groundrfault circuit- 
interrupter protection for personnel. 

511.16 Grounding and Bonding 


(A) General Grounding Reqi 

ways, the metal armor or meta 1 
non-current-carrying metal parts 
trical equipment, regardless of voltai 


itaHpce- 
s, and all 
ible elec- 
grounded. 


(B) Supplying Circuits with Grounded and Grounding 
Conductors in Class I Locations. Grounding in Class I 
locations shall comply with 501.30. 


Informational Note No. 1: For definitions of aircraft han¬ 
gar and unfueled aircraft, see NFPA 409-2011, Standard on 
Aircraft Hangars .a 


Informational 
classificatii 
tible Lit 


finitions. For trraRwirpose of this article, the fol- 
s shall apply. 




2: For further information on fuel 
’A 30-2008, Flammable and Combus- 



Aircraft Painting Hangar. An aircraft hangar constructed 
for the express purpose of spray/coating/dipping applica- 
tionsand provided with dedicated ventilation supply and 

ex^^^ 

bile Equipment. Equipment with electrical components 
suitable to be moved only with mechanical aids or is pro- 
,ed with wheels for movement by person(s) or powered 
evices. 

Portable Equipment. Equipment with electrical compo¬ 
nents suitable to be moved by a single person without me¬ 
chanical aids. 

513.3 Classification of Locations. 

(A) Below Floor Level. Any pit or depression below the 
level of the hangar floor shall be classified as a Class I, 
Division 1 or Zone 1 location that shall extend up to said 
floor level. 


(1) Circuits Supplying Portable Equipment or Pen¬ 
dants. Where a circuit supplies portables or pendants and 
includes a grounded conductor as provided in Article 200, 
receptacles, attachment plugs, connectors, and similar de¬ 
vices shall be of the grounding type, and the grounded 
conductor of the flexible cord shall be connected to the 
screw shell of any lampholder or to the grounded terminal 
of any utilization equipment supplied. 

(2) Approved Means. Approved means shall be provided 
for maintaining continuity of the equipment grounding con¬ 
ductor between the fixed wiring system and the non- 
current-carrying metal portions of pendant luminaires, por¬ 
table luminaires, and portable utilization equipment. 


(B) Areas Not Cut OH' or Ventilated. The entire area of 
the hangar, including any adjacent and communicating ar¬ 
eas not suitably cut off from the hangar, shall be classified 
as a Class I, Division 2 or Zone 2 location up to a level 
450 mm (18 in.) above the floor. 

(C) Vicinity of Aircraft. 

(1) Aircraft Maintenance and Storage Hangars. The 

area within 1.5 m (5 ft) horizontally from aircraft power 
plants or aircraft fuel tanks shall be classified as a Class I, 
Division 2 or Zone 2 location that shall extend upward 
from the floor to a level 1.5 m (5 ft) above the upper 
surface of wings and of engine enclosures. 
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(2) Aircraft Painting Hangars. The area within 3 m 
(10 ft) horizontally from aircraft surfaces from the floor to 
3 m (10 ft) above the aircraft shall be classified as Class I, 
Division 1 or Class I, Zone 1. The area horizontally from 
aircraft surfaces between 3.0 m (10 ft) and 9.0 m (30 ft) 
from the floor to 9.0 m (30 ft) above the aircraft surface 
shall be classified as Class I, Division 2 or Class I, Zone 2. 

Informational Note: See NFPA 33-2011, Standard for 
Spray Application Using Flammable or Combustible Mate¬ 
rials, for information on ventilation and grounding for 
static protection in spray painting areas. 


(C) Arcing Equipment. In locations above those de¬ 
scribed in 513.3, equipment that is less than 3.0 m (10 ft) 
above wings and engine enclosures of aircraft and that may 
produce arcs, sparks, or particles of hot metal, such as 
lamps and lampholders for fixed lighting, cutouts, switches, 
receptacles, charging panels, generators, motors, or other 
equipment having make-and-break or sliding contacts, shall 
be of the totally enclosed type or constructed so as to pre¬ 
vent the escape of sparks or hot metal particles. 

Exception: Equipment in areas described in 513.3(D) 
shall be permitted to be of the general-purpose type. 


(D) Areas Suitably Cut Off and Ventilated. Adjacent ar¬ 
eas in which flammable liquids or vapors are not likely to 
be released, such as stock rooms, electrical control rooms, 
and other similar locations, shall be unclassified where ad¬ 
equately ventilated and where effectively cut olf from the 
hangar itself by walls or partitions. 

513.4 Wiring and Equipment in Class I Locations. 

(A) General. All wiring and equipment that is or may be 
installed or operated within any of the Class I locations 
defined in 513.3 shall comply with the applicable provi¬ 
sions of Article 501 or Article 505 for the division 
in which they are used. 

Attachment plugs and receptacles in Class I locati 
shall be identified for Class I locations or shall be desig 
such that they cannot be energized wjnlethe connectio 
are being made or broken. 


(B) Stanchions, Rostrums, 

outlets, and equipment 
stanchions, rostrums, or 
be located in a Class FNlfcation 
shall comply with the applicable proviso 
or Article 505 for the divisio 
used. 




wiring, 
ttached to 
likely to 
d in 513.3(C), 
of Article 501 
r n which they are 


(D) Lampholders. Lampholders of metal-shell, fiber-lined 
types shall not be used for fixed incandescent lighting. 

(E) Stanchions, Rostrums, or Docks. Where stanchions, 
rostrums, or docks are not located or likely to be located in 
a Class I location, as defined in 513.3(C), wiring and equip¬ 
ment shall comply with 513.7, except that such wiring and 

fipmcnt not more than 457 mm (18 in.) above the floor 
In any position shall^comply with 513.4(B). Receptacles 
and attachment plugs shall be of a locking type that will not 
ly disconnect. 

(F) Mobile Stanchions. Mobile stanchions with electrical 
ment complying with 513.7(E) shall carry at least one 
anently affixed warning sign with the following words 

or equivalent: 

WARNING 

KEEP 5 FT CLEAR OF AIRCRAFT 
ENGINES AND FUEL TANK AREAS 


WARNING 

KEEP 1.5 METERS CLEAR OF AIRCRAFT 
ENGINES AND FUEL TANK AREAS 

513.8 Underground Wiring. 


513.7 Wiring and Equipment Not Installed in Class I 
Locations. 

(A) Fixed Wiring. All fixed wiring in a hangar but not 
installed in a Class I location as classified in 513.3 shall be 
installed in metal raceways or shall be Type MI, TC, or MC 
cable. 

Exception: Wiring in unclassified locations, as described 
in 513.3(D), shall be permitted to be any suitable type 
wiring method recognized in Chapter 3. 

(B) Pendants. For pendants, flexible cord suitable for the 
type of service and identified for hard usage or extra-hard 
usage shall be used. Each such cord shall include a separate 
equipment grounding conductor. 


(A) Wiring and Equipment Embedded, Under Slab, or 
Underground. All wiring installed in or under the hangar 
floor shall comply with the requirements for Class I, Divi¬ 
sion 1 locations. Where such wiring is located in vaults, 
pits, or ducts, adequate drainage shall be provided. 

(B) Uninterrupted Raceways, Embedded, Under Slab, 
or Underground. Uninterrupted raceways that are embed¬ 
ded in a hangar floor or buried beneath the hangar floor 
shall be considered to be within the Class I location above 
the floor, regardless of the point at which the raceway de¬ 
scends below or rises above the floor. 

513.9 Sealing. Seals shall be provided in accordance with 
501.15 or 505.16, as applicable. Sealing requirements 
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specified shall apply to horizontal as well as to vertical 
boundaries of the defined Class I locations. 

513.10 Special Equipment. 

(A) Aircraft Electrical Systems. 

(1) De-energizing Aircraft Electrical Systems. Aircraft 
electrical systems shall be de-energized when the aircraft is 
stored in a hangar and, whenever possible, while the air¬ 
craft is undergoing maintenance. 

(2) Aircraft Batteries. Aircraft batteries shall not be 
charged where installed in an aircraft located inside or par¬ 
tially inside a hangar. 

(B) Aircraft Battery Charging and Equipment. Battery 
chargers and their control equipment shall not be located or 
operated within any of the Class I locations defined in 
513.3 and shall preferably be located in a separate building 
or in an area such as defined in 513.3(D). Mobile chargers 
shall carry at least one permanently affixed warning sign 
with the following words or equivalent: 

WARNING 

KEEP 5 FT CLEAR OF AIRCRAFT ENGINES 
AND FUEL TANK AREAS 


WARNING 

KEEP 1.5 METERS CLEAR OF AIRCRAFT 
ENGINES AND FUEL TANK AREAS 

Tables, racks, trays, and wiring shall 
within a Class I location and, in additiQflM&hall 
Article 480. 

(C) External Power Sources^foi -era! 

(1) Not Less Than 450 mm (18 fit^^bove Floor. Aircraft 
energizers shall be designed and mounted such that all elec¬ 
trical equipment and fixed wiring will be at least 450 mm 
(18 in.) above floor level and shall not be operated in a 
Class I location as defined in 513.3(C). 

(2) Marking for Mobile Units. Mobile energizers shall 
carry at least one permanently affixed warning sign with the 
following words or equivalent: 

WARNING 

KEEP 5 FT CLEAR OF AIRCRAFT 
ENGINES AND FUEL TANK AREAS 

or 

WARNING 

KEEP 1.5 METERS CLEAR OF AIRCRAFT 
ENGINES AND FUEL TANK AREAS 

(3) Cords. Flexible cords for aircraft energizers and 
ground support equipment shall be identified for the type of 


service and extra-hard usage and shall include an equip¬ 
ment grounding conductor. 

(D) Mobile Servicing Equipment with Electrical Com¬ 
ponents. 

(1) General. Mobile servicing equipment (such as vacuum 
cleaners, air compressors, air movers) having electrical wir¬ 
ing and equipment not suitable for Class I, Division 2 or 
Zone 2 locations shall be so designed and mounted that all 
such fixed wiring and equipment will be at least 450 mm 
(18 in.) above the floor. Such mobile equipment shall not be 
operated within the Class 1 location defined in 513.3(C) and 
shall carry at least one permanently affixed warning sign 
with the following words or equivalent: 


WARNING 
KEEP 5 FT CL: 
AND FUEL 




ING 

1.5 MJJJJERS CLEAl 
ANK AREAS 


OF AIRCRAFT ENGINES 
REAS 


OF AIRCRAFT ENGINES 


Cords and Connectors. Flexible cords for mobile 
ment shall be suitable for the type of service and 
identified for extra-hard usage and shall include an equip- 
t grounding conductor. Attachment plugs and recep- 
cles shall be identified for the location in which they are 
tailed and shall provide for connection of the equipment 
'unding conductor. 

(3) Restricted Use. Equipment that is not identified as 
suitable for Class I, Division 2 locations shall not be oper¬ 
ated in locations where maintenance operations likely to 
release flammable liquids or vapors are in progress. 

(E) Portable Equipment. 

(1) Portable Lighting Equipment. Portable lighting 
equipment that is used within a hangar shall be identified 
for the location in which they are used. For portable lumi¬ 
naires, flexible cord suitable for the type of service and 
identified for extra-hard usage shall be used. Each such 
cord shall include a separate equipment grounding conduc¬ 
tor. 

(2) Portable Utilization Equipment. Portable utilization 
equipment that is or may be used within a hangar shall be 
of a type suitable for use in Class I, Division 2 or Zone 2 
locations. For portable utilization equipment, flexible cord 
suitable for the type of service and approved for extra-hard 
usage shall be used. Each such cord shall include a separate 
equipment grounding conductor. 

513.12 Ground-Fault Circuit-Interrupter Protection for 
Personnel. All 125-volt, 50/60-Hz, single-phase, 15- and 
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20-ampere receptacles installed in areas where electrical 
diagnostic equipment, electrical hand tools, or portable 
lighting equipment are to be used shall have ground-fault 
circuit-interrupter protection for personnel. 

513.16 Grounding and Bonding Requirements. 

(A) General Grounding Requirements. All metal race¬ 
ways, the metal armor or metallic sheath on cables, and all 
non-current-carrying metal parts of fixed or portable elec¬ 
trical equipment, regardless of voltage, shall be grounded. 
Grounding in Class I locations shall comply with 501.30 
for Class I, Division 1 and 2 locations and 505.25 for Class 
I, Zone 0, 1, and 2 locations. 

(B) Supplying Circuits with Grounded and Grounding 
Conductors in Class I Locations. 

(1) Circuits Supplying Portable Equipment or Pen¬ 
dants. Where a circuit supplies portables or pendants and 
includes a grounded conductor as provided in Article 200, 
receptacles, attachment plugs, connectors, and similar de¬ 
vices shall be of the grounding type, and the grounded 
conductor of the flexible cord shall be connected to the 
screw shell of any lampholder or to the grounded terminal 
of any utilization equipment supplied. 

(2) Approved Means. Approved means shall be provided 
for maintaining continuity of the grounding conductor be¬ 
tween the fixed wiring system and the non-current-carrying 
metal portions of pendant luminaires, portable luminairi 
and portable utilization equipment. 


A 

Motor Fuel 


Informational Note: Text that is fSttdRed by a reference in 
brackets has been extracted from NFPA 30A-2008, Code 
for Motor Fuel Dispensing Facilities and Repair Garages. 
Only editorial changes were made to the extracted text to 
make it consistent with this Code. 

514.1 Scope. This article shall apply to motor fuel dispens¬ 
ing facilities, marine/motor fuel dispensing facilities, motor 
fuel dispensing facilities located inside buildings, and fleet 
vehicle motor fuel dispensing facilities. 


equipment into the fuel tanks of motor vehicles or marine 
craft or into approved containers, including all equipment 
used in connection therewith. [30A:3.3.11] 

Informational Note: Refer to Articles 510 and 511 with 
respect to electrical wiring and equipment for other areas 
used as lubritoriums, service rooms, repair rooms, offices, 
salesrooms, compressor rooms, and similar locations. 

514.3 Classification of Locations. 

(A) Unclassified Locations. Where the authority having 
jurisdiction can satisfactorily determine that flammable liq¬ 
uids having a flash point below 38°C (100°F), such as gaso¬ 
line, will not be handled, such location shall not be required 
to be classified. 



J Class I, Div. 2 or Class I, Zone 2 
Class I, Div. 1 or Class I, Zone 1 


Note: Not to scale. 


Figure 514.3(a) Classified Areas Adjacent to Dispensers [30A: 
Figure 8.3.2(a)] [ROP 14-237] 


(B) Classified Locations. 


Informational Note: For further information regarding 
safeguards for motor fuel dispensing facilities, see NFPA 
30A-2008, Code for Motor Fuel Dispensing Facilities and 
Repair Garages. 

514.2 Definition. 

Motor Fuel Dispensing Facility. That portion of a prop¬ 
erty where motor fuels are stored and dispensed from fixed 


(1) Class I Locations. Table 514.3(B)(1) shall be applied 
where Class I liquids are stored, handled, or dispensed and 
shall be used to delineate and classify motor fuel dispens¬ 
ing facilities and commercial garages as defined in Article 
511. Table 515.3 shall be used for the purpose of delineat¬ 
ing and classifying aboveground tanks. A Class I location 
shall not extend beyond an unpierced wall, roof, or other 
solid partition. [30A:8.1, 8.3] 
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;s I Division 2 or 
Class I, Zone 2 


Note: Not to scale. 

Figure 514.3(b) Classified Areas Adjacent to Dispens 
14-237] 

(2) Compressed Natural Gas, Liquefied Natural Gas, 
and Liquefied Petroleum GaSiAreas. Tabl^514.3(B^2) 
shall be used to delineate and classify areas where com¬ 
pressed natural gas (CNG), liquefied iwtural sad (LNG), or 
liquefied petroleum gas (LPG) is stored^ handled, or dis¬ 
pensed. Where CNG or LNG dispenserk,:pre installed be¬ 
neath a canopy or enclosure, either the canopy or the en¬ 
closure shall be designed to prevent accumulation or 
entrapment of ignitible vapors, or all electrical equipment 
installed beneath the canopy or enclosure shall be suitable 
for Class I, Division 2 hazardous (classified) locations. Dis¬ 
pensing devices for liquefied petroleum gas shall be located 


Aboveground Storage Tank [30A: Figure 8.3.2(b)] [ROP 


not less than 1.5 m (5 ft) from any dispensing device for 
Class I liquids. [30A:12.1, 12.4, 12.5] 

Informational Note No. 1: For information on area classi¬ 
fication where liquefied petroleum gases are dispensed, see 
NFPA 58-2011, Liquefied Petroleum Gas Code. 

Informational Note No. 2: For information on classified 
areas pertaining to LP-Gas systems other than residential or 
commercial, see NFPA 58-2011, Liquefied Petroleum Gas 
Code, and NFPA 59-2008, Utility LP-Gas Plant Code. 


Informational Note No. 3: See _ 
pensing stations in marinas and boatyards. 


for motor fuel dis- 


Table 514.3(B)(1) Class I Locations — Motor Fuel Dispensing Facilities 


Location 

Division 
(Group D) 

Zone (Group 
IIA) 

Extent of Classified Location 1 

Dispensing Device (except Overhead 
Type) 2 3 

Under dispenser containment 

1 

1 

Entire space within and under dispenser pit or containment 
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Table 514.3(B)(1) Continued 



Division 

Zone(Group 


Location 

(Group D) 

IIA) 

Extent of Classified Location 1 

Dispenser 

2 

2 

Within 450 mm (18 in.) of dispenser enclosure or that 
portion of dispenser enclosure containing liquid handling 
components, extending horizontally in all directions and 
down to grade level 

Outdoor 

2 

2 

Up to 450 mm (18 in.) above grade level, extending 6 m 
(20 ft) horizontally in all directions from dispenser 
enclosure 

Indoor 

- with mechanical ventilation 

2 

2 

Up to 450 mm (18 in.) above floor level, extending 6 m 
(20 ft) horizontally in all directions from dispenser 
enclosure 

- with gravity ventilation 

2 

2 

Up to 450 mm (18 in.) above floor level, extending 7.5 m 
(25 ft) horizontally in all directions from dispenser 
enclosiu^^ 


Dispensing Device — Overhead 

1 

1 

Space within dispenser enclosure and all electrical 

Type 4 

2 

2 

equipment integral with dispensing hose or nozzle 

Within 450 mm ^18 in.) of dispenser enclosure, extending 
horizontally in all directions and down to grade level 

Up4.o 450 mm (Is in.) above grade level, extending 6 m 


2 





^20 ft) horizontally in all directions from a point vertically 
below edge of dispenser enclosure 


Remote Pump 

Outdoor 


Indoor 


Sales, Storage, Rest Rooms including 

structures (such as the attendant 
kiosk) on or adjacent to dispensers 



unclassified 

1 


space within any pit or box below grade level, any 
rt of which is within 3 m (10 ft) horizontally from any 
dge of pump 

Within 900 mm (3 ft) of any edge of pump, extending 
horizontally in all directions 

Up to 450 mm (18 in.) above grade level, extending 3 m 
(10 ft) horizontally in all directions from any edge of pump 
Entire space within any pit 

Within 1.5 m (5 ft) of any edge of pump, extending in all 
directions 

Up to 900 mm (3 ft) above floor level, extending 7.5 m 
(25 ft) horizontally in all directions from any edge of pump 

Except as noted below 

Entire volume, if there is any opening to room within the 
extent of a Division 1 or Zone 1 location 
Entire volume, if there is any opening to room within the 
extent of a Division 2 or Zone 2 location 


Tank, Aboveground 




Inside tank 

1 

0 

Entire inside volume 

Shell, ends, roof, dike area 

1 

1 

Entire space within dike, where dike height exceeds 
distance from tank shell to inside of dike wall for more 
than 50 percent of tank circumference 


2 

2 

Entire space within dike, where dike height does not 
exceed distance from tank shell to inside of dike wall for 
more than 50 percent of tank circumference 

Vent 

2 

2 

Within 3 m (10 ft) of shell, ends, or roof of tank 


1 

1 

Within 1.5 m (5 ft) of open end of vent, extending in all 
directions 


2 

2 

Between 1.5 m and 3 m (5 ft and 10 ft) from open end of 
vent, extending in all directions 


Tank, Underground 

Inside tank 


0 Entire inside volume 
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Table 514.3(B)(1) Continued 


Location 

Division 
(Group D) 

Zone (Group 
IIA) 

Extent of Classified Location 1 

Fill Opening 

1 

1 

Entire space within any pit or box below grade level, any 
part of which is within a Division 1 or Division 2 
classified location or within a Zone 1 or Zone 2 classified 
location 


2 

2 

Up to 450 mm (18 in.) above grade level, extending 1.5 m 
(5 ft) horizontally in all directions from any tight-fill 
connection and extending 3 m (10 ft) horizontally in all 
directions from any loose-fill connection 

Vent 

1 

1 

Within 1.5 m (5 ft) of open end of vent, extending in all 
directions 


2 

2 

Between 1.5 m and 3 m (5 ft and 10 ft) from open end of 
vent, extending in all directions 


Vapor Processing System 
Pits 


Equipment in protective enclosures 
Equipment not within protective 
enclosure 


Equipment enclosure 


Vacuum assist blower 


Vault 


1 For marine application, grade level n? 

2 Refer to Figure 514.3(a) and Figure 5l4^(bkfor an 
3 Area classification inside the dispenser end 
4 Ceiling-mounted hose reel. [30A: Table 8.3.1]' 


Entire spac&fwdthin any pit or box below grade level, any 
part of wjpich: (1) is within a Division 1 or Division 2 
classifiecfTocation; (^is within a Zone 1 or Zone 2 
classified location; (3) houses any equipment used to 
Iranmer or process vapors 
Entire spaefe, within encloRtre 
Within 450 mm (18 in.) of equipment containing 

ile vapors or liquid, extending horizontally in all 
dirSctitos and down to grade level 
Up to^BRmm (18 in.) above grade level within 3 m 
ft) horizontally of the vapor processing equipment 

ce within enclosure, if flammable vapor or liquid 
t under normal operating conditions 
Entire space within enclosure, if flammable vapor or liquid 
is not present under normal operating conditions 
Within 450 mm (18 in.) of blower, extending horizontally 
in all directions and down to grade level 
Up to 450 mm (18 in.) above grade level, extending 3 m 
(10 ft) horizontally in all directions 

Entire interior space, if Class I liquids are stored within 

la pier, extending down to water level, 
stration of classified location around dispensing devices. [ROP 14-237] 
fered in UL 87, Standard for Power-Operated Dispensing Devices for Petroleum Products. 



(C) Motor Fuel Dispensing Stations in Boatyards and 
Marinas. [ROP 14-238] 

(1) General. Electrical wiring and equipment located at or 
serving motor fuel dispensing locations shall be installed on 
the side of the wharf, pier, or dock opposite from the liquid 
piping system. 

Informational Note: For additional information, see 
NFPA 303-2011, Fire Protection Standard for Marinas and 
Boatyards , and NFPA 30A-2008, Motor Fuel Dispensing 
Facilities and Repair Garages. 

(2) Classification of Class I, Division 1 and 2 Areas. The 

following criteria shall be used for the purposes of applying 
Table 514.3(B)(1) and Table 514.3(B)(2) to motor fuel dis¬ 
pensing equipment on floating or fixed piers, wharfs, or 
docks. 


(D) Closed Construction. Where the construction of float¬ 
ing docks, piers, or wharfs is closed so that there is no 
space between the bottom of the dock, pier, or wharf and 
the water, such as concrete enclosed expanded foam or 
similar construction, and having integral service boxes with 
supply chases, the following shall apply: [ROP 14-238] 

(1) The space above the surface of the floating dock, pier, 
or wharf shall be a Class I, Division 2 location with 
distances as identified in Table 514.3(B)(1), Dispenser 
and Outdoor. 

(2) The space below the surface of the floating dock, pier, 
or wharf, having areas or enclosures such as tubs, 
voids, pits, vaults, boxes, depressions, fuel piping 
chases, or similar spaces where flammable liquid or 
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Table 514.3(B)(2) Electrical Equipment Classified Areas for Dispensing Devices 


Extent of Classified Area 


Dispensing Device 


Class I, Division 1 


Class I, Division 2 


Compressed natural gas 
Liquefied natural gas 

Liquefied petroleum gas 


Entire space within the dispenser enclosure 


Entire space within the dispenser enclosure and 
1.5 m (5 ft) in all directions from the dispenser 
enclosure 

Entire space within the dispenser enclosure; 

450 mm (18 in.) from the exterior surface of 
the dispenser enclosure to an elevation of 1.2 m 
(4 ft) above the base of the dispenser; the entire 
pit or open space beneath the dispenser and 
within 6.0 m (20 ft) horizontally from any edge 
of the dispenser when the pit or trench is not 
mechanically ventilated. 


1.5 m (5 ft) in all directions from dispenser 
enclosure 

From 1.5 m to 3.0 m (5 ft to 10 ft) in all 
directions from the dispenser enclosure 


Up to 450 mm (18 in.) aboveground and within 
6.0 m (20 ft) horizontally from any edge of the 
dispenser enclosure, including pits or trenches 
within this area when provided with adequate 
mechanical ventilation 


[30A: Table 12.6.2] 

vapor can accumulate, shall be a Class I, Division 1 

location. 

Exception No. 1: Dock, pier, or wharf sections that do not 
support fuel dispensers and abut but are 6.0 m (20 
more from dock sections that support fuel dispenserf 
be permitted to be Class I, Division 2 where docu, 
air space is provided between dock sections to permit 
mable liquids or vapors to dissipate and not travel to 
dock sections. Such documentation _ shall coldly 
500.4(A). 


Exception No. 2: Dock, pier, or who 
support fuel dispensers and do not 
that support fuel dispenses shall be 
sified where documentemair space is 
flammable liquids or va t 
sections. Such documentation 




ections that dolTbt 
irectty qbut sections 
fttecp to be unclas- 
ided^nd where 
\l to these dock 
with 500.4(A). 


(E) Open Construction. Where the construction of piers, 
wharfs, or docks is open, such as decks built on stringers 
supported by pilings, floats, pontoons, or similar construc¬ 
tion, the following shall apply: [ROP 14-238] 

(1) The area 450 mm (18 in) above the surface of the dock, 
pier, or wharf and extending 6.0 m (20 ft) horizontally 
in all directions from the outside edge of the dispenser 
and down to the water level shall be Class 1, Division 
2 . 

(2) Enclosures such as tubs, voids, pits, vaults, boxes, de¬ 
pressions, piping chases, or similar spaces where flam¬ 
mable liquids or vapors can accumulate within 6.0 m 
(20 ft) of the dispenser shall be a Class I, Division 1 
location. 

514.4 Wiring and Equipment Installed in Class I Loca¬ 
tions. All electrical equipment and wiring installed in Class 



cations as classified in 514.3 shall comply with the 
pplicable provision^f Article 501. 

eption: As permitted in 514.8. 

mational Note: For special requirements for conduc- 
lation, see 501.20. 

Wiring and Equipment Above Class I Locations. 

Wiring and equipment above the Class 1 locations as clas¬ 
sified in 514.3 shall comply with 511.7. 

514.8 Underground Wiring. Underground wiring shall be 
installed in threaded rigid metal conduit or threaded steel 
intermediate metal conduit. Any portion of electrical wiring 
that is below the surface of a Class I, Division 1, or a Class 
I, Division 2, location [as classified in Table 514.3(B)(1) 
and Table 514.3(B)(2)] shall be sealed within 3.05 m (10 ft) 
of the point of emergence above grade. Except for listed 
explosionproof reducers at the conduit seal, there shall be 
no union, coupling, box, or fitting between the conduit seal 
and the point of emergence above grade. Refer to Table 
300.5. 

Exception No. 1: Type MI cable shall be permitted where 
it is installed in accordance with Article 332. 

Exception No. 2: Type PVC conduit and Type RTRC con¬ 
duit shall be permitted where buried under not less than 
600 mm (2 ft) of cover. Where Type PVC conduit or Type 
RTRC conduit is used, threaded rigid metal conduit or 
threaded steel intermediate metal conduit shall be used for 
the last 600 mm (2 ft) of the underground run to emergence 
or to the point of connection to the aboveground raceway, 
and an equipment grounding conductor shall be included to 
provide electrical continuity of the raceway system and for 
grounding of non-current-carrying metal parts. 
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514.9 Sealing. 

(A) At Dispenser. A listed seal shall be provided in each 
conduit run entering or leaving a dispenser or any cavities 
or enclosures in direct communication therewith. The seal¬ 
ing fitting shall be the first fitting after the conduit emerges 
from the earth or concrete. 


including power, communications, data, and video circuits 
and including feedback, during periods of maintenance and 
service of the dispensing equipment. The location of this 
means shall be permitted to be other than inside or adjacent 
to the dispensing device. The means shall be capable of 
being locked in the open position in accordance with 
110.25. [ROP 14-241] 


(B) At Boundary. Additional seals shall be provided in 
accordance with 501.15. Sections 501.15(A)(4) and (B)(2) 
shall apply to horizontal as well as to vertical boundaries of 
the defined Class I locations. 

514.11 Circuit Disconnects. 


514.16 Grounding and Bonding. All metal raceways, the 
metal armor or metallic sheath on cables, and all non- 
current-carrying metal parts of fixed and portable electrical 
equipment, regardless of voltage, shall be grounded and 
bonded. Grounding and bonding in Class I locations shall 
comply with 501.30. 


(A) General. Each circuit leading to or through dispensing 
equipment, including all associated power, communica¬ 
tions, data, and video circuits, and equipment for remote 
pumping systems, shall be provided with a clearly identi¬ 
fied and readily accessible switch or other approved means, 
located remote from the dispensing devices, to disconnect 
simultaneously from the source of supply, all conductors of 
the circuits, including the grounded conductor, if any. 

Single-pole breakers utilizing handle ties shall not be 
permitted. 

(B) Attended Self-Service Motor Fuel Dispensing Fa¬ 
cilities. Emergency controls as specified in 514.11(A) shall 
be installed at a location acceptable to the authorijjfeihftying 
jurisdiction, but controls shall not be more 
(100 ft) from dispensers. [30A:6.7.1] 


(C) Unattended Self-Service Motor Fuel Di: 
cilities. Emergency controls as specked in 514.11(A) shall 
be installed at a location acceptable to theauthority having 
jurisdiction, but the control shall he more than 6 m (20 ft) 
but less than 30 m (100 ft) from the dispensers. Additional 
emergency controls shall be installed on each group of dis¬ 
pensers or the outdoor equipment usai to control the dis¬ 
pensers. Emergency controls shall shut off,all power to all 
dispensing equipment at the station. Controls shall be 
manually reset only in a manner approved by the authority 
having jurisdiction. [30A:6.7.2] 

Informational Note: For additional information, see 6.7.1 
and 6.7.2 of NFPA 30A-2008, Code for Motor Fuel Dis¬ 
pensing Facilities and Repair Garages. 

514.13 Provisions for Maintenance and Service of Dis¬ 
pensing Equipment. Each dispensing device shall be pro¬ 
vided with a means to remove all external voltage sources, 




TICLE 515 
orage Plants 


ormational Note: Text that is followed by a reference in 
brackgtyhas been extracted from NFPA 30-2008, Flam- 
inuble and Combustible Liquids Code. Only editorial 
changesftere made to the extracted text to make it consis- 
pt with this Code. 

515.1 Scope. This article covers a property or portion of a 
operty where flammable liquids are received by tank ves- 
, pipelines, tank car, or tank vehicle and are stored or 
ded in bulk for the purpose of distributing such liquids 
>y tank vessel, pipeline, tank car, tank vehicle, portable 
tank, or container. 

[ROP 14-241a] 


515.3 Class I Locations. Table 515.3 shall be applied 
where Class I liquids are stored, handled, or dispensed and 
shall be used to delineate and classify bulk storage plants. 
The class location shall not extend beyond a floor, wall, 
roof, or other solid partition that has no communicating 
openings. [30:8.1, 8.2.2] 

Informational Note No. 1: The area classifications listed in 
Table 515.3 are based on the premise that the installation 
meets the applicable requirements of NFPA 30-2008, Flam¬ 
mable and Combustible Liquids Code, Chapter 5, in all 
respects. Should this not be the case, the authority having 
jurisdiction has the authority to classify the extent of the 
classified space. 

Informational Note No. 2: See_for gasoline dispens¬ 

ing stations in marinas and boatyards. 


70-456 


NATIONAL ELECTRICAL CODE 2014 Edition 




ARTICLE 515 — BULK STORAGE PLANTS 


515.3 


Table 515.3 Electrical Area Classifications 



NEC Class I 



Location 

Division 

Zone 

Extent of Classified Area 


Indoor equipment installed in accordance with 

Section 5.3 of NFPA 30 where flammable 
vapor-air mixtures can exist under normal 

1 

0 

The entire area associated with such equipment 
where flammable gases or vapors are present 
continuously or for long periods of time 

operation 

1 

1 

Area within 1.5 m (5 ft) of any edge of such 
equipment, extending in all directions 


2 

2 

Area between 1.5 m and 2.5 m (5 ft and 8 ft) 
of any edge of such equipment, extending in 
all directions; also, space up to 900 mm (3 ft) 
above floor or grade level within 1.5 m to 7.5 
m (5 ft to 25 ft) horizontally from any edge of 
such equipment 1 


Outdoor equipment of the type covered in Section 1 

5.3 of NFPA 30 where flammable vapor-air 
mixtures may exist under normal operation 

1 


Tank storage installations inside buildings 


Tank - aboveground 


Shell, ends, or roof and dike area 


Vent 


Floating roof with fixed outer roof 



The entire area associated with such equipment 
vhere flammable gases or vapors are present 
continuously or for long periods of time 
^Area within 900 mm (3 ft) of any edge of such 
juipment, extending in all directions 

between 900 mm (3 ft) and 2.5 m (8 ft) 
ol'anyvedge of such equipment, extending in 
all directions; also, space up to 900 mm (3 ft) 
above floor or grade level within 900 mm to 
3.0 m (3 ft to 10 ft) horizontally from any 
edge of such equipment 

All equipment located below grade level 
Any equipment located at or above grade level 

Inside fixed roof tank 

Area inside dike where dike height is greater 
than the distance from the tank to the dike for 
more than 50 percent of the tank circumference 
Within 3.0 m (10 ft) from shell, ends, or roof 
of tank; also, area inside dike to level of top of 
dike wall 

Area inside of vent piping or opening 

Within 1.5 m (5 ft) of open end of vent, 

extending in all directions 

Area between 1.5 m and 3.0 m (5 ft and 10 ft) 

from open end of vent, extending in all 

directions 

Area between the floating and fixed roof 
sections and within the shell 


Floating roof with no fixed outer roof 

1 

1 

Area above the floating roof and within the 
shell 

Underground tank fill opening 

1 

1 

Any pit, or space below grade level, if any part 
is within a Division 1 or 2, or Zone 1 or 2, 
classified location 


2 

2 

Up to 450 mm (18 in.) above grade level 
within a horizontal radius of 3.0 m (10 ft) from 
a loose fill connection, and within a horizontal 
radius of 1.5 m (5 ft) from a tight fill 
connection 

Vent - discharging upward 

1 

0 

Area inside of vent piping or opening 


1 

1 

Within 900 mm (3 ft) of open end of vent, 
extending in all directions 
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Table 515.3 Continued 


Location 

NEC Class I 
Division 

Zone 

Extent of Classified Area 


2 

2 

Area between 900 mm and 1.5 m (3 ft and 

5 ft) of open end of vent, extending in all 
directions 

Drum and container filling - outdoors or indoors 

1 

0 

Area inside the drum or container 


1 

1 

Within 900 mm (3 ft) of vent and fill openings, 
extending in all directions 


2 

2 

Area between 900 mm and 1.5 m (3 ft and 

5 ft) from vent or fill opening, extending in all 
directions; also, up to 450 mm (18 in.) above 
floor or grade level within a horizontal radius 
of 3.0 m (10 ft) front vent or fill opening 


Pumps, bleeders, withdrawal fittings 
Indoors 


Outdoors 


Pits and sumps 

Without mechanical ventilation 


With adequate mechanical ventilation 


Containing valves, fittings, or piping, and not 
within a Division 1 or 2, or Zone 1 oj 
classified location 



1.5 m (5 ft) of any edge of such 
, extending in all directions; also, up to 
gi (3 ft) above floor or grade level 
m (25 ft) horizontally from any 
edge of'such devices 

Within 900 Mai (3 ft) of any edge of such 
levices, extending in all directions. Also, up to 
450 mm (18 in.) above grade level within 3.0 
m (10 ft) horizontally from any edge of such 
devices 


Entire area within a pit or sump if any part is 
within a Division 1 or 2, or Zone 1 or 2, 
classified location 

Entire area within a pit or sump if any part is 
within a Division 1 or 2, or Zone 1 or 2, 
classified location 
Entire pit or sump 


Drainage ditches, separators, impounding basins 
Outdoors 

Indoors 

1 2 

2 

Area up to 450 mm (18 in.) above ditch, 
separator, or basin; also, area up to 450 mm 
(18 in.) above grade within 4.5 m (15 ft) 
horizontally from any edge 

Same classified area as pits 

Tank vehicle and tank car 2 loading through open 
dome 

1 

0 

Area inside of the tank 


1 

1 

Within 900 mm (3 ft) of edge of dome, 
extending in all directions 


2 

2 

Area between 900 mm and 4.5 m (3 ft and 

15 ft) from edge of dome, extending in all 
directions 

Loading through bottom connections with 

1 

0 

Area inside of the tank 

atmospheric venting 

1 

1 

Within 900 mm (3 ft) of point of venting to 
atmosphere, extending in all directions 


2 

2 

Area between 900 mm and 4.5 m (3 ft and 


15 ft) from point of venting to atmosphere, 
extending in all directions; also, up to 450 mm 
(18 in.) above grade within a horizontal radius 
of 3.0 m (10 ft) from point of loading 
connection 
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Table 515.3 Continued 


Location 


NEC Class I 

Division Zone Extent of Classified Area 


Office and rest rooms Unclassified If there is any opening to these rooms within 

the extent of an indoor classified location, the 
room shall be classified the same as if the wall, 
curb, or partition did not exist. 


Loading through closed dome with atmospheric 
venting 


Loading through closed dome with vapor control 


1 Within 900 mm (3 ft) of open end of vent, 
extending in all directions 

2 Area between 900 mm and 4.5 m (3 ft and 
15 ft) from open end of vent, extending in all 
directions; also, within 900 mm (3 ft) of edge 
of dome, extending in all directions 

2 Within 900 mm (3 ft) of point of connection of 

^^>oth fill and vapor lines extending in all 
directions 


Bottom loading with vapor control or any bottom 
unloading 


Storage and repair garage for tank vehicles 


Garages for other than tank vehicles 


Outdoor drum storage 
Inside rooms or storage lockers used for 
storage of Class I liquids 


Indoor warehousing where there 
liquid transfer 




Unclassified 


Within 900 mm (3 ft) of point of connections, 
pending in all directions; also up to 450 mm 
.) above grade within a horizontal radius 
0 m (10 ft) from point of connections 

All pits or spaces below floor level 
Area up to 450 mm (18 in.) above floor or 
grade level for entire storage or repair garage 
If there is any opening to these rooms within 
the extent of an outdoor classified location, the 
entire room shall be classified the same as the 
area classification at the point of the opening. 


Entire room 


If there is any opening to these rooms within 
the extent of an indoor classified location, the 
room shall be classified the same as if the wall, 
curb, or partition did not exist. 


See Figure 515.3. 


Piers and wharves 

'The release of Class I liquids may ; 
a Class I, Division 2 or Zone 2 location.'’ 

2 When classifying extent of area, consideration shall be given to fact that tank cars or tank vehicles may be spotted at varying points. Therefore, 
the extremities of the loading or unloading positions shall be used. [30: Table 8.2.2] 


apors to the extent that the entire building, and possibly an area surrounding it, should be considered 


515.4 Wiring and Equipment Located in Class I Loca¬ 
tions. All electrical wiring and equipment within the Class 
I locations defined in 515.3 shall comply with the appli¬ 
cable provisions of Article 501 or Article 505 for the divi¬ 
sion or zone in which they are used. 

Exception: As permitted in 515.8. 

515.7 Wiring and Equipment Above Class I Locations. 

(A) Fixed Wiring. All fixed wiring above Class 1 locations 
shall be in metal raceways, Schedule 80 PVC conduit, Type 
RTRC marked with the suffix -XW, or Type Ml, Type TC, 
or Type MC cable, or Type PLTC and Type PLTC-ER cable 


in accordance with the provisions of Article 725, including 
installation in cable tray systems or Type ITC and Type 
ITC-ER cable as permitted in 727.4. The cable shall be 
terminated with listed fittings. 

(B) Fixed Equipment. Fixed equipment that may produce 
arcs, sparks, or particles of hot metal, such as lamps and 
lampholders for fixed lighting, cutouts, switches, recep¬ 
tacles, motors, or other equipment having make-and-break 
or sliding contacts, shall be of the totally enclosed type or 
be constructed so as to prevent the escape of sparks or hot 
metal particles. 
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Division 1 /X/ 

Division 2 



Notes: 

(1) The "source of vapor" shall be the operating envelope and stored position of the< 
outboard flange connection of the loading arm (or hose). 

(2) The berth area adjacent to tanker and barge cargo tanks is to be Division 2 to the 
following extent: 

a. 7.6 m (25 ft) horizontally in all directions on the pier side from t hat 
portion of the hull containing cargo tanks 

b. From the water level to 7.6 m (25 ft) above the cargo tankj 
highest position 

(3) Additional locations may have to be classified as required byj ther 

sources of flammable liquids on the berth, by Coast Guard, or otl 


Figure 515.3 Marine Terminal Handlin 



iquids. [30:Figure 7.7.16] 


(C) Portable Luminaires or Other Utilization Equip¬ 
ment. Portable luminaires or other utilization equipment 
and their flexible cords shall comply with the provisions of 
Article 501 or Article 505 for the clasSfM location above 
which they are connected or used. 


cable level to the point of connection to the aboveground 
raceway. 

(B) Insulation. Conductor insulation shall comply with 
501.20. 


515.8 Underground Wiring. 

(A) Wiring Method. Underground wiring shall be in¬ 
stalled in threaded rigid metal conduit or threaded steel 
intermediate metal conduit or, where buried under not less 
than 600 mm (2 ft) of cover, shall be permitted in Type 
PVC conduit. Type RTRC conduit, or a listed cable. Where 
Type PVC conduit or Type RTRC conduit is used, threaded 
rigid metal conduit or threaded steel intermediate metal 
conduit shall be used for not less than the last 600 mm 
(2 ft) of the conduit run to the conduit point of emergence 
from the underground location or to the point of connection 
to an aboveground raceway. Where cable is used, it shall be 
enclosed in threaded rigid metal conduit or threaded steel 
intermediate metal conduit from the point of lowest buried 


(C) Nonmetallic Wiring. Where Type PVC conduit. Type 
RTRC conduit, or cable with a nonmetallic sheath is used, 
an equipment grounding conductor shall be included to pro¬ 
vide for electrical continuity of the raceway system and for 
grounding of non-current-carrying metal parts. 

515.9 Sealing. Sealing requirements shall apply to hori¬ 
zontal as well as to vertical boundaries of the defined Class 
1 locations. Buried raceways and cables under defined Class 
1 locations shall be considered to be within a Class I, Divi¬ 
sion 1 or Zone 1 location. 

515.10 Special Equipment — Gasoline Dispensers. 

Where gasoline or other volatile flammable liquids or liq¬ 
uefied flammable gases are dispensed at bulk stations, the 
applicable provisions of Article 514 shall apply. 
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516.3 


515.16 Grounding and Bonding. All metal raceways, the 
metal armor or metallic sheath on cables, and all non¬ 
current-carrying metal parts of fixed or portable electrical 
equipment, regardless of voltage, shall be grounded and 
bonded as provided in Article 250. 

Grounding and bonding in Class 1 locations shall com¬ 
ply with 501.30 for Class I, Division 1 and 2 locations and 
505.25 for Class I, Zone 0, 1, and 2 locations. 

Informational Note: For information on grounding for 
static protection, see 4.5.3.4 and 4.5.3.5 of NFPA 30-2008, 
Flammable and Combustible Liquids Code. 


ARTICLE 516 

Spray Application, Dipping, and Coating 
Processes 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 33-2007, Standard 
for Spray Application Using Flammable and Combustible 
Materials, or NFPA 34-2007, Standard for Dipping, Coat¬ 
ing, and Printing Processes Using Flammable or Comi 
tible Liquids. Only editorial changes were made to the' 
traded text to make it consistent with this Code. [Ri 
14-243] 


lar or frequei 
stible liquids, am 

iquids at tem- 



516.1 Scope. This article covers the 
application of flammable liquids, cm 
combustible powders by spray opera?? 
tion of flammable liquids, or comb ust? 
peratures above their Has] 
other means. 


Informational Note: For further information regarding 
safeguards for these processd^»ch as fijAjrotection, post¬ 
ing of warning signs, and maintenance, see NFPA 33-2007, 
Standard for Spray Application Using Flammable and 
Combustible Materials, and NFPA 34-2007, Standard for 
Dipping, Coating, and Printing Processes Using Flam¬ 
mable or Combustible Liquids. For additional information 
regarding ventilation, see NFPA 91-2010, Standard for Ex¬ 
haust Systems for Air Conveying of Vapors, Gases, Mists, 
and Noncombustible Particulate Solids. [ROP 14-243] 

516.2 Definitions. For the purpose of this article, the fol¬ 
lowing definitions shall apply. 

Spray Area. Normally, locations outside of buildings or 
localized operations within a larger room or space. Such are 
normally provided with some local vapor 
extraction/ventilation system. In automated operations, the 
area limits shall be the maximum area in the direct path of 
spray operations. In manual operations, the area limits shall 
be the maximum area of spray when aimed at 180 degrees 
to the application surface. 



Spray Booth. An enclosure or insert within a larger room 
used for spray/coating/dipping applications. A spray booth 
may be fully enclosed or have open front or face and may 
include separate conveyor entrance and exit. The spray 
booth is provided with a dedicated ventilation exhaust but 
may draw supply air from the larger room or have a dedi¬ 
cated air supply. 

Spray Room. A purposefully enclosed room built for 
spray/coating/dipping applications provided with dedicated 
ventilation supply and exhaust. Normally the room is con¬ 
figured to house the item to be painted, providing reason¬ 
able access around the item/process. Depending on the size 
of the item being painted, such rooms may actually be the 
entire building or the major portion thereof. 

516.3 Classification of Locations. Classification is based 
on dangerous quantities of flammable vapors, combustible 
mistsifesidub$Ddusts, or deposits. 

Class I, Division 1 or Class I, Zone 0 Locations. The 

ollowing spaces shall be considered Class I, Division 1, or 
, Zone 0, as applicable: 

he interior of any open or closed container of a flam- 
le liquid 

’nterior of any dip tank or coating tank 

Informational Note: For additional guidance and explana¬ 
tory diagrams, see 4.3.5 of NFPA 33-2007, Standard for 
Spray Application Using Flammable or Combustible Mate¬ 
rials, and Sections 4.2, 4.3, and 4.4 of NFPA 34-2007, 
Standard for Dipping, Coating, and Printing Processes Us¬ 
ing Flammable or Combustible Liquids. [ROP 14-243] 

(B) Class I or Class II, Division 1 Locations. The follow¬ 
ing spaces shall be considered Class I, Division 1, or Class 
I, Zone 1, or Class If, Division 1 locations, as applicable: 

(1) The interior of spray booths and rooms except as spe¬ 
cifically provided in 516.3(D). 

(2) The interior of exhaust ducts. 

(3) Any area in the direct path of spray operations. 

(4) For open dipping and coating operations, all space 
within a 1.5-m (5-ft) radial distance from the vapor 
sources extending from these surfaces to the floor. The 
vapor source shall be the liquid exposed in the process 
and the drainboard, and any dipped or coated object 
from which it is possible to measure vapor concentra¬ 
tions exceeding 25 percent of the lower flammable 
limit at a distance of 300 mm (1 ft), in any direction, 
from the object. 

(5) Sumps, pits, or belowgrade channels within 7.5 m 
(25 ft) horizontally of a vapor source. If the sump, pit, 
or channel extends beyond 7.5 m (25 ft) from the vapor 
source, it shall be provided with a vapor stop or it shall 
be classified as Class I, Division 1 for its entire length. 
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(6) All space in all directions outside of but within 900 mm 
(3 ft) of open containers, supply containers, spray gun 
cleaners, and solvent distillation units containing flam¬ 
mable liquids. 

(C) Class I or Class II, Division 2 Locations. The follow¬ 
ing spaces shall be considered Class I, Division 2, or Class 
I, Zone 2, or Class II, Division 2 as applicable. 

(1) Open Spraying. For open spraying, all space outside 
of but within 6 m (20 ft) horizontally and 3 m (10 ft) 
vertically of the Class I, Division 1 or Class I, Zone 1 
location as defined in 516.3(A), and not separated from it 
by partitions. See Figure 516.3(C)(1) . [33:6.5.1] 



6100 mm 
(20 ft) 


Top (plan) 


Roof 


3050 mm Spray area 
(10 ft) 



Class I, Division 1; Class I, Zone 1; 
or Class II, Division 1 

1 Class I, Division 2; Class I, Zone 2; 
or Class II, Division 2 


Figure 516.3(C)(1) Electrical Area Classification for Open 
Spray Areas. [33:Figure 6.5.1] 


(2) Closed-Top, Open-Face, and Open-Front Spraying. 

If spray application operations are conducted within a 
closed-top, open-face, or open-front booth or room, any 
electrical wiring or utilization equipment located outside of 
the booth or room but within the boundaries designated as 
Division 2 or Zone 2 in Figure 516.3(C)(2) shall be suitable 
for Class I, Division 2, Class I, Zone 2, or Class II, Divi¬ 
sion 2 locations, whichever is applicable. The Class I, Di¬ 
vision 2, Class I, Zone 2, or Class II, Division 2 locations 
shown in Figure 516.3(C)(2) shall extend from the edges of 


the open face or open front of the booth or room in accor¬ 
dance with the following: 


1525 mm (5 ft) radius 


915 mm .( 3 ft > radius 915 mm (3 ft) radius 



915 mm (3 ft) radius 


915 mm 
(3 ft) radius 

915 mm (3 ft) radius 

915 mm (3 ft) radius \ 


Open 

face 




Ccnveyor 

opening 


1525 mm 
(5 ft) radius 


915 mm (3 ft) radius 
5 mm (3 ft) radius 



Conveyor 
,,-'(opening 


3050 mm 
(10 ft) radius 


Figure 516.3(C)(2) Class I, Division 2, Class I, Zone 2, or 
Class II, Division 2 Locations Adjacent to a Closed Top, Open 
Face, or Open Front Spray Booth or Room. [33:Figures 
6.5.2(a) and 6.5.2(b)] 

(a) If the exhaust ventilation system is interlocked with 
the spray application equipment, the Division 2 or Zone 2 
location shall extend 1.5 m (5 ft) horizontally and 900 mm 
(3 ft) vertically from the open face or open front of the 
booth or room, as shown in Figure 516.3(C)(2), top. 

(b) If the exhaust ventilation system is not interlocked 
with the spray application equipment, the Division 2 or 
Zone 2 location shall extend 3 m (10 ft) horizontally and 
900 mm (3 ft) vertically from the open face or open front of 
the booth or room, as shown in Figure 516.3(C)(2), bottom. 

For the purposes of this subsection, interlocked shall 
mean that the spray application equipment cannot be oper¬ 
ated unless the exhaust ventilation system is operating and 
functioning properly and spray application is automatically 
stopped if the exhaust ventilation system fails. [33:6.5.2.2] 

(3) Open-Top Spraying. For spraying operations con¬ 
ducted within an open top spray booth, the space 900 mm 
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516.4 


(3 ft) vertically above the booth and within 900 mm (3 ft) 
of other booth openings shall be considered Class I, Divi¬ 
sion 2; Class I, Zone 2; or Class II, Division 2. [33:6.5.3] 

(4) Enclosed Booths and Rooms. For spraying operations 
confined to an enclosed spray booth or room, the space 
within 900 mm (3 ft) in all directions from any openings 
shall be considered Class I, Division 2; or Class I, Zone 2; 
or Class II, Division 2 as shown in Figure 516.3(C)(4) . 
[33:6.5.4] 

(5) Dip Tanks and Drain Boards — Surrounding Space. 

For dip tanks and drain boards, the 914-mm (3-ft) space 
surrounding the Class I, Division 1 or Class I, Zone 1 
location as defined in 516.3(A)(4) and as shown in Figure 
516.3(C)(5). [34:6.4.4] 


900 mm R 
(3 ft) 


. Extent of Class I or 
Class II, Division 2 area 


gal). In addition, the vapor concentration during operation 
and shutdown periods shall not exceed 25 percent of the 
lower flammable limit outside the Class I location specified 
in 516.3(B)(4). [34:6.4.4 Exception] 

(7) Open Containers. All space in all directions within 
600 mm (2 ft) of the Division 1 or Zone 1 area surrounding 
open containers, supply containers, spray gun cleaners, and 
solvent distillation units containing flammable liquids, as 
well as the area extending 1.5 m (5 ft) beyond the Division 
1 or Zone 1 area up to a height of 460 mm (18 in.) above 
the floor or grade level. [33:6.6.2] 

(D) Enclosed Coating and Dipping Operations. The 

space adjacent to an enclosed dipping or coating process or 
apparatus shallbe considered unclassified. [34:6.5.3] 




Exception: 
tions fn 
as Cl0s I. 

134:6.5.2/ 


e space within 900 mm (3 ft) in all direc- 
opening in the enclosures shall be classified 
vision 2 or Class I, Zone 2, as applicable. 


Elevation 


cent Locations. Adjacent locations that are cut 
ff from the defined Class I or Class II locations by tight 
itions without communicating openings, and within 
which flammable vapors or combustible powders are not 
likely to be released, shall be unclassified. 

nclassified Locations. Locations using drying, cur¬ 
ing, or fusion apparatus and provided with positive me¬ 
chanical ventilation adequate to prevent accumulation of 
flammable concentrations of vapors, and provided with ef¬ 
fective interlocks to de-energize all electrical equipment 
(other than equipment identified for Class I locations) in 
case the ventilating equipment is inoperative, shall be per¬ 
mitted to be unclassified where the authority having juris¬ 
diction so judges. 

Informational Note: For further information regarding 
safeguards, see NFPA 86-2011, Standard for Ovens and 
Furnaces. 

516.4 Wiring and Equipment in Class I Locations. 


Figure 516.3(C)(4) Class I, Division 2, Class I, Zone 2, or 
Class II, Division 2 Locations Adjacent to an Enclosed Spray 
Booth or Spray Room. [33:Figure 6.5.4] 

(6) Dip Tanks and Drain Boards — Space Above Floor. 

For dip tanks and drain boards, the space 900 mm (3 ft) 
above the floor and extending 6 m (20 ft) horizontally in all 
directions from the Class I, Division 1 or Class I, Zone 1 
location. 

Exception: This space shall not be required to be consid¬ 
ered a hazardous (classified) location where the vapor 
source area is 0.46 m 2 (5 ft 2 ) or less and where the contents 
of the open tank trough or container do not exceed 19 L (5 


(A) Wiring and Equipment — Vapors. All electrical wir¬ 
ing and equipment within the Class I location (containing 
vapor only — not residues) defined in 516.3 shall comply 
with the applicable provisions of Article 501 or Article 505, 
as applicable. 

(B) Wiring and Equipment — Vapors and Residues. 

Unless specifically listed for locations containing deposits 
of dangerous quantities of flammable or combustible va¬ 
pors, mists, residues, dusts, or deposits (as applicable), 
there shall be no electrical equipment in any spray area as 
herein defined whereon deposits of combustible residue 
may readily accumulate, except wiring in rigid metal con¬ 
duit, intermediate metal conduit, Type MI cable, or in metal 
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fAAJ Class I, Division 1 or Zone 0 
I I Class I, Division 1 or Zone 1 


k\\1 Class I, Division 2 or Zone 2 
Figure 516.3(C)(5) Electrical Area Classification for Open Processes Without ’ 


boxes or fittings containing no taps, splices, or terminal 
connections. [33:6.4.2] 


(C) Illumination. Illumination of readily ignitible areas 1 
through panels of glass or other transparent or translucent 
material shall be permitted only if it comp I i es^witbthe 
following: 

(1) Fixed lighting units are used as the sot] 
tion. 

(2) The panel effectively isolates the^tassJ 
the area in which the lighting 

(3) The lighting unit is identif 

(4) The panel is of a material oi^islB.rotected : 
age is unlikely. 

(5) The arrangement is such that normal accumulations of 
hazardous residue on the surface of the panel will not 
be raised to a dangerous temperature by radiation or 
conduction from the source of illumination. 




it or Ventilation. [34:Figure 6.4(a)] 


apparatus and its electrical connections are 
within the spray enclosure during spray opera- 


al equipment within 450 mm (18 in.) of the 
ified for Class I. Division 2 or Class I, Zone 2 

'ations. 

(c) All metallic parts of the drying apparatus are elec- 
•ally bonded and grounded. 

(d) Interlocks are provided to prevent the operation of 
spray equipment while drying apparatus is within the spray 
enclosure, to allow for a 3-minute purge of the enclosure 
before energizing the drying apparatus and to shut off dry¬ 
ing apparatus on failure of ventilation system. 

(E) Electrostatic Equipment. Electrostatic spraying or 
detearing equipment shall be installed and used only as 
provided in 516.10. 

Informational Note: For further information, see 

NFPA 33-2007, Standard for Spray Application Using 
Flammable or Combustible Materials. [ROP 14-243] 


(D) Portable Equipment. Portable electric luminaires or 
other utilization equipment shall not be used in a spray area 
during spray operations. 

Exception No. 1: Where portable electric luminaires are 
required for operations in spaces not readily illuminated by 
fixed lighting within the spraying area, they shall be of the 
type identified for Class I, Division 1 or Class 1, Zone 1 
locations where readily ignitible residues may be present. 
[33:6.9 Exception] 

Exception No. 2: Where portable electric drying appara¬ 
tus is used in spray booths and the following requirements 
are met: 


516.7 Wiring and Equipment Not Within Class I and II 
Locations. 

(A) Wiring. All fixed wiring above the Class I and II lo¬ 
cations shall be in metal raceways, Type PVC conduit. 
Type RTRC conduit, or electrical nonmetallic tubing; 
where cables are used, they shall be Type MI, Type TC, or 
Type MC cable. Cellular metal floor raceways shall only be 
permitted to supply ceiling outlets or as extensions to the 
area below the floor of a Class I or II location. Where 
cellular metal raceways, are used, they shall not have con¬ 
nections leading into or passing through the Class I or II 
location unless suitable seals are provided. 
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ARTICLE 516 — SPRAY APPLICATION, DIPPING, AND COATING PROCESSES 


516.10 


(B) Equipment. Equipment that may produce arcs, sparks, 
or particles of hot metal, such as lamps and lampholders for 
fixed lighting, cutouts, switches, receptacles, motors, or 
other equipment having make-and-break or sliding con¬ 
tacts, where installed above a Class I or II location or above 
a location where freshly finished goods are handled, shall 
be of the totally enclosed type or be constructed so as to 
prevent the escape of sparks or hot metal particles. 


a resistance of 1 megohm or less and (2) to prevent parts 
from swinging. 

(5) Automatic Controls. Electrostatic apparatus shall be 
equipped with automatic means that will rapidly de¬ 
energize the high-voltage elements under any of the follow¬ 
ing conditions: 

(1) Stoppage of ventilating fans or failure of ventilating 
equipment from any cause 


516.10 Special Equipment. 

(A) Fixed Electrostatic Equipment. This section shall ap¬ 
ply to any equipment using electrostatically charged ele¬ 
ments for the atomization, charging, and/or precipitation of 
hazardous materials for coatings on articles or for other 
similar purposes in which the charging or atomizing device 
is attached to a mechanical support or manipulator. This 
shall include robotic devices. This section shall not apply to 
devices that are held or manipulated by hand. Where robot 
or programming procedures involve manual manipulation 
of the robot arm while spraying with the high voltage on, 
the provisions of 516.10(B) shall apply. The installation of 
electrostatic spraying equipment shall comply with 
516.10(A)(1) through (A)(10). Spray equipment shall be 
listed. All automatic electrostatic equipment syste 
comply with 516.4(A)(1) through (A)(9). 


(1) Power and Control Equipment. Transformers, hr 
voltage supplies, control apparatus, aiuEal) oilier felectrii 
portions of the equipment shall be installed outside of thi 
Class I location as defined in 516.3 (W be of a type i 
fled for the location. 

Exception: High-voltage'jSMcls, et^irpdel^Mectrostatic 
atomizing heads, and their connections shall bWpermitted 
within the Class I location 

(2) Electrostatic Equipment. Electrodes and electrostatic 
atomizing heads shall be adequately supported in perma¬ 
nent locations and shall be effectively insulated from 
ground. Electrodes and electrostatic atomizing heads that 
are permanently attached to their bases, supports, recipro- 
cators, or robots shall be deemed to comply with this sec¬ 
tion. 

(3) High-Voltage Leads. High-voltage leads shall be prop¬ 
erly insulated and protected from mechanical damage or 
exposure to destructive chemicals. Any exposed element at 
high voltage shall be effectively and permanently supported 
on suitable insulators and shall be effectively guarded 
against accidental contact or grounding. 

(4) Support of Goods. Goods being coated using this pro¬ 
cess shall be supported on conveyors or hangers. The con¬ 
veyors or hangers shall be arranged (1) to ensure that the 
parts being coated are electrically connected to ground with 



(2) Stoppage of the conveyor carrying goods through the 
high-voltage field unless stoppage is required by the 
spray process 

(3) Occurrence of excessive current leakage at any point in 
the high-voltage system 

(4) De-energising the primary voltage input to the power 
supply 

(6) Grounding. All electrically conductive objects in the 
spraywea, except those objects required by the process to 

high voltage, x shall be adequately grounded. This re- 
jiremcnt shall apply to paint containers, wash cans, 
guards, ifiose connectors, brackets, and any other electri- 
callv-conductive objects or devices in the area. 

^national Note: For more information on grounding 
ding for static electricity purposes, see NFPA 33- 
fT Standard for Spray Application Using Flammable or 
'mbustible Materials ; NFPA 34-2007, Standard for Dip¬ 
ping, Coating, and Printing Processes Using Flammable or 
Combustible Liquids', and NFPA 77-2007, Recommended 
Practice on Static Electricity. [ROP 14-243] 

(7) Isolation. Safeguards such as adequate booths, fencing, 
railings, interlocks, or other means shall be placed about 
the equipment or incorporated therein so that they, either by 
their location, character, or both, ensure that a safe separa¬ 
tion of the process is maintained. 

(8) Signs. Signs shall be conspicuously posted to convey 
the following: 

(1) Designate the process zone as dangerous with regard to 
fire and accident 

(2) Identify the grounding requirements for all electrically 
conductive objects in the spray area 

(3) Restrict access to qualified personnel only 

(9) Insulators. All insulators shall be kept clean and dry. 

(10) Other Than Nonincendive Equipment. Spray equip¬ 
ment that cannot be classified as nonincendive shall comply 
with (A)(10)(a) and (A)(10)(b). 

(a) Conveyors or hangers shall be arranged so as to 
maintain a safe distance of at least twice the sparking dis¬ 
tance between goods being painted and electrodes, electro¬ 
static atomizing heads, or charged conductors. Warnings 
defining this safe distance shall be posted. [33:11.4.1] 
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(b) The equipment shall provide an automatic means 
of rapidly de-energizing the high-voltage elements in the 
event the distance between the goods being painted and the 
electrodes or electrostatic atomizing heads falls below that 
specified in (a). [33:11.3.8] 

(B) Electrostatic Hand-Spraying Equipment. This sec¬ 
tion shall apply to any equipment using electrostatically 
charged elements for the atomization, charging, and/or pre¬ 
cipitation of materials for coatings on articles, or for other 
similar purposes in which the atomizing device is hand¬ 
held or manipulated during the spraying operation. Electro¬ 
static hand-spraying equipment and devices used in con¬ 
nection with paint-spraying operations shall be of listed 
types and shall comply with 516.10(B)(1) through (B)(5). 

(1) General. The high-voltage circuits shall be designed so 

as not to produce a spark of sufficient intensity to ignite the 
most readily ignitible of those vapor-air mixtures likely to 
be encountered, or result in appreciable shock hazard upon 
coming in contact with a grounded object under all normal 
operating conditions. The electrostatically charged exposed 
elements of the handgun shall be capable of being ener¬ 
gized only by an actuator that also controls the coating 
material supply. . 

(2) Power Equipment. Transformers, power packs, con¬ 
trol apparatus, and all other electrical portions of the equip¬ 
ment shall be located outside of the Class I location or be 
identified for the location. 

Exception: The handgun itself and its connections to the 
power supply shall be permitted within the ClasM':J'jpcation. 

(3) Handle. The handle of the supying gun shall be elec¬ 
trically connected to ground by a metallic connectiorrand 
be constructed so that the operator in normal operating 
position is in intimate electrical contact with the grounded 
handle to prevent buildup of a static charge on the opera¬ 
tor’s body. Signs indicating the necess^jrfor grounding 
other persons entering the spray area shall be conspicuously 
posted. 

(4) Electrostatic Equipment. All electrically conductive 
objects in the spraying area shall be adequately grounded. 
This requirement shall apply to paint containers, wash cans, 
and any other electrical conductive objects or devices in the 
area. The equipment shall carry a prominent, permanently 
installed warning regarding the necessity for this grounding 
feature. 

Informational Note: For more information on grounding 
and bonding for static electricity purposes, see NFPA 33- 
2007, Standard for Spray Application Using Flammable or 
Combustible Materials', NFPA 34-2007, Standard for Dip¬ 
ping, Coating, and Printing Processes Using Flammable or 
Combustible Liquids', and NFPA 77-2007, Recommended 
Practice on Static Electricity. [ROP 14-243] 


(5) Support of Objects. Objects being painted shall be 
maintained in metallic contact with the conveyor or other 
grounded support. Hooks shall be regularly cleaned to en¬ 
sure adequate grounding of 1 megohm or less. Areas of 
contact shall be sharp points or knife edges where possible. 
Points of support of the object shall be concealed from 
random spray where feasible; and, where the objects being 
sprayed are supported from a conveyor, the point of attach¬ 
ment to the conveyor shall be located so as to not collect 
spray material during normal operation. [33: Chapter 12] 

(C) Powder Coating. This section shall apply to processes 
in which combustible dry powders are applied. The hazards 
associated with combustible dusts are present in such a 
process to a degree, depending on the chemical composi¬ 
tion of the materiah/ftarticle size, shape, and distribution. 

(1) Electrical Equipment and Sources of Ignition. Elec¬ 
trical equipment and other sources of ignition shall comply 
with the requirements of Article 502. Portable electric lu¬ 
minaires and other utilization equipment shall not be used 
within a Class II location during operation of the finishing 
processes. W^^e such luminaires or utilization equipment 
are used during cleaning or repairing operations, they shall 
be of a^pe identified for Class II, Division 1 locations, and 
all exposed metal parts shall be connected to an equipment 
groundint conductor. 

Exception: Where portable electric luminaires are re¬ 
quired for operations in spaces not readily illuminated by 
fixed lighting within the spraying area, they shall be of the 
£p)e listed for Class II, Division 1 locations where readily 
ignitible residues may be present. 

(2) Fixed Electrostatic Spraying Equipment. The provi¬ 
sions of 516.10(A) and 516.10(C)(1) shall apply to fixed 
electrostatic spraying equipment. 

(3) Electrostatic Hand-Spraying Equipment. The provi¬ 
sions of 516.10(B) and 516.10(C)(1) shall apply to electro¬ 
static hand-spraying equipment. 

(4) Electrostatic Fluidized Beds. Electrostatic fluidized 
beds and associated equipment shall be of identified types. 
The high-voltage circuits shall be designed such that any 
discharge produced when the charging electrodes of the bed 
are approached or contacted by a grounded object shall not 
be of sufficient intensity to ignite any powder-air mixture 
likely to be encountered or to result in an appreciable shock 
hazard. 

(a) Transformers, power packs, control apparatus, and 
all other electrical portions of the equipment shall be lo¬ 
cated outside the powder-coating area or shall otherwise 
comply with the requirements of 516.10(C)(1). 

Exception: The charging electrodes and their connections 
to the power supply shall be permitted within the powder- 
coating area. 
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(b) All electrically conductive objects within the 
powder-coating area shall be adequately grounded. The 
powder-coating equipment shall carry a prominent, perma¬ 
nently installed warning regarding the necessity for ground¬ 
ing these objects. 

Informational Note: For more information on grounding 
and bonding for static electricity purposes, see NFPA 33- 
2007, Standard for Spray Application Using Flammable or 
Combustible Materials', NFPA 34-2007, Standard for Dip¬ 
ping, Coating, and Printing Processes Using Flammable or 
Combustible Liquids', and NFPA 77-2007, Recommended 
Practice on Static Electricity. [ROP 14-243] 

(c) Objects being coated shall be maintained in elec¬ 
trical contact (less than 1 megohm) with the conveyor or 
other support in order to ensure proper grounding. Hangers 
shall be regularly cleaned to ensure effective electrical con¬ 
tact. Areas of electrical contact shall be sharp points or 
knife edges where possible. 

(d) The electrical equipment and compressed air sup¬ 
plies shall be interlocked with a ventilation system so that 
the equipment cannot be operated unless the ventilating 
fans are in operation. [33: Chapter 15] 

516.16 Grounding. All metal raceways, the metal armors 
or metallic sheath on cables, and all non-current-c; 
metal parts of fixed or portable electrical equipme 
gardless of voltage, shall be grounded and bonded. Grdl 
ing and bonding shall comply with 50L^te£02.30. 
505.25, as applicable. 


ARTI 
Health 


Informational Note: Text that isHollowed by a reference in 
brackets has been extracted from NFPA 99-2005, Standard 
for Health Care Facilities, and NFPA 101- 2009, Life Safety 
Code. Only editorial changes were made to the extracted 
text to make it consistent with this Code. 




517.2 Definitions. 

[ROP 15-3] 

Alternate Power Source. One or more generator sets, or 
battery systems where permitted, intended to provide power 
during the interruption of the normal electrical services or 
the public utility electrical service intended to provide 
power during interruption of service normally provided by 
the generating facilities on the premises. [ROP 15-3] 

Ambulatory Health Care Occupancy. A building or por¬ 
tion thereof used to provide services or treatment simulta¬ 
neously to four or more patients that provides, on an out¬ 
patient basis, one or more of the following: 

(1) Treatment for patients that renders the patients inca¬ 
pable of taking action for self-preservation under emer¬ 
gency conditions without assistance of others. 

(2) Anesthesia that renders the patients incapable of taking 
action for .self-preservation under emergency condi- 

e assistance of others. 

Emergency or urgent care for patients who, due to the 
nature of their injury or illness, are incapable of taking 
n for self-preservation under emergency condi- 
ons without the assistance of others. [101:3.3.168.1] 


tizing Location. Any area of a facility that has 
gnated to be used for the administration of any 
able or nonflammable inhalation anesthetic agent in 
the course of examination or treatment, including the use of 
such agents for relative analgesia. 

Battery-Powered Lighting Units. Individual unit equip¬ 
ment for backup illumination consisting of the following: 

(1) Rechargeable battery 

(2) Battery-charging means 

(3) Provisions for one or more lamps mounted on the 
equipment, or with terminals for remote lamps, or both 

(4) Relaying device arranged to energize the lamps auto¬ 
matically upon failure of the supply to the unit 
equipment 


I. General 

517.1 Scope. The provisions of this article shall apply to 
electrical construction and installation criteria in health care 
facilities that provide services to human beings. 

The requirements in Parts II and III not only apply to 
single-function buildings but are also intended to be indi¬ 
vidually applied to their respective forms of occupancy 
within a multifunction building (e.g., a doctor’s examining 
room located within a limited care facility would be re¬ 
quired to meet the provisions of 517.10). 

Informational Note: For information concerning perfor¬ 
mance, maintenance, and testing criteria, refer to the appro¬ 
priate health care facilities documents. 


Critical Branch. A system of feeders and branch circuits 
supplying power for illumination, fixed equipment, select 
receptacles, and power circuits, serving areas and functions 
related to patient care and that are connected to alternate 
power sources by one or more transfer switches during 
interruption of normal power source. [99:3.3.30] [ROP 
15-12] 

Electrical Life-Support Equipment. Electrically powered 
equipment whose continuous operation is necessary to 
maintain a patient’s life. [99:3.3.37] [ROP 15-13] 

Equipment Branch. A system of feeders and branch cir¬ 
cuits arranged for delayed, automatic, or manual connec¬ 
tion to the alternate power source and that serves primarily 
3-phase power equipment. [99:3.3.46], [ROP 15-14] 
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Essential Electrical System. A system comprised of alter¬ 
nate sources of power and all connected distribution sys¬ 
tems and ancillary equipment, designed to ensure continu¬ 
ity of electrical power to designated areas and functions of 
a health care facility during disruption of normal power 
sources, and also to minimize disruption within the internal 
wiring system. [99:3.3.44] 

[ROP 15-4] 

Exposed Conductive Surfaces. Those surfaces that are ca¬ 
pable of carrying electric current and that are unprotected, 
unenclosed, or unguarded, permitting personal contact. 
Paint, anodizing, and similar coatings are not considered 
suitable insulation, unless they are listed for such use. 
[ROP 15-4] 

Fault Hazard Current. See Hazard Current. 

Flammable Anesthetics. Gases or vapors, such as flurox- 
ene, cyclopropane, divinyl ether, ethyl chloride, ethyl ether, 
and ethylene, which may form flammable or explosive mix¬ 
tures with air, oxygen, or reducing gases such as nitrous 
oxide. 

Flammable Anesthetizing Location. Any area of the fa¬ 
cility that has been designated to be used for the admin is-^ 
tration of any flammable inhalation anesthetic agents in the 
normal course of examination or treatment. 

Hazard Current. For a given set of connections m ; 
isolated power system, the total current thagiwould flc 
through a low impedance if it were cor 
either isolated conductor and ground. 


Fault Hazard Current. The hazard current 
lated system with all devices ijoiftiected 
isolation monitor. 

Monitor Hazard Current. The h; 
isolation monitor alone. 



the line 


Total Hazard Current. The hazard current of a given iso¬ 
lated system with all devices, including the line isolation 
monitor, connected. 


Isolation Transformer. A transformer of the multiple¬ 
winding type, with the primary and secondary windings 
physically separated, which inductively couples its second¬ 
ary winding(s) to circuit conductors connected to its pri¬ 
mary winding(s). 

Life Safety Branch. A system of feeders and branch cir¬ 
cuits supplying power for lighting, receptacles, and equip¬ 
ment essential for life safety, and that are automatically 
connected to alternate power sources by one or more trans¬ 
fer switches during interruption of the normal power 
source. [99:3.3.94] [ROP 15-16] 

Limited Care Facility. A building or portion thereof used 
on a 24-hour basis for the housing of four or more persons 
who are incapable of self-preservation because of age; 
physical limitation due to accident or illness; or limitations 
such as mental retardation/developmental disability, mental 
illness, or chejnfcal dependency. [99:3.3.97] 

Line Isolation Monitor. A test instrument designed to con¬ 
tinually xheck the balanced and unbalanced impedance 
from each line of an isolated circuit to ground and equipped 
with a built-in test circuit to exercise the alarm without 
adding to the leakage current hazard. 

rd Current. See Hazard Current. 

ions. Areas intended to provide a center of 
activity for a group of nurses serving bed patients, 
ere the patient calls are received, nurses are dispatched, 
ses’ notes written, inpatient charts prepared, and medi¬ 
ations prepared for distribution to patients. Where such 
activities are carried on in more than one location within a 
nursing unit, all such separate areas are considered a part of 
the nurses’ station. 

Nursing Home. A building or portion of a building used on 
a 24-hour basis for the housing and nursing care of four or 
more persons who, because of mental or physical incapac¬ 
ity, might be unable to provide for their own needs and 
safety without the assistance of another person. 
[99:3.3.129] 


Health Care Facilities. Buildings or portions of buildings 
in which medical, dental, psychiatric, nursing, obstetrical, 
or surgical care are provided. Health care facilities include, 
but are not limited to, hospitals, nursing homes, limited 
care facilities, clinics, medical and dental offices, and am¬ 
bulatory care centers, whether permanent or movable. 

Hospital. A building or portion thereof used on a 24-hour 
basis for the medical, psychiatric, obstetrical, or surgical 
care of four or more inpatients. [707:3.3.124] 

Isolated Power System. A system comprising an isolating 
transformer or its equivalent, a line isolation monitor, and 
its ungrounded circuit conductors. 


Patient Bed Location. The location of a patient sleeping 
bed, or the bed or procedure table of a critical care area. 
[99:3.3.137] 

Patient Care Space. Any space of a health care facility 
wherein patients are intended to be examined or treated. 

[ROP 15-19] 

Basic Care Space. Space in which failure of equipment or 
a system is not likely to cause injury to the patients or 
caregivers but may cause patient discomfort. [ROP 15-19] 

General Care Space. Space in which failure of equipment 
or a system is likely to cause minor injury to patients or 
caregivers. [ROP 15-19] 
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Critical Care Space. Space in which failure of equipment 
or a system is likely to cause major injury or death to 
patients or caregivers. [ROP 15-19] 

Support Space. Space in which failure of equipment or a 
system is not likely to have a physical impact on patients or 
caregivers. [ROP 15-19] 


concentrations of nitrous oxide insufficient to produce loss 
of consciousness (conscious sedation). 

Selected Receptacles. A minimum number of electrical re¬ 
ceptacles to accommodate appliances ordinarily required 
for local tasks or likely to be used in patient care emergen¬ 
cies. 


Informational Note No. 1: The governing body of the fa¬ 
cility designates patient care spaces in accordance with the 
type of patient care anticipated and with the definitions of 
the area classification. Business offices, corridors, lounges, 
day rooms, dining rooms, or similar areas typically are not 
classified as patient care rooms. [ROP 15-19] 


Task Illumination. Provision for the minimum lighting re¬ 
quired to carry out necessary tasks in the described areas, 
including safe access to supplies and equipment, and access 
to exits. [ROP 15-23] 


Informational Note No. 2: General care spaces may in¬ 
clude areas such as patient bedrooms, examining rooms, 
treatment rooms, clinics, and similar areas in where the 
patient may come in contact with electromedical devices or 
ordinary appliances such as a nurse call system, electric 
beds, examining lamps, telephones, and entertainment de¬ 
vices. [ROP 15-19] 

Informational Note No. 3: Critical care space may include 
special care units, intensive care units, coronary care units, 
angiography laboratories, cardiac catheterization laborato¬ 
ries, delivery rooms, operating rooms, and similar areas in 
which patients are intended to be subjected to invasive pro¬ 
cedures and connected to line-operated, electromedical de¬ 
vices. [ROP 15-19] 

Informational Note No. 4: Spaces within a patient 
room where a procedure is performed that subjects patie 
or staff to wet conditions may be considered as we t proo 
dure areas. These include standing fluids fin the floor or' 
drenching of the work area. Routine housekeeping proce¬ 
dures and incidental spillage of liquids do not define wet 
procedure areas. It is the responsibility Tof the governin; 
body of the health care facility to designate the wet proce 
dure areas. [99:1.3.4.3] [ROP 15-19] 

Patient Care Vicinity. A sj®ce, within a location intended 
for the examination and treatment of patients, extending 1.8 
m (6 ft) beyond the normal location of the patient bed, 
chair, table, treadmill, or other device that supports the pa¬ 
tient during examination and treatment and extending ver¬ 
tically to 2.3 m (7 ft 6 in) above the floor. [99:3.3.139] 
[ROP 15-21] 



Wet Procedure Location. The area in a patient care space 
where a procedure is performed that is normally subject to 
wet conditions while patients are present, including stand¬ 
ing fluids on the floor or drenching of the work area, either 
of which condition is intimate to the patient or staff. [ROP 
15-24] 

ormational Note: Routine housekeeping procedures and 
cidental spillage of liquids do not define a wet procedure 
location. [ROP 15-24] 

azard Current. See Hazard Current. 

Installations, Long-Time Rating. A rating based 
erating interval of 5 minutes or longer. 

Installations, Mobile. X-ray equipment mounted 
on a permanent base with wheels, casters, or a combination 
of both to facilitate moving the equipment while com¬ 
pletely assembled. 

X-Ray Installations, Momentary Rating. A rating based 
on an operating interval that does not exceed 5 seconds. 

X-Ray Installations, Portable. X-ray equipment designed 
to be hand carried. 

X-Ray Installations, Transportable. X-ray equipment to 
be conveyed by a vehicle or that is readily disassembled for 
transport by a vehicle. 


Patient Equipment Grounding Point. A jack or terminal 
that serves as the collection point for redundant grounding 
of electrical appliances serving a patient care vicinity or for 
grounding other items in order to eliminate electromagnetic 
interference problems. [99:3.3.141] 

Psychiatric Hospital. A building used exclusively for the 
psychiatric care, on a 24-hour basis, of four or more inpa¬ 
tients. 

Reference Grounding Point. The ground bus of the pan¬ 
elboard or isolated power system panel supplying the pa¬ 
tient care area. 

Relative Analgesia. A state of sedation and partial block of 
pain perception produced in a patient by the inhalation of 


II. Wiring and Protection 

517.10 Applicability. 

(A) Applicability. Part II shall apply to patient care spaces 

of all health care facilities. [ROP 15-26] 

(B) Not Covered. Part II shall not apply to the following: 

(1) Business offices, corridors, waiting rooms, and the like 
in clinics, medical and dental offices, and outpatient 
facilities 

(2) Areas of nursing homes and limited care facilities 
wired in accordance with Chapters 1 through 4 of this 
Code where these areas are used exclusively as patient 
sleeping rooms 
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Informational Note: See NFPA 101- 2009, Life Safety 
Code®. 

517.11 General Installation — Construction Criteria. 

The purpose of this article is to specify the installation 
criteria and wiring methods that minimize electrical haz¬ 
ards by the maintenance of adequately low potential differ¬ 
ences only between exposed conductive surfaces that are 
likely to become energized and could be contacted by a 
patient. 

Informational Note: In a health care facility, it is difficult 
to prevent the occurrence of a conductive or capacitive path 
from the patient’s body to some grounded object, because 
that path may be established accidentally or through instru¬ 
mentation directly connected to the patient. Other electri¬ 
cally conductive surfaces that may make an additional con¬ 
tact with the patient, or instruments that may be connected 
to the patient, then become possible sources of electric cur¬ 
rents that can traverse the patient’s body. The hazard is 
increased as more apparatus is associated with the patient, 
and, therefore, more intensive precautions are needed. Con¬ 
trol of electric shock hazard requires the limitation of elec¬ 
tric current that might flow in an electrical circuit involving 
the patient’s body by raising the resistance of the conduc¬ 
tive circuit that includes the patient, or by insulating ex¬ 
posed surfaces that might become energized, in addition to 
reducing the potential difference that can appear between 
exposed conductive surfaces in the patient care vicinity, or 
by combinations of these methods. A special problem is 
presented by the patient with an externalized direct conduc¬ 
tive path to the heart muscle. The patient may 
cuted at current levels so low that additional 
the design of appliances, insulation of the 
control of medical practice is required. 

517.12 Wiring Methods. Except as modified' 
tide, wiring methods shall comply Mth the i 
visions of Chapters 1 through # of this Code .^ 

517.13 Grounding of Receptacles and Fixed Electrical 
Equipment in Patient Care Areas. Wiring inpatient care 
areas shall comply with 517.13(A) and 

(A) Wiring Methods. All branch circuits serving patient 
care areas shall be provided with an effective ground-fault 
current path by installation in a metal raceway system, or a 
cable having a metallic armor or sheath assembly. The 
metal raceway system, or metallic cable armor, or sheath 
assembly shall itself qualify as an equipment grounding 
conductor in accordance with 250.118. 

(B) Insulated Equipment Grounding Conductor. 

(1) General. The following shall be directly connected to 
an insulated copper equipment grounding conductor that is 
installed with the branch circuit conductors in the wiring 
methods as provided in 517.13(A). 

(1) The grounding terminals of all receptacles. 

(2) Metal boxes and enclosures containing receptacles. 


(3) All non-current-carrying conductive surfaces of fixed 
electrical equipment likely to become energized that 
are subject to personal contact, operating at over 100 
volts. 

Exception: An insulated equipment bonding jumper that 
directly connects to the equipment grounding conductor is 
permitted to connect the box and receptacle(s) to the equip¬ 
ment grounding conductor. 

Exception No. 1 to (3): Metal faceplates shall be permitted 
to be connected to the equipment grounding conductor by 
means of a metal mounting screw(s) securing the faceplate 
to a grounded outlet box or grounded wiring device. 

Exception No. 2 to (3): Luminaires more than 2.3 m (7V2ft) 
above the floor and switches located outside of the patient 
care vicinity shalL be permitted to be connected to an 
equipment grounding return path complying with 
517.13(A). 


ounding conductors and equip- 
be sized in accordance with 


(2) Sizing. Equipmerl 
ment bonding jumpers 
250.122. 



517.14 Panelboard Bonding. The equipment grounding 
..terminal buses of the normal and essential branch-circuit 
loards* serving the same individual patient care vicin- 
annected together with an insulated continuous 
pper conductor not smaller than 10 AWG. Where two or 
panelboards serving the same individual patient care 
vicinity are served from separate transfer switches on the 
sential electrical system, the equipment grounding termi- 
buses of those panelboards shall be connected together 
with an insulated continuous copper conductor not smaller 
than 10 AWG. This conductor shall be permitted to be 
broken in order to terminate on the equipment grounding 
terminal bus in each panelboard. [ROP 15-29] 

517.16 Receptacles with Insulated Grounding Termi¬ 
nals. Receptacles with insulated grounding terminals, as 
described in 250.146(D), shall not be permitted. 

517.17 Ground-Fault Protection. 

(A) Applicability. The requirements of 517.17 shall apply 
to hospitals and other buildings (including multiple- 
occupancy buildings) with critical care spaces or utilizing 
electrical life support equipment, and buildings that provide 
the required essential utilities or services for the operation 
of critical care spaces or electrical-life support equipment. 
[ROP 15-33] 

(B) Feeders. Where ground-fault protection is provided 
for operation of the service disconnecting means or feeder 
disconnecting means as specified by 230.95 or 215.10, an 
additional step of ground-fault protection shall be provided 
in all next level feeder disconnecting means downstream 
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toward the load. Such protection shall consist of overcur¬ 
rent devices and current transformers or other equivalent 
protective equipment that shall cause the feeder disconnect¬ 
ing means to open. 

The additional levels of ground-fault protection shall 
not be installed on the load side of an essential electrical 
system transfer switch. 


tacles. They shall be permitted to be of the single, duplex, 
or quadruplex type, or any combination of the three. All 
receptacles shall be listed “hospital grade” and shall be so 
identified. The grounding terminal of each receptacle shall 
be connected to an insulated copper equipment grounding 
conductor sized in accordance with Table 250.122. [ROP 
15-35, ROP 15-36] 


(C) Selectivity. Ground-fault protection for operation of 
the service and feeder disconnecting means shall be fully 
selective such that the feeder device, but not the service 
device, shall open on ground faults on the load side of the 
feeder device. Separation of ground-fault protection time- 
current characteristics shall conform to manufacturer’s rec¬ 
ommendations and shall consider all required tolerances 
and disconnect operating time to achieve 100 percent selec¬ 
tivity. 

Informational Note: See 230.95, informational note, for 
transfer of alternate source where ground-fault protection is 
applied. [ROP 15-32] 

(D) Testing. When equipment ground-fault protection is 
first installed, each level shall be performance tested to 
ensure compliance with 517.17(C). 

517.18 General Care Areas. 

(A) Patient Bed Location. Each patient bed location 
be supplied by at least two branch circmMljnE, from 
critical branch and one from the norma 
circuits from the normal system shall originate in the sami 
panelboard. The electrical receptaclesrir the cover plate 
the electrical receptacles supphet^rom the critical branch 
shall have a distinctive color or marking so as to be readily 
identifiable and shall also indicate the panelboard and 
branch circuit number supplying them. [ROP 15-34] 

Branch circuits serving*»tient bed locations shall not 
be part of a multi-wire branch circuit. [ROP 15-34] 

Exception No. 1: Branch circuits§0{’ing only special pur¬ 
pose outlets or receptacles, such as portable X-ray outlets, 
shall not be required to be served from the same distribu¬ 
tion panel or panels. 

Exception No. 2: Requirements of 517.18(A) shall not ap¬ 
ply to patient bed locations in clinics, medical and dental 
offices, and outpatient facilities; psychiatric, substance 
abuse, and rehabilitation hospitals; sleeping rooms of nurs¬ 
ing homes and limited care facilities meeting the require¬ 
ments of 517.10(B)(2). 



Exception No. 1: The requirements of 517.18(B) shall not 
apply to psychiatric, substance abuse, and rehabilitation 
hospitals meeting the requirements of 517.10(B)(2). 

Exception No. 2; Psychiatric security rooms shall not be 
required to have receptacle outlets installed in the room. 

Informational Note: It is not intended that there be a total, 
immediate replacement of existing non-hospital grade re¬ 
ceptacles/ Itns intended, however, that non-hospital grade 
receptacles be replaced with hospital grade receptacles 
upon modification of use, renovation, or as existing recep¬ 
tacles need replacement. 

Pediatric Locations. Receptacles located within the 
rooms, bathrooms, playrooms, activity rooms, and patient 
re areas of designated pediatric locations shall be listed 
ie r resistant or shall employ a listed tamper-resistant 
co\ 

Critical Care Areas. 

(A) Patient Bed Location Branch Circuits. Each patient 
bed location shall be supplied by at least two branch cir¬ 
cuits, one or more from the critical branch and one or more 
circuits from the normal system. At least one branch circuit 
from the critical branch shall supply an outlet(s) only at that 
bed location. All branch circuits from the normal system 
shall be from a single panelboard. Critical branch recep¬ 
tacles shall be identified and shall also indicate the panel- 
board and circuit number supplying them. The branch cir¬ 
cuit serving patient bed locations shall not be part of a 
multi-wire branch circuit. [ROP 15-38] 

Exception No. 1: Branch circuits sending only special- 
purpose receptacles or equipment in critical care spaces 
shall be permitted to be served by other panelboards. 

[ROP 15-38] 

Exception No. 2: Critical care spaces served from two 
separate transfer switches on the emergency system shall 
not be required to have circuits from the normal system. 

[ROP 15-38] 


Exception No. 3: A general care patient bed location 
served from two separate transfer switches on the critical 
branch shall not be required to have circuits from the nor¬ 
mal system. [ROP 15-34] 

(B) Patient Bed Location Receptacles. Each patient bed 
location shall be provided with a minimum of eight recep¬ 


(B) Patient Bed Location Receptacles. 

(1) Minimum Number and Supply. Each patient bed lo¬ 
cation shall be provided with a minimum of fourteen recep¬ 
tacles, at least one of which shall be connected to either of 
the following: [ROP 15-39] 
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(1) The normal system branch circuit required in 
517.19(A) 

(2) A critical branch circuit supplied by a different transfer 
switch than the other receptacles at the same patient 
bed location [ROP 15-39] 

(2) Receptacle Requirements. The receptacles required in 
517.19(B)(1) shall be permitted to be single, duplex, or 
quadruplex type or any combination thereof. All receptacles 
shall be listed “hospital grade” and shall be so identified. 
The grounding terminal of each receptacle shall be con¬ 
nected to the reference grounding point by means of an 
insulated copper equipment grounding conductor. 


ment, such as panelboards, switchboards, and switchgear, 
shall be ensured by one of the following bonding means at 
each termination or junction point of the metal raceway or 
Type MC or MI cable: [ROP 9-181a] 

(1) A grounding bushing and a continuous copper bonding 
jumper, sized in accordance with 250.122, with the 
bonding jumper connected to the junction enclosure or 
the ground bus of the panel 

(2) Connection of feeder raceways or Type MC or MI 
cable to threaded hubs or bosses on terminating enclo¬ 
sures 

(3) Other approved devices such as bonding-type locknuts 
or bushings 



(C) Operating Room Receptacles. [ROP 15-41] 

(1) Minimum Number and Supply. Each operating room 
shall be provided with a minimum of thirty six receptacles, 
at least twelve of which shall be connected to either of the 
following: 

(1) The normal system branch circuit required in 
517.19(A) 

(2) A critical branch circuit supplied by a different transfer 
switch than the other receptacles at the same location 

[ROP 15-41] 

(2) Receptacle Requirements. The receptacles required in 
517.19(C)(1) shall be permitted to be of the single or du 
plex types or a combination of both. [ROP 15- 

All receptacles, shall be listed “hospital grade anil $o 
identified. The grounding terminal of each 
be connected to the reference grounding poiril 
an insulated copper equipment grounding conductor. |ROP 
15-41] 

(D) Patient Care Vicinity Grounding and Bonding (Op¬ 
tional). A patient care vicinity shall be permitted to have a 
patient equipment grounding point. The patient equipment 
grounding point, where supplied, shall be permitted to con¬ 
tain one or more listed grounding and bonding jacks. An 
equipment bonding jumper not smaller than 10 AWG shall 
be used to connect the grounding terminal of all grounding- 
type receptacles to the patient equipment grounding point. 
The bonding conductor shall be permitted to be arranged 
centrically or looped as convenient. 

Informational Note: Where there is no patient equipment 
grounding point, it is important that the distance between 
the reference grounding point and the patient care vicinity 
be as short as possible to minimize any potential 
differences. 

(E) Equipment Grounding and Bonding. Where a 
grounded electrical distribution system is used and metal 
feeder raceway or Type MC or MI cable that qualifies as an 
equipment grounding conductor in accordance with 
250.118 is installed, grounding of enclosures and equip¬ 



(F) Additional Protective Techniques in Critical Care 
Spaces (Optional IMsBIated power systems shall be permit¬ 
ted to be used for critical care spaces, and, if used, the 
isolated power system equipment shall be listed as isolated 
power equipment. The isolated power system shall be de¬ 
signed and installed irK||g£ordance with 517.160. [ROP 
15- 

Exnsption: ''Wfie audible and visual indicators of the line 
isolation monitor shall be permitted to be located at the 
nursing station for the area being served. 

tedWower System Equipment Grounding. 

olated ungrounded power source is used and 
the first-fault current to a low magnitude, the equip- 
grounding conductor associated with the secondary 
uit shall be permitted to be run outside of the enclosure 
f the power conductors in the same circuit. 

Informational Note: Although it is permitted to run the 
grounding conductor outside of the conduit, it is safer to 
run it with the power conductors to provide better protec¬ 
tion in case of a second ground fault. 

(H) Special-Purpose Receptacle Grounding. The equip¬ 
ment grounding conductor for special-purpose receptacles, 
such as the operation of mobile X-ray equipment, shall be 
extended to the reference grounding points of branch cir¬ 
cuits for all locations likely to be served from such recep¬ 
tacles. Where such a circuit is served from an isolated un¬ 
grounded system, the grounding conductor shall not be 
required to be run with the power conductors; however, the 
equipment grounding terminal of the special-purpose recep¬ 
tacle shall be connected to the reference grounding point. 

517.20 Wet Procedure Locations. 

(A) Receptacles and Fixed Equipment. Wet procedure 
location patient care areas shall be provided with special 
protection against electric shock by one of the following 
means: 

(I) Power distribution system that inherently limits the 
possible ground-fault current due to a first fault to a 
low value, without interrupting the power supply 
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(2) Power distribution system in which the power supply is 
interrupted if the ground-fault current does, in fact, ex¬ 
ceed a value of 6 mA 

Exception: Branch circuits supplying only listed, fixed, 
therapeutic and diagnostic equipment shall be permitted to 
be supplied from a grounded service, single- or 3-phase 
system, provided that 


Informational Note No. 1: For performance, maintenance, 
and testing requirements of essential electrical systems in 
hospitals, see NFPA 99-2005, Standard for Health Care 
Facilities. For installation of centrifugal fire pumps, see 
NFPA 20-2010, Standard for the Installation of Stationary 
Fire Pumps for Fire Protection. 

Informational Note No. 2: For additional information, see 
NFPA 99-2005, Standard for Health Care Facilities. 


(a) Wiring for grounded and isolated circuits does not 
occupy the same raceway, and 

(b) All conductive surfaces of the equipment are con¬ 
nected to an insulated copper equipment grounding 
conductor. 

(B) Isolated Power Systems. Where an isolated power 
system is utilized, the isolated power equipment shall be 
listed as isolated power equipment, and the isolated power 
system shall be designed and installed in accordance with 
517.160. 

Informational Note: For requirements for installation of 
therapeutic pools and tubs, see Part VI of Article 680. 

517.21 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Ground-fault circuit-interrupter protection for 
personnel shall not be required for receptacles instq 
those critical care areas where the toilet and basin a 
stalled within the patient room. 



'lying a In’ 
h is consid- 
ation of 
ice is in- 


III. Essential Electrical System 

517.25 Scope. The essential electric 1 
cilities shall comprise a system capable 
ited amount of lighting and power service, 
ered essential for life safety and orderly 
procedures during the time, normal electrical 
terrupted for any reason. This includes clinics, medical and 
dental offices, outpatient fawlities, nursing homes, limited 
care facilities, hospitals, and other health care facilities 
serving patients. 

Informational Note: For information on the need for an 
essential electrical system, see NFPA 99-2005, Standard for 
Health Care Facilities. 

517.26 Application of Other Articles. The essential elec¬ 
trical system shall meet the requirements of Article 700, 
except as amended by Article 517. 

Informational Note: The provisions of NFPA 110-2010, 
Standard for Emergency and Standby Power Systems, 
should be considered when designing and installing essen¬ 
tial electrical power supply systems. 

517.30 Essential Electrical Systems for Hospitals. 

(A) Applicability. The requirements of Part III, 517.30 
through 517.35, shall apply to hospitals where an essential 
electrical system is required. 


(B) General. 

(1) Separate Branches. Essential electrical systems for 
hospitals shall be comprised of three separate branches ca¬ 
pable of supplying a limited amount of lighting and power 
service that is considered essential for life safety and effec¬ 
tive hospital operation during the time the normal electrical 
service is interrupted for any reason. The branches are: life 
safety, criticj^ and equipment. [ROP 15-52] 

(2) Transfer Switches. The number of transfer switches to 
be used shall be based on reliability, design, and load con- 

ierations. Each branch of the essential electrical system 
Shall hft%e one or more transfer switches. One transfer 
nd downstream distribution system shall be permit- 
serve one or more branches in a facility with a maxi¬ 
mum demand on the essential electrical system of 150 kVA. 
ROP 15-52] 


ormational Note No. 1: See NFPA 99-2005, Standard 
for Health Care Facilities: 4.4.3.2, Transfer Switch Opera¬ 
tion Type I; 4.4.2.1.4, Automatic Transfer Switch Features; 
and 4.4.2.1.6, Nonautomatic Transfer Device Features. 

Informational Note No. 2: See Informational Note Figure 
517.30, No. 1. 

Informational Note No. 3: See Informational Note Figure 
517.30, No. 2. 
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Alternate power 
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equipment 
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Equipment Life safety Critical 
branch branch branch 


Essential electrical system 


Informational Note Figure 517.30, No. 1 Hospital — Mini¬ 
mum Requirement (greater than 150 kVA) for Transfer 
Switch Arrangement. [ROP 15-32] 
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Normal power Alternate power 

source source 



Nonessential 

loads 


\°* 


Automatic 

switching 

equipment 


Equipment Life safety 

branch I branch 


cabinets of other circuits not part of the branch where such 
wiring complies with one of the following: 

(1) Is in transfer equipment enclosures 

(2) Is in exit or emergency luminaires supplied from two 
sources 

(3) Is in a common junction box attached to exit or emer¬ 
gency luminaires supplied from two sources 

(4) Is for two or more circuits supplied from the same 
branch and same transfer switch [ROP 15-54] 

The wiring of the equipment branch shall be permitted 
to occupy the same raceways, boxes, or cabinets of other 
circuits that are not part of the essential electrical system. 

[ROP 15-54] 


Critical 

branch 


Essential electrical system 


Informational Note Figure 517.30, No. 2 Hospital — Mini¬ 
mum Requirement (150 kVA or less) for Transfer Switch Ar¬ 
rangement. [ROP 15-32] 


(5) Optional Loads. Loads served by the generating 
equipment not specifically named in Article 517 shall be 
served by their own transfer switches such that the follow¬ 
ing conditions apply: 

(1) These loads shall not be transferred if the transfer will 
overload the generating equipment. 

(2) These loads shall be automatically shed t- 

ing equipment overloading. 

(6) Contiguous Facilities. Hospital 
ternate power sources shall be peri 
tial electrical systems of contiguo 
[99:13.3.4.3] 

(C) Wiring Requirements. 

(1) Separation from Other Circuits.^fhe life safety 
branch and critical branch of the essential electrical system 
shall be kept entirely independent of all other wiring and 
equipment and shall not enter the same raceways, boxes, or 
cabinets with each other or other wiring. [ROP 15-54] 
Where general care locations are served from two sepa¬ 
rate transfer switches on the essential electrical system in 
accordance with 517.18(A), Exception No. 3, the general 
care circuits from the two separate systems shall be kept 
independent of each other. [ROP 15-54] 

Where critical care locations are served from two sepa¬ 
rate transfer switches on the essential electrical system in 
accordance with 517.19(A), Exception No. 2, the critical 
care circuits from the two separate systems shall be kept 
independent of each other. [ROP 15-54] 

Wiring of the life safety branch and the critical branch 
shall be permitted to occupy the same raceways, boxes, or 




(2) Isolated Power Systems. Where isolated power sys¬ 
tems are installed iirany of the areas in 517.33(A)(1) and 
(A)(2), each system shall be supplied by an individual cir¬ 
cuit serving<no othe 

jk _ 

(3) Mechanical Protection of the Essential Electrical 

The^ming of theuife safety and critical branches 
shall be mechanically protected. Where installed as branch 
circuits in patient care spaces the installation shall comply 
with requirements of 517.13(A) and (B). The following 
methods shall be permitted: [ROP 15-62] 

ime metal raceways, Type MI Cable, Type 
TRCTmarked with the suffix -XW or Schedule 80 
PVC conduit. Nonmetallic raceways shall not be used 
for branch circuits that supply patient care areas. [ROP 
15-60] 

Where encased in not less than 50 mm (2 in.) of con¬ 
crete, Schedule 40 PVC conduit, flexible nonmetallic 
or jacketed metallic raceways, or jacketed metallic 
cable assemblies listed for installation in concrete. 
Nonmetallic raceways shall not be used for branch cir¬ 
cuits that supply patient care areas. 

Listed MC cable identified as providing crush, impact 
and penetration circuit protection performance compa¬ 
rable to electrical metallic tubing. [ROP 15-61] 

Listed flexible metal raceways and listed metal 
sheathed cable assemblies in any of the following: 

a. Where used in listed prefabricated medical head- 
walls 

b. In listed office furnishings 

c. Where fished into existing walls or ceilings, not oth¬ 
erwise accessible and not subject to physical dam¬ 
age 

d. Where necessary for flexible connection to 
equipment 

Flexible power cords of appliances or other utilization 
equipment connected to the emergency system. 

Cables for Class 2 or Class 3 systems permitted by Part 
VI of this Article, with or without raceways. 


(4) 


(5) 


( 6 ) 
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Informational Note: See 517.13 for additional grounding 
requirements in patient care areas. 

(D) Capacity of Systems. The essential electrical system 
shall have the capacity and rating to meet the maximum 
actual demand likely to be produced by the connected load 
of the essential electrical system. [ROP 15-63] 

Feeders shall be sized in accordance with 215.2 and 
Part III of Article 220. The generator set(s) shall have the 
capacity and rating to meet the demand produced by the 
load of the essential electrical system at any given time. 
[ROP 15-63] 

Demand calculations for sizing of the generator set(s) 
shall be based on any of the following: 

(1) Prudent demand factors and historical data 

(2) Connected load 

(3) Feeder calculation procedures described in Article 220 

(4) Any combination of the above 

The sizing requirements in 700.4 and 701.4 shall not 
apply to hospital generator set(s). 

(E) Receptacle Identification. The cover plates for the 
electrical receptacles or the electrical receptacles them¬ 
selves supplied from the essential electrical system shall 
have a distinctive color or marking so as to be readily 
identifiable. [99:6.4.2.2.6.2(0] [ROP 15-64, ROP 15-65] 

Nonlocking-type, 125-volt, 15- and 20-ampere recep¬ 
tacles shall have an illuminated face or an indicator light to 
indicate that there is power to the receptacle. [ROP 15-64] 

(F) Feeders from Alternate Power Source. A sinfre 
feeder supplied by a local or. remote alternate source shall 
be permitted to supply the essential clectricaPsystcm to the 
point at which the lif^Kifety, critical, and equipment 
branches are separated. Installation of the transfer equip¬ 
ment shall be permitted at other thanjflle location of the 
alternate power source. [ROP 15-67] 

517.31 Branches Requiring Automatic Connection. 

Those functions of patient care depending on lighting or 
appliances that are connected to the essential electrical sys¬ 
tem shall be divided into the life safety branch and the 
critical branch, described in 517.32 and 517.33. [ROP 
15-68] 

The life safety and critical branches shall be installed 
and connected to the alternate power source so that all 
functions supplied by these branches specified here shall be 
automatically restored to operation within 10 seconds after 
interruption of the normal source. [99:4.4.2.2.2.1, 4.4.3.1] 
[ROP 15-68] 

517.32 Fife Safety Branch. No functions other than those 
listed in 517.32(A) through (H) shall be connected to the 
life safety branch. The life safety branch of the essential 


electrical system shall supply power for the following light¬ 
ing, receptacles, and equipment. [ROP 15-69] 

(A) Illumination of Means of Egress. Illumination of 
means of egress, such as lighting required for corridors, 
passageways, stairways, and landings at exit doors, and all 
necessary ways of approach to exits. Switching arrange¬ 
ments to transfer patient corridor lighting in hospitals from 
general illumination circuits to night illumination circuits 
shall be permitted, provided only one of two circuits can be 
selected and both circuits cannot be extinguished at the 
same time. 

Informational Note: See NFPA 101- 2009, Life Safety 
Code, Sections 7.8 and 7.9. 

(B) Exit Sign: s. Exit signs and exit directional signs. 

Informational Note: See NFPA 101- 2009, Life Safety 

Cod^'lfe'0$W7.1O. 

(C) Alarm and Alerting Systems. Alarm and alerting sys¬ 
tems including therollowing: 

,(1) I^e alarms 

mationa 1 Note: See NFPA 101- 2009, Life Safety 
Section 9.6 and 18.3.4. 

^^(2) Ams required for systems used for the piping of 
nonflammable medical gases 

Informational Note: See NFPA 99-2005, Standard for 
Health Care Facilities, 4.4.2.2.2.2(3). 

(3) Mechanical, control, and other accessories required for 
effective life safety systems operation shall be permit¬ 
ted to be connected to the life safety branch. 

(D) Communications Systems. Hospital communications 
systems, where used for issuing instructions during emer¬ 
gency conditions. 

(E) Generator Set and Transfer Switch Locations. Task 
illumination battery charger for battery-powered lighting 
unit(s) and selected receptacles at the generator set and 
essential transfer switch locations. [99:4.4.2.2.2.2(5)] 

(F) Generator Set Accessories. Generator set accessories 
as required for generator performance. Loads dedicated to a 
specific generator, including the fuel transfer pump(s), ven¬ 
tilation fans, electrically operated louvers, controls, cooling 
system, and other generator accessories essential for gen¬ 
erator operation, shall be connected to the life safety branch 
or to the output terminals of the generator with over-current 
protective devices. [ROP 15-70] 

(G) Elevators. Elevator cab lighting, control, communica¬ 
tions, and signal systems. 

(H) Automatic Doors. Automatically operated doors used 
for building egress. [99:4.4.2.2.2.2(7)] 
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517.33 Critical Branch. 

(A) Task Illumination and Selected Receptacles. The 

critical branch of the essential electrical system shall supply 
power for task illumination, fixed equipment, selected re¬ 
ceptacles, and special power circuits serving the following 
areas and functions related to patient care: [ROP 15-72] 

(1) Critical care areas that utilize anesthetizing gases — 
task illumination, selected receptacles, and fixed equip¬ 
ment 

(2) The isolated power systems in special environments 

(3) Patient care areas — task illumination and selected re¬ 
ceptacles in the following: 

a. Infant nurseries 

b. Medication preparation areas 

c. Pharmacy dispensing areas 

d. Selected acute nursing areas 

e. Psychiatric bed areas (omit receptacles) 

f. Ward treatment rooms 

g. Nurses’ stations (unless adequately lighted by corri¬ 
dor luminaires) 

(4) Additional specialized patient care task illumination 
and receptacles, where needed 

(5) Nurse call systems 

(6) Blood, bone, and tissue banks 

(7) Telephone and data equipment rooms and closets 
[ROP 15-73] 

(8) Task illumination, selected receptacles, and selected 
power circuits for the followini 

a. General care beds (at least one duple)? 
each patient bedroom) 

b. Angiographic labs 

c. Cardiac catheterization, 

d. Coronary care units 

e. Hemodialysis rooms or are 

f. Emergency room treatment ari 

g. Human physiology labs 

h. Intensive care units 

i. Postoperative recovery rooms (selected) 

(9) Additional task illumination, receptacles, and selected 
power circuits needed for effective hospital operation. 
Single-phase fractional horsepower motors shall be 
permitted to be connected to the critical branch. 
[99:4.4.2.2.2.3(9)] 

(B) Switching. It shall be permissible to switch critical 
branch task illumination with single pole, 3- and 4-way 
switches, motion sensors, automatic load control relays, 
dimming systems and low voltage control systems. [ROP 
15-71] 

(C) Subdivision of the Critical Branch. It shall be per¬ 
mitted to subdivide the critical branch into two or more 
branches. 


Exception: Fold 
kVA, deletion 
automatic . amnectii 
permitte 



Informational Note: It is important to analyze the conse¬ 
quences of supplying an area with only critical care branch 
power when failure occurs between the area and the trans¬ 
fer switch. Some proportion of normal and critical power or 
critical power from separate transfer switches may be 
appropriate. 

517.34 Equipment Branch Connection to Alternate 
Power Source. The equipment branch shall be installed 
and connected to the alternate power source such that the 
equipment described in 517.34(A) is automatically restored 
to operation at appropriate time-lag intervals following the 
energizing of the essential electrical system. Its arrange¬ 
ment shall also provide for the subsequent connection of 
equipment described in 517.34(B). [99:4.4.2.2.3.2] [ROP 
15-74] 


sential electrical systems under 150 
ime-lag intervals feature for delayed 
the equipment system shall be 


for Delayed Automatic Connection. The 

ipment shall be permitted to be arranged for 
pmatic connection to the alternate power 

suction systems serving medical and surgical 
s, including controls. Such suction systems 
shall be permitted on the critical branch. 

Sump pumps and other equipment required to operate 
for the safety of major apparatus, including associated 
control systems and alarms. 

(3) Compressed air systems serving medical and surgical 
functions, including controls. Such air systems shall be 
permitted on the critical branch. 

Smoke control and stair pressurization systems, or 
both. 

Kitchen hood supply or exhaust systems, or both, if 
required to operate during a fire in or under the hood. 

(6) Supply, return, and exhaust ventilating systems for air¬ 
borne infectious/isolation rooms, protective environ¬ 
ment rooms, exhaust fans for laboratory fume hoods, 
nuclear medicine areas where radioactive material is 
used, ethylene oxide evacuation, and anesthesia evacu¬ 
ation. Where delayed automatic connection is not ap¬ 
propriate, such ventilation systems shall be permitted to 
be placed on the critical branch. [99:4.4.2.2.3.4(1) 
through (6)] 

(7) Supply, return, and exhaust ventilating systems for op¬ 
erating and delivery rooms. 

Supply, return, exhaust ventilating system and/or air 
conditioning system serving telephone equipment 
rooms and closets and data equipment rooms and clos¬ 
ets. [ROP 15-75] 
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517.40 


Exception: Sequential delayed automatic connection to the 
alternate power source to prevent overloading the genera¬ 
tor shall be permitted where engineering studies indicate it 
is necessary. 

(B) Equipment for Delayed Automatic or Manual Con¬ 
nection. The following equipment shall be permitted to be 
arranged for either delayed automatic or manual connection 
to the alternate power source: 

(1) Heating equipment to provide heating for operating, 
delivery, labor, recovery, intensive care, coronary care, 
nurseries, infection/isolation rooms, emergency treat¬ 
ment spaces, and general patient rooms and pressure 
maintenance (jockey or make-up) pump(s) for water- 
based fire protection systems. 

Exception: Heating of general patient rooms and 
infection/isolation rooms during disruption of the normal 
source shall not be required under any of the following 
conditions: 

(1) The outside design temperature is higher than 
-6.7°C (20°F). 

(2) The outside design temperature is lower than 
—6.7°C (20°F), and where a selected room(s) is provided 
for the needs of all confined patients, only such q 
need be heated. 

(3) The facility is served by a dual source of n< 
power. 

Informational Note No. 1: The desi 
based on the 97 Vi percent design valui 
24 of the ASHRAE Handbook of Fur, 

Informational Note No. 2: For a desc' 
source of normal power, see 517.35(C), 

Note. 

(2) An elevator(s) selected lo provide 'service to patient, 
surgical, obstetrical, ai^^xtund floors during interrup¬ 
tion of normal power. In instances where interruption 
of normal power would result in other elevators stop¬ 
ping between floors, throw-ov^ facilities shall be pro¬ 
vided to allow the temporary operation of any elevator 
for the release of patients or other persons who may be 
confined between floors. 

(3) Hyperbaric facilities. 

(4) Hypobaric facilities. 

(5) Automatically operated doors 

(6) Minimal electrically heated autoclaving equipment 
shall be permitted to be arranged for either automatic 
or manual connection to the alternate source. 

(7) Controls for equipment listed in 517.34. 

(8) Other selected equipment shall be permitted to be 
served by the equipment system. [99:4.4.2.2.3.5(9)] 

(C) AC Equipment for Nondelayed Automatic Connec¬ 
tion. Generator accessories, including but not limited to, 




the transfer fuel pump, electrically operated louvers, and 
other generator accessories essential for generator opera¬ 
tion, shall be arranged for automatic connection to the al¬ 
ternate power source. [99:4.4.2.2.3.3] 

517.35 Sources of Power. 

(A) Two Independent Sources of Power. Essential elec¬ 
trical systems shall have a minimum of two independent 
sources of power: a normal source generally supplying the 
entire electrical system and one or more alternate sources 
for use when the normal source is interrupted. 
[99:4.4.1.1.4] 

(B) Alternate Source of Power. The alternate source of 
power shall bo^one of the following: 

(1) Generators) driven by some form of prime mover(s) 
and located on the premises 

sther generating unit(s) where the normal source 
Consists of a generating unit(s) located on the premises 
An external utilitwservice when the normal source con¬ 
stats of a generating unit(s) located on the premises 
rattery system located on the premises [99:4.4.1.2] 

ation of Essential Electrical System Compo- 

eful consideration shall be given to the location 
spaces housing the components of the essential elec¬ 
trical system to minimize interruptions caused by natural 
forces common to the area (e.g., storms, floods, earth¬ 
quakes, or hazards created by adjoining structures or activi¬ 
ties). Consideration shall also be given to the possible in¬ 
terruption of normal electrical services resulting from 
similar causes as well as possible disruption of normal elec¬ 
trical service due to internal wiring and equipment failures. 
Consideration shall be given to the physical separation of 
the main feeders of the alternate source from the main 
feeders of the normal electrical source to prevent possible 
simultaneous interruption. [ROP 15-78] 

Informational Note: Facilities in which the normal source 
of power is supplied by two or more separate central 
station-fed services experience greater than normal electri¬ 
cal service reliability than those with only a single feed. 
Such a dual source of normal power consists of two or 
more electrical services fed from separate generator sets or 
a utility distribution network that has multiple power input 
sources and is arranged to provide mechanical and electri¬ 
cal separation so that a fault between the facility and the 
generating sources is not likely to cause an interruption of 
more than one of the facility service feeders. 

517.40 Essential Electrical Systems for Nursing Homes 
and Limited Care Facilities. 

(A) Applicability. The requirements of Part III, 517.40(C) 
through 517.44, shall apply to nursing homes and limited 
care facilities. 
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Exception: The requirements of Part III, 517.40(C) 

through 517.44, shall not apply to freestanding buildings 
used as nursing homes and limited care facilities, provided 
that the following apply: 

(a) Admitting and discharge policies are maintained 
that preclude the provision of care for any patient or resi¬ 
dent who may need to be sustained by electrical life- 
support equipment. 

(b) No surgical treatment requiring general anesthesia 
is offered. 

(c) An automatic battery-operated system(s) or equip¬ 
ment is provided that shall be effective for at least IV 2 
hours and is otherwise in accordance with 700.12 and that 
shall be capable of supplying lighting for exit lights, exit 
corridors, stairways, nursing stations, medical preparation 
areas, boiler rooms, and communications areas. This sys¬ 
tem shall also supply power to operate all alarm systems. 
[99:17.3.4.2.2(3), 18.3.4.2.2(3)] 


Informational Note: 
Code. 


See NFPA 101- 2009, Life Safety 



(B) Inpatient Hospital Care Facilities. For those nursing 
homes and limited care facilities that admit patients who 
need to be sustained by electrical life support equipment, 
the essential electrical system from the source to the por¬ 
tion of the facility where such patients are treated shall 
comply with the requirements of Part III, 517.30 through 
517.35. 

(C) Facilities Contiguous or Located ori^ 
with Hospitals. Nursing homes and limited 
that are contiguous or located on th«||(iiil&i,te 
pital shall be permitted to have/their e 
systems supplied by that of the Kspital. 

Informational Note: For performantre, maintenance, and 
testing requirements of essential electrical systems in nurs¬ 
ing homes and limited care facilities, see NFPA 99-2005, 
Standard for Health Care Facilities. 

517.41 Essential Electrical Systems. 

(A) General. Essential electrical systems for nursing 
homes and limited care facilities shall be comprised of two 
separate branches capable of supplying a limited amount of 
lighting and power service, which is considered essential 
for the protection of life safety and effective operation of 
the institution during the time normal electrical service is 
interrupted for any reason. These two separate branches 
shall be the life safety branch and the critical branch. [99: 
A.4.5.2.2.1] 


fer switch shall be permitted to serve one or more branches 
or systems in a facility with a maximum demand on the 
essential electrical system of 150 kVA. [99:4.5.2.2.1] 

Informational Note No. 1: See NFPA 99-2005, Standard 
for Health Care Facilities, 4.5.3.2, Transfer Switch Opera¬ 
tion Type II; 4.4.2.1.4, Automatic Transfer Switch Features; 
and 4.4.2.1.6, Nonautomatic Transfer Device Features. 

Informational Note No. 2: See Informational Note Figure 
517.41, No. 1. 

Informational Note No. 3: See Informational Note Figure 
517.41, No. 2. 


Normal power 
source 


Alternate power 
source 



Life safety 
branch 


Critical 

branch 


Essential electrical system 

rmational Note Figure 517.41, No. 1 Nursing Home and 
imited Health Care Facilities — Minimum Requirement 
(greater than 150 kVA) for Transfer Switch Arrangement. 
[ROP 15-79] 


Normal power 
source 


Alternate power 
source 


*r 


Nonessential 

loads 

Automatic 

switching 

equipment 


\° 


Critical 

branch 


Life safety 
branch 


Essential electrical system 


(B) Transfer Switches. The number of transfer switches to 
be used shall be based on reliability, design, and load con¬ 
siderations. Each branch of the essential electrical system 
shall be served by one or more transfer switches. One trans¬ 


Informational Note Figure 517.41, No. 2 Nursing Home and 
Limited Health Care Facilities — Minimum Requirement (150 
kVA or less) for Transfer Switch Arrangement. [ROP 15-79] 
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(C) Capacity of System. The essential electrical system 
shall have adequate capacity to meet the demand for the 
operation of all functions and equipment to be served by 
each branch at one time. 

(D) Separation from Other Circuits. The life safety 
branch shall be kept entirely independent of all other wiring 
and equipment and shall not enter the same raceways, 
boxes, or cabinets with other wiring except as follows: 

(1) In transfer switches 

(2) In exit or emergency luminaires supplied from two 
sources 

(3) In a common junction box attached to exit or emer¬ 
gency luminaires supplied from two sources 


(1) Fire alarms 

Informational Note: See NFPA 101- 2009, Life Safety 
Code, Sections 9.6 and 18.3.4. 

(2) Alarms required for systems used for the piping of 
nonflammable medical gases 

Informational Note: See NFPA 99-2005, Standard for 
Health Care Facilities, 4.4.2.2.2.2(3). 

(D) Communications Systems. Communications systems, 
where used for issuing instructions during emergency con¬ 
ditions. 

(E) Dining and Recreation Areas. Sufficient lighting in 
dining and recreation areas to provide illumination to exit 
ways. 


The wiring of the critical branch shall be permitted to 
occupy the same raceways, boxes, or cabinets of other cir¬ 
cuits that are not part of the life safety branch. 

(E) Receptacle Identification. The cover plates for the 
electrical receptacles or the electrical receptacles them¬ 
selves supplied from the essential electrical system shall 
have a distinctive color or marking so as to be readily 
identifiable. [99:6.5.2.2.4.2] [ROP 15-80, ROP 15-81] 
Nonlocking-type, 125-volt, 15- and 20-ampere 
tacles shall have an illuminated face or an indicator 
indicate that there is power to the receptacle. [ROP 15-80] 

517.42 Automatic Connection to 

The life safety branch shall be installe 
the alternate source of power so thaHall functic^ 
herein shall be automatically restored 
10 seconds after the interrupt^ 
functions other than those 
shall be connected to thj 
branch shall supply powe! 
tacles, and equipment. 

[ROP 15-82] 




source. No 
rough (G) 
safety 
lighting, recep- 


(A) Illumination of Means of Egress. Illumination of 

means of egress as is necessary for corridors, passageways, 
stairways, landings, and exit doors and all ways of ap¬ 
proach to exits. Switching arrangement to transfer patient 
corridor lighting from general illumination circuits shall be 
permitted, providing only one of two circuits can be se¬ 
lected and both circuits cannot be extinguished at the same 
time. 

Informational Note: See NFPA 101- 2009, Life Safety 
Code, Sections 7.8 and 7.9. 

(B) Exit Signs. Exit signs and exit directional signs. 

Informational Note: See NFPA 101- 2009, Life Safety 
Code, Section 7.10. 

(C) Alarm and Alerting Systems. Alarm and alerting sys¬ 
tems, including the following: 


(F) Generator Set Location. Task illumination and se¬ 
lected receptacles in the generator set location. 

(G) ET 

tions,^ 


i. Elevator cab lighting, control, communica- 
Td signal systems. [99:4.4.2.2.2.2(6), 4.5.2.2.2(7)] 

.43 Connection to Critical Branch. The critical 
ranch ^hall be installed and connected to the alternate 
ource so that the equipment listed in 517.43(A) 
>e automatically restored to operation at appropriate 
g intervals following the restoration of the life safety 
operation. Its arrangement shall also provide for 
dltional connection of equipment listed in 517.43(B) 
by ''either delayed automatic or manual operation. 
[99:4.5.2.2.3.1] 

Exception: For essential electrical systems under 150 
kVA, deletion of the time-lag intervals feature for delayed 
automatic connection to the equipment branch shall be per¬ 
mitted. [ROP 15-83] 

(A) Delayed Automatic Connection. The following 
equipment shall be permitted to be connected to the critical 
branch and shall be arranged for delayed automatic connec¬ 
tion to the alternate power source: 

(1) Patient care areas — task illumination and selected re¬ 
ceptacles in the following: 

a. Medication preparation areas 

b. Pharmacy dispensing areas 

c. Nurses’ stations (unless adequately lighted by corri¬ 
dor luminaires) 

(2) Sump pumps and other equipment required to operate 
for the safety of major apparatus and associated control 
systems and alarms 

(3) Smoke control and stair pressurization systems 

(4) Kitchen hood supply and/or exhaust systems, if re¬ 
quired to operate during a fire in or under the hood 

(5) Supply, return, and exhaust ventilating systems for air¬ 
borne infectious isolation rooms [99:4.5.2.2.3.3(1) 
through (5)] 
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(B) Delayed Automatic or Manual Connection. The fol¬ 
lowing equipment shall be permitted to be connected to the 
critical branch and shall be arranged for either delayed au¬ 
tomatic or manual connection to the alternate power source: 

(1) Heating equipment to provide heating for patient 
rooms. 

Exception: Heating of general patient rooms during dis¬ 
ruption of the normal source shall not be required under 
any of the following conditions: 


(C) Location of Essential Electrical System Compo¬ 
nents. Careful consideration shall be given to the location 
of the spaces housing the components of the essential elec¬ 
trical system to minimize interruptions caused by natural 
forces common to the area (e.g., storms, floods, earth¬ 
quakes, or hazards created by adjoining structures or activi¬ 
ties). Consideration shall also be given to the possible in¬ 
terruption of normal electrical services resulting from 
similar causes as well as possible disruption of normal elec¬ 
trical service due to internal wiring and equipment failures. 


(1) The outside design temperature is higher than 
—6.7°C (20°F). 

(2) The outside design temperature is lower than 
—6.7°C (20°F) and where a selected room(s) is provided for 
the needs of all confined patients, only such room(s) need 
be heated. 

(3) The facility is served by a dual source of normal 
power as described in 517.44(C), Informational Note. 

Informational Note: The outside design temperature is 
based on the 97 Vi percent design values as shown in Chap¬ 
ter 24 of the ASHRAE Handbook of Fundamentals (1997). 

(2) Elevator service — in instances where disruption of 
power would result in elevators stopping between 
floors, throw-over facilities shall be provided to allows 
the temporary operation of any elevator for the release 
of passengers. For elevator cab lighting, control, and 
signal system requirements, see 517.42(G). 

(3) Additional illumination, receptacles, anj 
shall be permitted to be connected on 
branch. 

[99:4.5.2.2.3.4(A), (B), and (C)] 

517.44 Sources of Power. 

(A) Two Independent Sources of Power. Essential elec¬ 
trical systems shall have a minimum of two independent 
sources of power: a normal source generalfersupplying the 
entire electrical system and one or more alternate sources 
for use when the normal source is interrupted. 
[99:4.4.1.1.4] 

(B) Alternate Source of Power. The alternate source of 
power shall be a generator(s) driven by some form of prime 
mover(s) and located on the premises. 


sources and 
cal separation'so^ 
generatijigTources 



Informational Note: Facilities in which the normal source 
of power is supplied by two or more separate central 
station-fed services experience greater than normal electri¬ 
cal service reliability than those with only a single feed. 
Such a dual source of normal power consists of two or 
more electrical services fed from separate generator sets or 
a utility distribution network that has multiple power input 
ged to provide mechanical and electri- 
a fault between the facility and the 
ot likely cause an interruption of 


ty service feeders. 


1 Electrical Systems for Other Health 

Electrical Distribution. The essential elec¬ 
tion system shall be a battery or generator 


Informational Note: See NFPA 99-2005, Standard for 
Health Care Facilities. 

) Electrical Life Support Equipment. Where electrical 
life support equipment is required, the essential electrical 
distribution system shall be as described in 517.30 through 
517.35. [99:14.3.4.2.1] 

(C) Critical Care Areas. Where critical care areas are 
present, the essential electrical distribution system shall be 
as described in 517.30 through 517.35. [99:14.3.4.2.2] 

(D) Power Systems. Battery systems shall be installed in 
accordance with the requirements of Article 700, and gen¬ 
erator systems shall be as described in 517.30 through 
517.35. 


IV. Inhalation Anesthetizing Locations 


Exception No. 1: Where the normal source consists of 
generating units on the premises, the alternate source shall 
be either another generator set or an external utility 
service. 

Exception No. 2: Nursing homes or limited care facilities 
meeting the requirement of 517.40(A) and other health care 
facilities meeting the requirement of 517.45 shall be per¬ 
mitted to use a battery system or self-contained battery 
integral with the equipment. 


Informational Note: For further information regarding 
safeguards for anesthetizing locations, see NFPA 99-2005, 
Standard for Health Care Facilities. 

517.60 Anesthetizing Location Classification. 

Informational Note: If either of the anesthetizing locations 
in 517.60(A) or 517.60(B) is designated a wet procedure 
location, refer to 517.20. 

(A) Hazardous (Classified) Location. 
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(1) Use Location. In a location where flammable anesthet¬ 
ics are employed, the entire area shall be considered to be a 
Class I, Division 1 location that extends upward to a level 
1.52 m (5 ft) above the floor. The remaining volume up to 
the structural ceiling is considered to be above a hazardous 
(classified) location. [99: Annex E, E.l, and E.2] 

(2) Storage Location. Any room or location in which 
flammable anesthetics or volatile flammable disinfecting 
agents are stored shall be considered to be a Class I, Divi¬ 
sion 1 location from floor to ceiling. 


equipment, including lamps operating at more than 8 volts 
between conductors, shall be of a type approved for extra- 
hard usage in accordance with Table 400.4 and shall in¬ 
clude an additional conductor for grounding. 

(7) Flexible Cord Storage. A storage device for the flex¬ 
ible cord shall be provided and shall not subject the cord to 
bending at a radius of less than 75 mm (3 in.). 

(B) Above Hazardous (Classified) Anesthetizing Loca¬ 
tions. 


(B) Other-Than-Hazardous (Classified) Location. Any 

inhalation anesthetizing location designated for the exclu¬ 
sive use of nonflammable anesthetizing agents shall be con¬ 
sidered to be an other-than-hazardous (classified) location. 

517.61 Wiring and Equipment. 

(A) Within Hazardous (Classified) Anesthetizing Loca¬ 
tions. 

(1) Isolation. Except as permitted in 517.160, each power 
circuit within, or partially within, a flammable anesthetiz¬ 
ing location as referred to in 517.60 shall be isolated from 
any distribution system by the use of an isolated 
system. [99: Annex E, E.6.6.2] 

(2) Design and Installation. Where an isolated power 
tern is utilized, the isolated power equipment shall be 
as isolated power equipment, and the isolated power syste: 
shall be designed and installed in accordance wk 

(3) Equipment Operating at More Than 10 Volts, in 

hazardous (classified) locations referred to in 517.60, all 
fixed wiring and equipment and all^wrtable equipment, 
including lamps and other utilization equipment, operating 
at more than 10 volts between conductors shall comply 
with the requirements of 501C through 501.25, and 
501.100 through 501.150, and 5(71.30(A) and 501.30(B) for 
Class I, Division 1 locations. All such equipment shall be 
specifically approved for the hazardous atmospheres in¬ 
volved. [99: Annex E, E.2.1, E.4.5, E.4.6, and E.4.7] 

(4) Extent of Location. Where a box, fitting, or enclosure 
is partially, but not entirely, within a hazardous (classified) 
location(s), the hazardous (classified) location(s) shall be 
considered to be extended to include the entire box, fitting, 
or enclosure. 

(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs in a hazardous (classified) location(s) 
shall be listed for use in Class I, Group C hazardous (clas¬ 
sified) locations and shall have provision for the connection 
of a grounding conductor. 



(1) Wiring Methods. Wiring above a hazardous (classi¬ 
fied) location referred to in 517.60 shall be installed in rigid 
metal conduit, electrical metallic tubing, intermediate metal 
conduit, Type MI cable, or Type MC cable that employs a 
continuous, gas/vaportight metal sheath. 

(2) Equipment Enclosure. Installed equipment that may 
produce sparks, or particles of hot metal, such as 
laraps and lampholders for fixed lighting, cutouts, switches, 

erators, motorawfer other equipment having make-and- 
■reak me sliding coiiwcts, shall be of the totally enclosed 
pe^or be constructed so as to prevent escape of sparks or 
ietal particles. 

Exception: Wall-mounted receptacles installed above the 
!5s (classified) location in flammable anesthetizing 
<ns shall not be required to be totally enclosed or 
have openings guarded or screened to prevent dispersion of 
particles. 

(3) Luminaires. Surgical and other luminaires shall con¬ 
form to 501.130(B). 

Exception No. 1: The surface temperature limitations set 
forth in 501.130(B)(1) shall not apply. 

Exception No. 2: Integral or pendant switches that are 
located above and cannot be lowered into the hazardous 
(classified) location(s) shall not be required to be 
explosionproof. 

(4) Seals. Listed seals shall be provided in conformance 
with 501.15, and 501.15(A)(4) shall apply to horizontal as 
well as to vertical boundaries of the defined hazardous 
(classified) locations. 

(5) Receptacles and Attachment Plugs. Receptacles and 
attachment plugs located above hazardous (classified) anes¬ 
thetizing locations shall be listed for hospital use for ser¬ 
vices of prescribed voltage, frequency, rating, and number 
of conductors with provision for the connection of the 
grounding conductor. This requirement shall apply to at¬ 
tachment plugs and receptacles of the 2-pole, 3-wire 
grounding type for single-phase, 120-volt, nominal, ac ser¬ 
vice. 


(6) Flexible Cord Type. Flexible cords used in hazardous (6) 250-Volt Receptacles and Attachment Plugs Rated 

(classified) locations for connection to portable utilization 50 and 60 Amperes. Receptacles and attachment plugs 
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rated 250 volts, for connection of 50-ampere and 60- 
ampere ac medical equipment for use above hazardous 
(classified) locations, shall be arranged so that the 60- 
ampere receptacle will accept either the 50-ampere or the 
60-ampere plug. Fifty-ampere receptacles shall be designed 
so as not to accept the 60-ampere attachment plug. The 
attachment plugs shall be of the 2-pole, 3-wire design with 
a third contact connecting to the insulated (green or green 
with yellow stripe) equipment grounding conductor of the 
electrical system. 

(C) Other-Than-Hazardous (Classified) Anesthetizing 
Locations. 


conductor. Grounding and bonding in Class 1 locations 
shall comply with 501.30. 

Exception: Equipment operating at not more than 10 volts 
between conductors shall not be required to be connected 
to an equipment grounding conductor. 

517.63 Grounded Power Systems in Anesthetizing Lo¬ 
cations. 

(A) Battery-Powered Lighting Units. One or more 
battery-powered lighting units shall be provided and shall 
be permitted to be wired to the critical lighting circuit in the 
area and connected ahead of any local switches. 


(1) Wiring Methods. Wiring serving other-than-hazardous 
(classified) locations, as defined in 517.60, shall be in¬ 
stalled in a metal raceway system or cable assembly. The 
metal raceway system or cable armor or sheath assembly 
shall qualify as an equipment grounding conductor in ac¬ 
cordance with 250.118. Type MC and Type MI cable shall 
have an outer metal armor, sheath, or sheath assembly that 
is identified as an acceptable equipment grounding conduc¬ 
tor. 

Exception: Pendant receptacle installations that employ 
listed Type SJO, or equivalent hard usage or extra-han 
usage , flexible cords suspended not less than 1.8 m (6 ft) 
from the floor shall not be required to be instal led in a 
metal raceway or cable assembly. 

(2) Receptacles and Attachment Plugs 

attachment plugs installed and used in other- 
classified) locations shall be listed 
services of prescribed voltage, frei 
ber of conductors with provix 
grounding conductor. This 
2-pole, 3-wire grounding type 
or 240-volt, nominal, ac service. 


(3) 250-Volt Receptacles and Attachment Plugs Rated 
50 Amperes and 60 Amperes. Receptacles and attachment 
plugs rated 250 volts, for connection of 50-ampere and 
60-ampere ac medical equipment for use in other-than- 
hazardous (classified) locations, shall be arranged so that 
the 60-ampere receptacle will accept either the 50-ampere 
or the 60-ampere plug. Fifty-ampere receptacles shall be 
designed so as not to accept the 60-ampere attachment 
plug. The attachment plugs shall be of the 2-pole, 3-wire 
design with a third contact connecting to the insulated 
(green or green with yellow stripe) equipment grounding 
conductor of the electrical system. 




(B) Branch-Circuit Wiring. Branch circuits supplying 
only listed, fixed, therapeutic and diagnostic equipment, 
permanently installed above the hazardous (classified) loca¬ 
tion and in other-than-hazardous (classified) locations, shall 
be permitted to be supplied from a normal grounded ser¬ 
vice, single or three-phase system, provided the following 
appl^ 

(1)( Wiring fgfp^rounded and isolated circuits does not oc- 
same raceway or cable. 

luctive surfaces of the equipment are connected 
ment grounding conductor. 

(except enclosed X-ray tubes and the leads 
bes) is located at least 2.5 m (8 ft) above the 
floor or outside the anesthetizing location. 

Switches for the grounded branch circuit are located 
outside the hazardous (classified) location. 

Exception: Sections 517.63(B)(3) and (B)(4) shall not ap¬ 
ply in other-than-hazardous (classified) locations. 

(C) Fixed Lighting Branch Circuits. Branch circuits sup¬ 
plying only fixed lighting shall be permitted to be supplied 
by a normal grounded service, provided the following ap¬ 
ply: 

(1) Such luminaires are located at least 2.5 m (8 ft) above 
the floor. 

(2) All conductive surfaces of luminaires are connected to 
an equipment grounding conductor. 

(3) Wiring for circuits supplying power to luminaires does 
not occupy the same raceway or cable for circuits sup¬ 
plying isolated power. 

(4) Switches are wall-mounted and located above hazard¬ 
ous (classified) locations. 

Exception: Sections 517.63(C)(1) and (C)(4) shall not ap¬ 
ply in other-than-hazardous (classified) locations. 


517.62 Grounding. In any anesthetizing area, all metal 
raceways and metal-sheathed cables and all normally non- 
current-carrying conductive portions of fixed electrical 
equipment shall be connected to an equipment grounding 


(D) Remote-Control Stations. Wall-mounted remote- 
control stations for remote-control switches operating at 24 
volts or less shall be permitted to be installed in any anes¬ 
thetizing location. 
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(E) Location of Isolated Power Systems. Where an iso¬ 
lated power system is utilized, the isolated power equip¬ 
ment shall be listed as isolated power equipment. Isolated 
power system equipment and its supply circuit shall be 
permitted to be located in an anesthetizing location, pro¬ 
vided it is installed above a hazardous (classified) location 
or in an other-than-hazardous (classified) location. 

(F) Circuits in Anesthetizing Locations. Except as per¬ 
mitted above, each power circuit within, or partially within, 
a flammable anesthetizing location as referred to in 517.60 
shall be isolated from any distribution system supplying 
other-than-anesthetizing locations. 


(F) Receptacles or Attachment Plugs. Any receptacle or 
attachment plug used on low-voltage circuits shall be of a 
type that does not permit interchangeable connection with 
circuits of higher voltage. 

Informational Note: Any interruption of the circuit, even 
circuits as low as 10 volts, either by any switch or loose or 
defective connections anywhere in the circuit, may produce 
a spark that is sufficient to ignite flammable anesthetic 
agents. 

V. X-Ray Installations 

Nothing in this part shall be construed as specifying safe¬ 
guards against the useful beam or stray X-ray radiation. 


517.64 Low-Voltage Equipment and Instruments. 

(A) Equipment Requirements. Low-voltage equipment 
that is frequently in contact with the bodies of persons or 
has exposed current-carrying elements shall comply with 
one of the following: 

(1) Operate on an electrical potential of 10 volts or less 

(2) Be approved as intrinsically safe or double-insulated 
equipment 

(3) Be moisture resistant 

(B) Power Supplies. Power shall be supplied to lqw^^j 
voltage equipment from one of the following: 

(1) An individual portable isolating transformer (autotrans 
formers shall not be used) connected to a||Jisolat( 
power circuit receptacle by meat 
cord and attachment plug 

(2) A common low-voltage isolating transformer installed 
in an other-than-hazafo^K(clasSfed) location 

(3) Individual dry-cell batteries 

(4) Common batteries mad$ up of storage cells located in 
an other-than-hazardous (classified) location 

(C) Isolated Circuits. Iscilating-type transfbrmers for sup¬ 
plying low-voltage circuits shall have both of the follow¬ 
ing: 


Informational Note No. 1: Radiation safety and perfor¬ 
mance requirements of several classes of X-ray equipment 
a under Public Law 90-602 and are enforced by 
nt of Health and Human Services. 


are regi 
the 


fnational Nqte No. 2: In addition, information on ra- 
htion protection by the National Council on Radiation 
Protection and Measurements is published as Reports of the 
National Council on Radiation Protection and Measure¬ 
ment. These reports are obtainable from NCRP Publica- 
tilhs, P.O. Box 30175, Washington, DC 20014. 



517.71 Connection to Supply Circuit. 


Ixed and Stationary Equipment. Fixed and station¬ 
ary X-ray equipment shall be connected to the power sup¬ 
ply by means of a wiring method complying with appli¬ 
cable requirements of Chapters 1 through 4 of this Code, as 
modified by this article. 

Exception: Equipment properly supplied by a branch cir¬ 
cuit rated at not over 30 amperes shall be permitted to be 
supplied through a suitable attachment plug and hard- 
service cable or cord. 

(B) Portable, Mobile, and Transportable Equipment. 

Individual branch circuits shall not be required for portable, 
mobile, and transportable medical X-ray equipment requir¬ 
ing a capacity of not over 60 amperes. 


(1) Approved means for insulating the secondary circuit 
from the primary circuit 

(2) The core and case connected to an equipment ground¬ 
ing conductor 


(C) Over 1000-Volt Supply. Circuits and equipment oper¬ 
ated on a supply circuit of over 1000 volts shall comply 
with Article 490. [ROP 15-90] 


(D) Controls. Resistance or impedance devices shall be 
permitted to control low-voltage equipment but shall not be 
used to limit the maximum available voltage to the equip¬ 
ment. 

(E) Battery-Powered Appliances. Battery-powered appli¬ 
ances shall not be capable of being charged while in opera¬ 
tion unless their charging circuitry incorporates an integral 
isolating-type transformer. 


517.72 Disconnecting Means. 

(A) Capacity. A disconnecting means of adequate capacity 
for at least 50 percent of the input required for the momen¬ 
tary rating or 100 percent of the input required for the 
long-time rating of the X-ray equipment, whichever is 
greater, shall be provided in the supply circuit. 

(B) Location. The disconnecting means shall be operable 
from a location readily accessible from the X-ray control. 
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(C) Portable Equipment. For equipment connected to a 
120-volt branch circuit of 30 amperes or less, a grounding- 
type attachment plug and receptacle of proper rating shall 
be permitted to serve as a disconnecting means. 

517.73 Rating of Supply Conductors and Overcurrent 
Protection. 

(A) Diagnostic Equipment. 


equipment moved to and reinstalled at a new location shall 
be of an approved type. 

517.76 Transformers and Capacitors. Transformers and 
capacitors that are part of X-ray equipment shall not be 
required to comply with Articles 450 and 460. 

Capacitors shall be mounted within enclosures of insu¬ 
lating material or grounded metal. 


(1) Branch Circuits. The ampacity of supply branch- 
circuit conductors and the current rating of overcurrent pro¬ 
tective devices shall not be less than 50 percent of the 
momentary rating or 100 percent of the long-time rating, 
whichever is greater. 


517.77 Installation of High-Tension X-Ray Cables. 

Cables with grounded shields connecting X-ray tubes and 
image intensifiers shall be permitted to be installed in cable 
trays or cable troughs along with X-ray equipment control 
and power supply conductors without the need for barriers 
to separate the wiring. 


(2) Feeders. The ampacity of supply feeders and the cur¬ 
rent rating of overcurrent protective devices supplying two 
or more branch circuits supplying X-ray units shall not be 
less than 50 percent of the momentary demand rating of the 
largest unit plus 25 percent of the momentary demand rat¬ 
ing of the next largest unit plus 10 percent of the momen¬ 
tary demand rating of each additional unit. Where simulta¬ 
neous biplane examinations are undertaken with the X-ray 
units, the supply conductors and overcurrent protective de¬ 
vices shall be 100 percent of the momentary demand rating 
of each X-ray unit. 

Informational Note: The minimum conductor si^^or 
branch and feeder circuits is also governed by voltage regu¬ 
lation requirements. For a specific installation, the manu¬ 
facturer usually specifies minimum distributifl^pansfon 
and conductor sizes, rating of disconnecting means, 
overcurrent protection. 

(B) Therapeutic Equipment. The ampacity oiconauctors 
and rating of overcurrent protecnve devices'shall not-be 
less than 100 percent of the current rating of medical X-ray 
therapy equipment. 

Informational Note: The ampacity of the branch-circuit 
conductors and the ratings of disconnecting means and 
overcurrent protection for X-ray equipment are usually des¬ 
ignated by the manufacturer for the specific installation. 


517.78 Guardin nd Grounding. 



(A) High-Voltage Parts. All high-voltage parts, including 
X-ray tubes^ffiall be mounted within grounded enclosures. 
Air, oil, gas, or other sunable insulating media shall be used 
to inflate the high-voltag^Jfrom the grounded enclosure. 
The connection from the high-voltage equipment to X-ray 
tubes and other high-voltage components shall be made 
with high-voltage shielded cables. 

r- Voltage Cables. Low-voltage cables connecting 
to^oil-filled units that are not completely sealed, such as 
isformers, condensers, oil coolers, and high-voltage 
iUyitches, shall have insulation of the oil-resistant type. 

Non-Current-Carrying Metal Parts. Non-current- 
r carrying metal parts of X-ray and associated equipment 
(controls, tables, X-ray tube supports, transformer tanks, 
shielded cables, X-ray tube heads, etc.) shall be connected 
to an equipment grounding conductor in the manner speci¬ 
fied in Part VII of Article 250, as modified by 517.13(A) 
and (B). 

VI. Communications, Signaling Systems, Data 

Systems, Fire Alarm Systems, and Systems Less 
Than 120 Volts, Nominal 


517.74 Control Circuit Conductors. 

(A) Number of Conductors in Raceway. The number of 
control circuit conductors installed in a raceway shall be 
determined in accordance with 300.17. 

(B) Minimum Size of Conductors. Size 18 AWG or 16 
AWG fixture wires as specified in 725.49 and flexible cords 
shall be permitted for the control and operating circuits of 
X-ray and auxiliary equipment where protected by not 
larger than 20-ampere overcurrent devices. 

517.75 Equipment Installations. All equipment for new 
X-ray installations and all used or reconditioned X-ray 


517.80 Patient Care Areas. Equivalent insulation and iso¬ 
lation to that required for the electrical distribution systems 
in patient care areas shall be provided for communications, 
signaling systems, data system circuits, fire alarm systems, 
and systems less than 120 volts, nominal. 

Class 2 and Class 3 signaling and communications sys¬ 
tems and power-limited fire alarm systems shall not be re¬ 
quired to comply with the grounding requirements of 
517.13, to comply with the mechanical protection require¬ 
ments of 517.30(C)(3)(5), or to be enclosed in raceways, 
unless otherwise specified by Chapter 7 or 8. 

Secondary circuits of transformer-powered communica¬ 
tions or signaling systems shall not be required to be en- 
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closed in raceways unless otherwise specified by Chapter 7 
or 8. [99:4.4.2.2.4.6] 

517.81 Other-Than-Patient-Care Areas. In other-than- 
patient-care areas, installations shall be in accordance with 
the applicable provisions of other parts of this Code. 

517.82 Signal Transmission Between Appliances. 

(A) General. Permanently installed signal cabling from an 
appliance in a patient location to remote appliances shall 
employ a signal transmission system that prevents hazard¬ 
ous grounding interconnection of the appliances. 

Informational Note: See 517.13(A) for additional ground¬ 
ing requirements in patient care areas. 

(B) Common Signal Grounding Wire. Common signal 
grounding wires (i.e., the chassis ground for single-ended 
transmission) shall be permitted to be used between appli¬ 
ances all located within the patient care vicinity, provided 
the appliances are served from the same reference ground¬ 
ing point. 


VII. Isolated Power Systems 
517.160 Isolated Power Systems. 

(A) Installations. 

(1) Isolated Power Circuits. Each isolj 
shall be controlled by a switch or cir^ 
disconnecting pole in each isolated 
multaneously disconnect all power, 
accomplished by means of one or 
ers, by means of generator s^s, or by means 


isolated batteries. Conductors of isokfl 
shall not be installed in cattles, racewa; 
sures containing conductors of another 



:r circfl 
at has 
luctor 
^sh^^^ 
in transform- 
ectrically 
power circuits 
or other enclo- 
§tem. 


(2) Circuit Characteristics. Circuits supplying primaries 
of isolating transformers shall operate at not more than 600 
volts between conductors and shall be provided with proper 
overcurrent protection. The secondary voltage of such 
transformers shall not exceed 600 volts between conductors 
of each circuit. All circuits supplied from such secondaries 
shall be ungrounded and shall have an approved overcur¬ 
rent device of proper ratings in each conductor. Circuits 
supplied directly from batteries or from motor generator 
sets shall be ungrounded and shall be protected against 
overcurrent in the same manner as transformer-fed second¬ 
ary circuits. If an electrostatic shield is present, it shall be 
connected to the reference grounding point. [99:4.3.2.6.1] 

(3) Equipment Location. The isolating transformers, mo¬ 
tor generator sets, batteries and battery chargers, and asso¬ 
ciated primary or secondary overcurrent devices shall not 
be installed in hazardous (classified) locations. The isolated 


secondary circuit wiring extending into a hazardous anes¬ 
thetizing location shall be installed in accordance with 
501.10. 

(4) Isolation Transformers. An isolation transformer shall 
not serve more than one operating room except as covered 
in (A)(4)(a) and (A)(4)(b). 

For purposes of this section, anesthetic induction rooms 
are considered part of the operating room or rooms served 
by the induction rooms. 

(a) Induction Rooms. Where an induction room serves 
more than one operating room, the isolated circuits of the 
induction room shall be permitted to be supplied from the 
isolation transformer of any one of the operating rooms 
served by that induction room. 

(b) Higijw Voltages. Isolation transformers shall be 
permitted to serve single receptacles in several patient areas 
where the following apply: 




are reserved for supplying power to 
equipment requiring 150 volts or higher, such as por¬ 
tables X-ray units 

receptacles and mating plugs are not interchange- 
_...,le with the receptacles on the local isolated power 
system. 

3-4.1.2.6.6] 

Conductor Identification. The isolated circuit conduc¬ 
tors shall be identified as follows: 

(1) Isolated Conductor No. 1 — Orange with at least one 
distinctive colored stripe other than white, green, or 
gray along the entire length of the conductor 

(2) Isolated Conductor No. 2 — Brown with at least one 
distinctive colored stripe other than white, green, or 
gray along the entire length of the conductor 

For 3-phase systems, the third conductor shall be iden¬ 
tified as yellow with at least one distinctive colored stripe 
other than white, green, or gray along the entire length of 
the conductor. Where isolated circuit conductors supply 
125-volt, single-phase, 15- and 20-ampere receptacles, the 
striped orange conductor(s) shall be connected to the termi¬ 
nals) on the receptacles that are identified in accordance 
with 200.10(B) for connection to the grounded circuit con¬ 
ductor. 

(6) Wire-Pulling Compounds. Wire-pulling compounds 
that increase the dielectric constant shall not be used on the 
secondary conductors of the isolated power supply. 

Informational Note No. 1: It is desirable to limit the size 
of the isolation transformer to 10 kVA or less and to use 
conductor insulation with low leakage to meet impedance 
requirements. 

Informational Note No. 2: Minimizing the length of 
branch-circuit conductors and using conductor insulations 
with a dielectric constant less than 3.5 and insulation resis- 
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tance constant greater than 6100 megohm-meters (20,000 
megohm-feet) at 16°C (60°F) reduces leakage from line to 
ground, reducing the hazard current. 

(B) Line Isolation Monitor. 

(1) Characteristics. In addition to the usual control and 
overcurrent protective devices, each isolated power system 
shall be provided with a continually operating line isolation 
monitor that indicates total hazard current. The monitor 
shall be designed such that a green signal lamp, conspicu¬ 
ously visible to persons in each area served by the isolated 
power system, remains lighted when the system is ad¬ 
equately isolated from ground. An adjacent red signal lamp 
and an audible warning signal (remote if desired) shall be 
energized when the total hazard current (consisting of pos¬ 
sible resistive and capacitive leakage currents) from either 
isolated conductor to ground reaches a threshold value of 5 
mA under nominal line voltage conditions. The line moni¬ 
tor shall not alarm for a fault hazard of less than 3.7 mA or 
for a total hazard current of less than 5 mA. 

Exception: A system shall be permitted to be designed to 
operate at a lower threshold value of total hazard current. 
A line isolation monitor for such a system shall be permit¬ 
ted to be approved, with the provision that the fault hazart 
current shall be permitted to be reduced but not to less than 
35 percent of the corresponding threshold value of the total 
hazard current, and the monitor hazard curre, 
correspondingly reduced to not more than 
alarm threshold value of the total hazard 

(2) Impedance. The line isolation monitor 
signed to have sufficient internal^ 
when properly connected to thejsol 
mum internal current that can^flow through 
tion monitor, when any point 
grounded, shall be 1 mA. 

Exception: The line isolation monitor shall fie permitted to 
be of the low-impedance type such that the current through 
the line isolation monitor, when any point of the isolated 
system is grounded, will not exceed twice the alarm thresh¬ 
old value for a period not exceeding 5 milliseconds. 

Informational Note: Reduction of the monitor hazard cur¬ 
rent, provided this reduction results in an increased “not 
alarm” threshold value for the fault hazard current, will 
increase circuit capacity. 

(3) Ammeter. An ammeter calibrated in the total hazard 
current of the system (contribution of the fault hazard cur¬ 
rent plus monitor hazard current) shall be mounted in a 
plainly visible place on the line isolation monitor with the 
“alarm on” zone at approximately the center of the scale. 

Exception: The line isolation monitor shall be permitted to 
be a composite unit, with a sensing section cabled to a 



separate display panel section on which the alarm or test 
functions are located. 

Informational Note: It is desirable to locate the ammeter 
so that it is conspicuously visible to persons in the anesthe¬ 
tizing location. 


ARTICLE 518 
Assembly Occupancies 

518.1 Scope. Except for the assembly occupancies explic¬ 
itly covered by 520.1, this article covers all buildings or 
portions of buildings or structures designed or intended for 
the gathering together of 100 or more persons for such 
purposes as deliberation, worship, entertainment, eating, 
drinking, aransement, awaiting transportation, or similar 
purpose 


lies. Assembly occupancies shall include, but 
to, the following: 


Exhibition halls 
Gymnasiums 
Mortuary chapels 
Multipurpose rooms 
Museums 

Places of awaiting transportation 
Places of religious worship 
Pool rooms 
Restaurants 
Skating rinks 


is 

ditoriums 
lanes 
ib rooms 
inference rooms 
Courtrooms 
Dance halls 
Dining and drinking 
facilities 


(B) Multiple Occupancies. Where an assembly occupancy 
forms a portion of a building containing other occupancies, 
Article 518 applies only to that portion of the building 
considered an assembly occupancy. Occupancy of any 
room or space for assembly purposes by less than 100 per¬ 
sons in a building of other occupancy, and incidental to 
such other occupancy, shall be classified as part of the other 
occupancy and subject to the provisions applicable thereto. 

(C) Theatrical Areas. Where any such building structure, 
or portion thereof, contains a projection booth or stage plat¬ 
form or area for the presentation of theatrical or musical 
productions, either fixed or portable, the wiring for that 
area, including associated audience seating areas, and all 
equipment that is used in the referenced area, and portable 
equipment and wiring for use in the production that will not 
be connected to permanently installed wiring, shall comply 
with Article 520. 
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Informational Note: For methods of determining popula¬ 
tion capacity, see local building code or, in its absence, 
NFPA 101- 2009, Life Safety Code. 

518.3 Other Articles. 

(A) Hazardous (Classified) Areas. Electrical installations 
in hazardous (classified) areas located in assembly occu¬ 
pancies shall comply with Article 500. 


(d) Fire alarm circuits —Article 760 

(B) Nonrated Construction. In addition to the wiring 
methods of 518.4(A), nonmetallic-sheathed cable. Type AC 
cable, electrical nonmetallic tubing, and rigid nonmetallic 
conduit shall be permitted to be installed in those buildings 
or portions thereof that are not required to be of fire-rated 
construction by the applicable building code. 


(B) Temporary Wiring. In exhibition halls used for dis¬ 
play booths, as in trade shows, the temporary wiring shall 
be permitted to be installed in accordance with Article 590. 
Flexible cables and cords approved for hard or extra-hard 
usage shall be permitted to be laid on floors where pro¬ 
tected from contact by the general public. The ground-fault 
circuit-interrupter requirements of 590.6 shall not apply. All 
other ground-fault circuit-interrupter requirements of this 
Code shall apply. 

Where ground-fault circuit interrupter protection for 
personnel is supplied by plug-and-cord-connection to the 
branch circuit or to the feeder, the ground fault circuit in¬ 
terrupter protection shall be listed as portable ground fault 
circuit interrupter protection or provide a level of protection 
equivalent to a portable ground fault circuit interrupter, 
whether assembled in the field or at the factory. 

Exception: Where conditions of supervision and m< 
nance ensure that only qualified persons will service 
installation, flexible cords or cables identified |'n 

400.4 for hard usage or extra-hard usage shall A b* permi 
ted in cable trays used only for tempi 
or cables shall be installed in a single 
sign shall be attached to the 
exceed 7.5 m (25 ft). The : sig 

CABLE TRAY FOR TEMPORARY 


(C) Emergency Systems. C 
shall comply with Article 700. 

518.4 Wiring Methods. 



permanent 
rvals not to 


r NG ONLY 


ergency systems 


Informational Note: Fire-rated construction is the fire- 
resistive classification used in building codes. 

(C) Spaces with Finish Rating. Electrical nonmetallic 
tubing and rigid nonmetallic conduit shall be permitted to 
be installed in club rooms, conference and meeting rooms 
in hotels or motels, courtrooms, dining facilities, restau¬ 
rants, mortuary chapels, museums, libraries, and places of 
religious worship where the following apply: 

nonmetallic tubing or rigid nonmetallic 
lied concealed within walls, floors, and 
walls, floors, and ceilings provide a 
al barrier bWfnatcrial that has at least a 15-minute 
rating as identified in listings of fire-rated assem- 




electrical nonmetallic tubing or rigid nonmetallic 
it is installed above suspended ceilings where the 
pended ceilings provide a thermal barrier of mate- 
that has at least a 15-minute finish rating as iden¬ 
tified in listings of fire-rated assemblies. 

Electrical nonmetallic tubing and rigid nonmetallic con¬ 
duit are not recognized for use in other space used for 
environmental air in accordance with 300.22(C). 

Informational Note: A finish rating is established for as¬ 
semblies containing combustible (wood) supports. The fin¬ 
ish rating is defined as the time at which the wood stud or 
wood joist reaches an average temperature rise of 121°C 
(250°F) or an individual temperature rise of 163°C (325°F) 
as measured on the plane of the wood nearest the fire. A 
finish rating is not intended to represent a rating for a mem¬ 
brane ceiling. 


(A) General. The fixed wiring methods shall be metal 
raceways, flexible metal raceways, nonmetallic raceways 
encased in not less than 50 mm (2 in.) of concrete, Type 
MI, MC, or AC cable. The wiring method shall itself 
qualify as an equipment grounding conductor according to 
250.118 or shall contain an insulated equipment grounding 
conductor sized in accordance with Table 250.122. 

Exception: Fixed wiring methods shall be as provided in 

(a) Audio signal processing, amplification, and repro¬ 
duction equipment — Article 640 

(b) Communications circuits —Article 800 

(c) Class 2 and Class 3 remote-control and signaling 
circuits — Article 725 


518.5 Supply. Portable switchboards and portable power 
distribution equipment shall be supplied only from listed 
power outlets of sufficient voltage and ampere rating. Such 
power outlets shall be protected by overcurrent devices. 
Such overcurrent devices and power outlets shall not be 
accessible to the general public. Provisions for connection 
of an equipment grounding conductor shall be provided. 
The neutral conductor of feeders supplying solid-state 
phase control, 3-phase, 4-wire dimmer systems shall be 
considered a current-carrying conductor for purposes of 
ampacity adjustment. The neutral conductor of feeders sup¬ 
plying solid-state sine wave, 3-phase, 4-wire dimming sys¬ 
tems shall not be considered a current-carrying conductor 
for purposes of ampacity adjustment. 
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Exception: The neutral conductor of feeders supplying 
systems that use or may use both phase-control and sine- 
wave dimmers shall be considered as current-carrying for 
purposes of ampacity adjustment. 

Informational Note: For definitions of solid-state dimmer 
types, see 520.2. 


Portable Power Distribution Unit. A power distribution 
box containing receptacles and overcurrent devices. 

Proscenium. The wall and arch that separates the stage 
from the auditorium (house). 

Solid-State Phase-Control Dimmer. A solid-state dimmer 
where the wave shape of the steady-state current does not 
follow the wave shape of the applied voltage, such that the 
wave shape is nonlinear. 


ARTICLE 520 

Theaters, Audience Areas of Motion 
Picture and Television Studios, 
Performance Areas, and Similar 
Locations 


I. General 

520.1 Scope. This article covers all buildings or that part 
of a building or structure, indoor or outdoor, designed or 
used for presentation, dramatic, musical, motion picture 
projection, or similar purposes and to specific audience 
seating areas within motion picture or television studios. 


520.2 Definitions. 

Border Light. A permanently installed overheai 

Breakout Assembly. An adapter used to 
pole connector containing two or more bra] 
multiple individual branch-circuit connecters. 

Bundled. Cables or conductor® fliat are 
taped, or otherwise periodically bound togethe 

Connector Strip. A metal wireway 
flush receptacles. 



pendant or 


Solid-State Sine Wave Dimmer. A solid-state dimmer 
where the wave shape of the steady-state current follows 
the wave shape of the applied voltage such that the wave 
shape is linear. 

Stage Equipment. Equipment at any location on the pre¬ 
mises integral to stage production, including but not 
limited to cqui profit for lighting, audio , special effects, 
rigging, motkprct^kel, projection or video. [ROP 15-98] 

Stage Lighting Hoist. A motorized lifting device that con- 
tainsjf jtnounting position fop one or more luminaires with 
wiring devices for connection of luminaires to branch cir¬ 
cuits, and integral flexible cables to allow the luminaires to 
travel dfrefc the lifting range of the hoist while energized. 

oard. A switchboard, panelboard, or rack 
aining^limmers or relays with associated overcurrent 
protective devices, or overcurrent protective devices alone, 
d primarily to feed stage equipment. [ROP 15-98] 


Drop Box. A box containing pendant- or flush-mounted 
receptacles attached to a multiconductor cable via strain 
relief or a multipole connector. 


tand Lamp (Work Light). A portable stand that contains 
a general-purpose luminaire or lampholder with guard for 
the purpose of providing general illumination on the stage 
or in the auditorium. 

Strip Light. A luminaire with multiple lamps arranged in a 


Two-Fer. An adapter cable containing one male plug and 
two female cord connectors used to connect two loads to 
one branch circuit. 


Footlight. A border light installed on or in the stage. 

Grouped. Cables or conductors positioned adjacent to one 
another but not in continuous contact with each other. 

Performance Area. The stage and audience seating area 
associated with a temporary stage structure, whether in¬ 
doors or outdoors, constructed of scaffolding, truss, plat¬ 
forms, or similar devices, that is used for the presentation 
of theatrical or musical productions or for public presenta¬ 
tions. 

Portable Equipment. Equipment fed with portable cords 
or cables intended to be moved from one place to another. 


520.3 Motion Picture Projectors. Motion picture equip¬ 
ment and its installation and use shall comply with Article 
540. 

520.4 Audio Signal Processing, Amplification, and Re¬ 
production Equipment. Audio signal processing, amplifi¬ 
cation, and reproduction equipment and its installation shall 
comply with Article 640. 

520.5 Wiring Methods. 

(A) General. The fixed wiring method shall be metal race¬ 
ways, nonmetallic raceways encased in at least 50 mm 
(2 in.) of concrete, Type MI cable, MC cable, or AC cable 
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containing an insulated equipment grounding conductor 
sized in accordance with Table 250.122. 

Exception: Fixed wiring methods shall be as provided in 
Article 640 for audio signal processing, amplification, and 
reproduction equipment, in Article 800 for communications 
circuits, in Article 725 for Class 2 and Class 3 remote- 
control and signaling circuits, and in Article 760 for fire 
alarm circuits. 


be permitted for temporary use outdoors, provided the 
equipment is supervised by qualified personnel while ener¬ 
gized and barriered from the general public. 

II. Fixed Stage Switchboards 

520.21 General. Fixed stage switchboards shall comply 
with (1) through (4) below: 


(B) Portable Equipment. The wiring for portable switch¬ 
boards, stage set lighting, stage effects, and other wiring not 
fixed as to location shall be permitted with approved flex¬ 
ible cords and cables as provided elsewhere in Article 520. 
Fastening such cables and cords by uninsulated staples or 
nailing shall not be permitted. 

(C) Nonrated Construction. Nonmetallic-sheathed cable. 
Type AC cable, electrical nonmetallic tubing, and rigid 
nonmetallic conduit shall be permitted to be installed in 
those buildings or portions thereof that are not required to 
be of fire-rated construction by the applicable building 
code. 

520.6 Number of Conductors in Raceway. The number 
of conductors permitted in any metal conduit, rigid nor 
tallic conduit as permitted in this article, or electrica ine- 
tallic tubing for circuits or for remote-control conductors 
shall not exceed the percentage fill shown in 
Chapter 9. Where contained within 
wireway, the sum of the cross-sectional areas., 
tained conductors at any cross sect? 

20 percent of the interior cros s-secti onal 
iary gutter or wireway. 'll 
366.22 and 376.22 shall not apply. 

520.7 Enclosing and Guarding Live Parts. Live parts 
shall be enclosed or guarded to prevent accidental contact 
by persons and objects. All switches shall be of the exter¬ 
nally operable type. Dimmers, including rheostats, shall be 
placed in cases or cabinets that enclose all live parts. 



(1) Fixed stage switchboards shall be listed. 

(2) Fixed stage switchboards shall be readily accessible but 
shall not be required to be located on or adjacent to the 
stage. Multiple fixed stage switchboards shall be per¬ 
mitted at different locations. 

(3) A fixed stage switchboard shall contain overcurrent 
prcitecTive ylcvices for all branch circuits supplied by 
that switchboard. 

(4) A fixed stage switchboard shall be permitted to supply 
both stage and non-stage equipment. 

P 15-107, ROP 15-108, ROP 15-108a, ROP 15-110] 

520.25 Dimmers. Dimmers shall comply with 520.25(A) 
through (D). 

(A) Disconnection and Overcurrent Protection. Where 
fimefrare installed in ungrounded conductors, each dim- 

lall have overcurrent protection not greater than 
125 percent of the dimmer rating and shall be disconnected 
from all ungrounded conductors when the master or indi¬ 
vidual switch or circuit breaker supplying such dimmer is 
in the open position. 

(B) Resistance- or Reactor-Type Dimmers. Resistance- 
or series reactor-type dimmers shall be permitted to be 
placed in either the grounded or the ungrounded conductor 
of the circuit. Where designed to open either the supply 
circuit to the dimmer or the circuit controlled by it, the 
dimmer shall then comply with 404.2(B). Resistance- or 
reactor-type dimmers placed in the grounded neutral con¬ 
ductor of the circuit shall not open the circuit. 


520.8 Emergency Systems. Control of emergency systems 
shall comply with Article 700. 

520.9 Branch Circuits. A branch circuit of any size sup¬ 
plying one or more receptacles shall be permitted to supply 
stage set lighting. The voltage rating of the receptacles shall 
be not less than the circuit voltage. Receptacle ampere rat¬ 
ings and branch-circuit conductor ampacity shall be not less 
than the branch-circuit overcurrent device ampere rating. 
Table 210.21(B)(2) shall not apply. 

520.10 Portable Equipment Used Outdoors. Portable 
stage and studio lighting equipment and portable power 
distribution equipment not identified for outdoor use shall 


(C) Autotransformer-Type Dimmers. The circuit supply¬ 
ing an autotransformer-type dimmer shall not exceed 150 
volts between conductors. The grounded conductor shall be 
common to the input and output circuits. 

Informational Note: See 210.9 for circuits derived from 

autotransformers. 

(D) Solid-State-Type Dimmers. The circuit supplying a 
solid-state dimmer shall not exceed 150 volts between con¬ 
ductors unless the dimmer is listed specifically for higher 
voltage operation. Where a grounded conductor supplies a 
dimmer, it shall be common to the input and output circuits. 
Dimmer chassis shall be connected to the equipment 
grounding conductor. 
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520.26 Type of Switchboard. A stage switchboard shall 
be either one or a combination of the types specified in 
520.26(A), (B), (C), and (D). [ROP 15-110a] 

(A) Manual. Dimmers and switches are operated by 
handles mechanically linked to the control devices. 

(B) Remotely Controlled. Devices are operated electri¬ 
cally from a pilot-type control console or panel. Pilot con¬ 
trol panels either shall be part of the switchboard or shall be 
permitted to be at another location. 

(C) Intermediate. A stage switchboard with circuit inter¬ 
connections is a secondary switchboard (patch panel) or 
panelboard remote to the primary stage switchboard. It 
shall contain overcurrent protection. Where the required 
branch-circuit overcurrent protection is provided in the 
dimmer panel, it shall be permitted to be omitted from the 
intermediate switchboard. 

(D) Constant Power. A stage switchboard containing only 
overcurrent protective devices and no control elements. 

[ROP 15-110a] 

520.27 Stage Switchboard Feeders. 

(A) Type of Feeder. Feeders supplying stage switchboards 
shall be one of the types in 520.27(A)(1) through (^ [31. 

(1) Single Feeder. A single feeder disconnected, tty a si 
disconnect device. 

(2) Multiple Feeders to Intermediate Stage Switch¬ 
board (Patch Panel). Multiple feeders of unlimited quan¬ 
tity shall be permitted, provided that all multiple feeders are 
part of a single system. Where combined, neutral conduc¬ 
tors in a given raceway shall be of sufficient ampacity to 
carry the maximum unbalanced current^supphed by mul¬ 
tiple feeder conductors in the same raceWay, but they need 
not be greater than the ampacity of the neutral conductor 
supplying the primary stage switchboard. Parallel neutral 
conductors shall comply with 310.10(H). 

(3) Separate Feeders to Single Primary Stage Switch¬ 
board (Dimmer Bank). Installations with separate feeders 
to a single primary stage switchboard shall have a discon¬ 
necting means for each feeder. The primary stage switch¬ 
board shall have a permanent and obvious label stating the 
number and location of disconnecting means. If the discon¬ 
necting means are located in more than one distribution 
switchboard, the primary stage switchboard shall be pro¬ 
vided with barriers to correspond with these multiple loca¬ 
tions. 

(B) Neutral Conductor. For the purpose of ampacity ad¬ 
justment, the following shall apply: 



(1) The neutral conductor of feeders supplying solid-state, 
phase-control 3-phase, 4-wire dimming systems shall 
be considered a current-carrying conductor. 

(2) The neutral conductor of feeders supplying solid-state, 
sine wave 3-phase, 4-wire dimming systems shall not 
be considered a current-carrying conductor. 

(3) The neutral conductor of feeders supplying systems 
that use or may use both phase-control and sine wave 
dimmers shall be considered as current-carrying. 

(C) Supply Capacity. For the purposes of calculating sup¬ 
ply capacity to switchboards, it shall be permissible to con¬ 
sider the maximum load that the switchboard is intended to 
control in a given installation, provided that the following 
apply: 

(1) All feeders supplying the switchboard shall be pro¬ 
tected by an overcurrent device with a rating not 
greater than the ampacity of the feeder. 

The opening of tBj^overcurrent device shall not affect 
thejproper operation ^f the egress or emergency light¬ 
ing systems. 

ote: For calculation of stage switchboard 
's, see 220.40. 


Equipment Other Than Switchboards 

Lighting Hoists. Stage lighting hoists shall 
listed. Where a listed stage lighting hoist contains an 
tegral cable handling system and cable to connect a mov- 
wiring device to a fixed junction box for connection to 
ermanent wiring, the extra-hard-usage requirement of 
520.44(C)(1) shall not apply. [ROP 15-111] 

520.41 Circuit Loads. 

(A) Circuits Rated 20 Amperes or Less. Footlights, bor¬ 
der lights, and proscenium sidelights shall be arranged so 
that no branch circuit supplying such equipment carries a 
load exceeding 20 amperes. 

(B) Circuits Rated Greater Than 20 Amperes. Where 
only heavy-duty lampholders are used, such circuits shall 
be permitted to comply with Article 210 for circuits sup¬ 
plying heavy-duty lampholders. 

520.42 Conductor Insulation. Foot, border, proscenium, or 
portable strip lights and connector strips shall be wired with 
conductors that have insulation suitable for the temperature at 
which the conductors are operated, but not less than 125°C 
(257°F). The ampacity of the 125°C (257°F) conductors shall 
be that of 60°C (140°F) conductors. All drops from connector 
strips shall be 90°C (194°F) wire sized to the ampacity of 
60°C (140°F) cords and cables with no more than 150 mm 
(6 in.) of conductor extending into the connector strip. Section 
310.15(B)(3)(a) shall not apply. 

Informational Note: See Table 310.104(A) for conductor 
types. 
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520.43 Footlights. 


determined by Table 520.44 shall not exceed the values in 


(A) Metal Trough Construction. Where metal trough 
construction is employed for footlights, the trough contain¬ 
ing the circuit conductors shall be made of sheet metal not 
lighter than 0.81 mm (0.032 in.) and treated to prevent 
oxidation. Lampholder terminals shall be kept at least 
13 mm {Vi in.) from the metal of the trough. The circuit 
conductors shall be soldered to the lampholder terminals. 

(B) Other-Than-Metal Trough Construction. Where the 
metal trough construction specified in 520.43(A) is not 
used, footlights shall consist of individual outlets with lam¬ 
pholders wired with rigid metal conduit, intermediate metal 
conduit, or flexible metal conduit, Type MC cable, or 


Table 520.44. 

(3) Identification of Conductors in Multiconductor 
Extra-hard Usage Cords and Cables. Grounded (neutral) 
conductors shall be white without stripe or shall be identi¬ 
fied by a distinctive white marking at their terminations. 
Grounding conductors shall be green with or without yel¬ 
low stripe or shall be identified by a distinctive green mark¬ 
ing at their terminations. 

Table 520.44 Ampacity of Listed Extra-Hard-Usage Cords 
and Cables with Temperature Ratings of 75°C (167°F) and 
90°C (194°F)* [Based on Ambient Temperature of 30°C 
(86°F)] 


mineral-insulated, metal-sheathed cable. The circuit con¬ 
ductors shall be soldered to the lampholder terminals. 

(C) Disappearing Footlights. Disappearing footlights 
shall be arranged so that the current supply is automatically 
disconnected when the footlights are replaced in the storage 
recesses designed for them. 

520.44 Borders, Proscenium Sidelights, Drop Boxes, 
and Connector Strips. 

(A) General. Borders and proscenium sidelights shSi 
as follows: 

(1) Constructed as specified in 520.43 

(2) Suitably stayed and supported 

(3) Designed so that the flanges of the reflectors or otlx 

adequate guards protect the lamp* 
damage and from accidental coata / or 

other combustible man 


(B) Connector Strips 

and drop boxes shall be as' 

(1) Suitably stayed and support 

(2) Listed as stage and studio wirir 


onnector strips 



JWG) 

W& Temperature Rating of 
Cords and Cables 

Maximum 

\ 75°C 
(167°F) 

90°C 

(194°F) 

Overcurrent 

Device 

14 

% 

28 

15 


32 

35 

20 

k ^10 

41 

47 

25 


57 

65 

35 

^^6 

77 

87 

45 


101 

114 

60 


133 

152 

80 


* Ampacity shown is the ampacity for multiconductor cords and 
cables where only three copper conductors are current-carrying as 
described in 400.5. If the number of current-carrying conductors in a 
cord or cable exceeds three and the load diversity factor is a minimum 
of 50 percent, the ampacity of each conductor shall be reduced as 
shown in the following table: 


devices 


Number of Conductors 

Percent of Ampacity 

4-6 

80 

7-24 

70 

25-42 

60 

43 and above 

50 


(C) Cords and Cables for Border Lights, Drop Boxes, 
and Connector Strips. 

(1) General. Cords and cables for supply to border lights, 
drop boxes, and connector strips shall be listed for extra- 
hard usage. The cords and cables shall be suitably sup¬ 
ported. Such cords and cables shall be employed only 
where flexible conductors are necessary. Ampacity of the 
conductors shall be as provided in 400.5. 

(2) Cords and Cables Not in Contact with Heat- 
Producing Equipment. Listed multiconductor extra-hard- 
usage-type cords and cables not in direct contact with 
equipment containing heat-producing elements shall be per¬ 
mitted to have their ampacity determined by Table 520.44. 
Maximum load current in any conductor with an ampacity 


Note: Ultimate insulation temperature. In no case shall conductors be 
associated together in such a way with respect to the kind of circuit, 
the wiring method used, or the number of conductors such that the 
temperature limit of the conductors is exceeded. 

A neutral conductor that carries only the unbalanced current from 
other conductors of the same circuit need not be considered as a 
current-carrying conductor. 

In a 3-wire circuit consisting of two phase conductors and the 
neutral conductor of a 4-wire, 3-phase, wye-connected system, the 
neutral conductor carries approximately the same current as the line- 
to-neutral currents of the other conductors and shall be considered to 
be a current-carrying conductor. 

On a 4-wire, 3-phase wye circuit where the major portion of the 
load consists of nonlinear loads, there are harmonic currents in the 
neutral conductor. Therefore, the neutral conductor shall be consid¬ 
ered to be a current-carrying conductor. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-491 










520.45 


ARTICLE 520 — THEATERS, MOTION PICTURE AND TELEVISION STUDIOS, AND SIMILAR LOCATIONS 


520.45 Receptacles. Receptacles for electrical equipment 
on stages shall be rated in amperes. Conductors supplying 
receptacles shall be in accordance with Articles 310 and 
400. 

520.46 Connector Strips, Drop Boxes, Floor Pockets, 
and Other Outlet Enclosures. Receptacles for the connec¬ 
tion of portable stage-lighting equipment shall be pendant 
or mounted in suitable pockets or enclosures and shall com¬ 
ply with 520.45. Supply cables for connector strips and 
drop boxes shall be as specified in 520.44(C). 

520.47 Backstage Lamps (Bare Bulbs). Lamps (bare 
bulbs) installed in backstage and ancillary areas where they 
can come in contact with scenery shall be located and 
guarded so as to be free from physical damage and shall 
provide an air space of not less than 50 mm (2 in.) between 
such lamps and any combustible material. 

Exception: Decorative lamps installed in scenery shall not 
he considered to be backstage lamps for the purpose of this 
section. 

520.48 Curtain Machines. Curtain machines shall be 
listed. 


520.49 Smoke Ventilator Control. Where stage 
ventilators are released by an electrical device 
operating the device shall be normally closej 
controlled by at least two externally operal 
switch being placed at a readily accessible 
and the other where designated by the 
jurisdiction. The device shall be designed 
age of the circuit to which it is connected, 
being inserted. The device shall be located in thi 
the scenery and shall be enclosed in a, suitab, 
having a tight, self-closing door. 



aving 
ilt 

esisffnce 
ft above 
etal box 


(C) Overcurrent Protection. The supply devices of these 
supplementary circuits shall be protected by branch-circuit 
overcurrent protective devices. Each supplementary circuit, 
within the road show connection panel and theater, shall be 
protected by branch-circuit overcurrent protective devices 
installed within the road show connection panel. 

(D) Enclosure. Panel construction shall be in accordance 
with Article 408. 

520.51 Supply. Portable switchboards shall be supplied 
only from power outlets of sufficient voltage and ampere 
rating. Such power outlets shall include only externally op¬ 
erable, enclosed fused switches or circuit breakers mounted 
on stage or at thc^germanent switchboard in locations 
readily accessible from the stage floor. Provisions for con¬ 
nection of an equipment grounding conductor shall be pro¬ 
vided. For the purposes of conductor derating, the require¬ 
ments of^feO.27(B) snail apply. 

520.52 Overcurrent Protection for Branch Circuits. 

Portable switchboards shall contain overcurrent protection 
for braffl^ji: circuits. The requirements of 210.23 shall not 

struction and Feeders. Portable switchboards 
feeders for use on stages shall comply with 520.53(A) 
ough (P). 


A) Enclosure. Portable switchboards shall be placed 
within an enclosure of substantial construction, which shall 
be permitted to be arranged so that the enclosure is open 
during operation. Enclosures of wood shall be completely 
lined with sheet metal of not less than 0.51 mm (0.020 in.) 
and shall be well galvanized, enameled, or otherwise prop¬ 
erly coated to prevent corrosion or be of a corrosion- 
resistant material. 


IV. Portable Switchboards on Stage 

520.50 Road Show Connection Panel (A Type of Patch 
Panel). A panel designed to allow for road show connec¬ 
tion of portable stage switchboards to fixed lighting outlets 
by means of permanently installed supplementary circuits. 
The panel, supplementary circuits, and outlets shall comply 
with 520.50(A) through (D). 

(A) Load Circuits. Circuits shall originate from 
grounding-type polarized inlets of current and voltage rat¬ 
ing that match the fixed-load receptacle. 

(B) Circuit Transfer. Circuits that are transferred between 
fixed and portable switchboards shall have all circuit con¬ 
ductors transferred simultaneously. 


(B) Energized Parts. There shall not be exposed ener¬ 
gized parts within the enclosure. 

(C) Switches and Circuit Breakers. All switches and cir¬ 
cuit breakers shall be of the externally operable, enclosed 
type. 

(D) Circuit Protection. Overcurrent devices shall be pro¬ 
vided in each ungrounded conductor of every circuit sup¬ 
plied through the switchboard. Enclosures shall be provided 
for all overcurrent devices in addition to the switchboard 
enclosure. 

(E) Dimmers. The terminals of dimmers shall be provided 
with enclosures, and dimmer faceplates shall be arranged 
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such that accidental contact cannot be readily made with 
the faceplate contacts. 

(F) Interior Conductors. 

(1) Type. All conductors other than busbars within the 
switchboard enclosure shall be stranded. Conductors shall 
be approved for an operating temperature at least equal to 
the approved operating temperature of the dimming devices 
used in the switchboard and in no case less than the follow¬ 
ing: 

(1) Resistance-type dimmers — 200°C (392°F); or 

(2) Reactor-type, autotransformer, and solid-state dimmers 
— 125°C (257°F) 

(2) Protection. Each conductor shall have an ampacity not 
less than the rating of the circuit breaker, switch, or fuse 
that it supplies. Circuit interrupting and bus bracing shall be 
in accordance with 110.9 and 110.10. The short-circuit cur¬ 
rent rating shall be marked on the switchboard. 

Conductors shall be enclosed in metal wireways or shall 
be securely fastened in position and shall be bushed where 
they pass through metal. 

(G) Pilot Light. A pilot light shall be provided within the 
enclosure and shall be connected to the circuit su 
the board so that the opening of the master switch do! 
cut off the supply to the lamp. This lamp shall be 
individual branch circuit having overcurrcnt protec 
rated or set at not over 15 amperes. 

(H) Supply Conductors. 

(I) General. The supply to a portable switchboard shall be 
by means of listed extra-hard usage lords or cables. The 
supply cords or cable shall terminate within the switch¬ 
board enclosure, in an externally operable fused master 
switch or circuit breaker or in an identified connector as¬ 
sembly. The supply cords or cable (and^onnector assem¬ 
bly) shall have current ratings not less than the total load 
connected to the switchboard and shall be protected by 
overcurrent devices. [ROP 15-114] 

(2) Single-Conductor Cables. Single-conductor portable 
supply cable sets shall be not smaller than 2 AWG conduc¬ 
tors. The equipment grounding conductor shall not be 
smaller than 6 AWG conductor. Single-conductor grounded 
neutral cables for a supply shall be sized in accordance with 
520.53(O)(2). Where single conductors are paralleled for 
increased ampacity, the paralleled conductors shall be of 
the same length and size. Single-conductor supply cables 
shall be grouped together but not bundled. The equipment 
grounding conductor shall be permitted to be of a different 
type, provided it meets the other requirements of this sec¬ 
tion, and it shall be permitted to be reduced in size as 
permitted by 250.122. Grounded (neutral) and equipment 
grounding conductors shall be identified in accordance with 



200.6, 250.119, and 310.110. Grounded conductors shall be 
permitted to be identified by marking at least the first 
150 mm (6 in.) from both ends of each length of conductor 
with white or gray. Equipment grounding conductors shall 
be permitted to be identified by marking at least the first 
150 mm (6 in.) from both ends of each length of conductor 
with green or green with yellow stripes. Where more than 
one nominal voltage exists within the same premises, each 
ungrounded conductor shall be identified by system. 

(3) Supply Conductors Not Over 3.0 m (10 ft) Long. 

Where supply conductors do not exceed 3.0 m (10 ft) in 
length between supply and switchboard or supply and a 
subsequent overcurrent device, the supply conductors shall 
be permitted to be reduced in size where all of the follow¬ 
ing conditions^ire met: 

(1) The ampacity of the supply conductors shall be at least 
one-quarter of the current rating of the supply overcur- 
rent protec 

he supply Conductors shall terminate in a single over¬ 
current protective device that will limit the load to the 
ity of the supply conductors. This single overcur- 
device shall be permitted to supply additional 
vercurrent devices on its load side. 

supply conductors shall not penetrate walls, floors, 
or 'Sellings or be run through doors or traffic areas. The 
pply conductors shall be adequately protected from 
physical damage. 

(4) The supply conductors shall be suitably terminated in 
an approved manner. 

(5) Conductors shall be continuous without splices or con¬ 
nectors. 

(6) Conductors shall not be bundled. 

(7) Conductors shall be supported above the floor in an 
approved manner. 

(4) Supply Conductors Not Over 6.0 m (20 ft) Long. 

Where supply conductors do not exceed 6.0 m (20 ft) in 
length between supply and switchboard or supply and a 
subsequent overcurrent protection device, the supply con¬ 
ductors shall be permitted to be reduced in size where all of 
the following conditions are met: 

(1) The ampacity of the supply conductors shall be at least 
one-half of the current rating of the supply overcurrent 
protective device. 

(2) The supply conductors shall terminate in a single over¬ 
current protective device that limits the load to the am¬ 
pacity of the supply conductors. This single overcurrent 
device shall be permitted to supply additional overcur¬ 
rent devices on its load side. 

(3) The supply conductors shall not penetrate walls, floors, 
or ceilings or be run through doors or traffic areas. The 
supply conductors shall be adequately protected from 
physical damage. 
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(4) The supply conductors shall be suitably terminated in 
an approved manner. 

(5) The supply conductors shall be supported in an ap¬ 
proved manner at least 2.1 m (7 ft) above the floor 
except at terminations. 

(6) The supply conductors shall not be bundled. 

(7) Tap conductors shall be in unbroken lengths. 

(5) Supply Conductors Not Reduced in Size. Supply 
conductors not reduced in size under provisions of 
520.53(H)(3) or (H)(4) shall be permitted to pass through 
holes in walls specifically designed for the purpose. If pen¬ 
etration is through the fire-resistant-rated wall, it shall be in 
accordance with 300.21. 

(I) Cable Arrangement. Cables shall be protected by 
bushings where they pass through enclosures and shall be 
arranged so that tension on the cable is not transmitted to 
the connections. Where power conductors pass through 
metal, the requirements of 300.20 shall apply. 

(J) Number of Supply Interconnections. Where connec¬ 
tors are used in a supply conductor, there shall be a maxi¬ 
mum number of three interconnections (mated connector 
pairs) where the total length from supply to switchboard 
does not exceed 30 m (100 ft). In cases where the tota 
length from supply to switchboard exceeds 30 m (100 ft), 
one additional interconnection shall be permitted for each 
additional 30 m (100 ft) of supply conductor. 

(K) Single-Pole Separable Connectors. 

pole portable cable connectors are used, the; 
and of the locking type. Sections 40 0.10 , 406. 
shall not apply to listed single-pole separable cStmcctors 
and single-conductor cable assemblies utilizing listed 
single-pole separable connectors. Where paralleled sets of 
current-carrying, single-pole separable connectors are pro¬ 
vided as input devices, they shall be prominently labeled 
with a warning indicating the presence of internal parallel 
connections. The use of single-pole separable connectors 
shall comply with at least one of the following conditions: 

(1) Connection and disconnection of connectors are pos¬ 
sible only where the supply connectors are interlocked 
to the source and it is not possible to connect or dis¬ 
connect connectors when the supply is energized. 

(2) Line connectors are of the listed sequential-interlocking 
type so that load connectors shall be connected in the 
following sequence: 

a. Equipment grounding conductor connection 

b. Grounded circuit conductor connection, if provided 

c. Ungrounded conductor connection, and that discon¬ 
nection shall be in the reverse order 

(3) A caution notice shall be provided adjacent to the line 
connectors indicating that plug connection shall be in 
the following order: 


a. Equipment grounding conductor connectors 

b. Grounded circuit conductor connectors, if provided 

c. Ungrounded conductor connectors, and that discon¬ 
nection shall be in the reverse order 

(L) Protection of Supply Conductors and Connectors. 

All supply conductors and connectors shall be protected 
against physical damage by an approved means. This pro¬ 
tection shall not be required to be raceways. 

(M) Flanged Surface Inlets. Flanged surface inlets (re¬ 
cessed plugs) that are used to accept the power shall be 
rated in amperes. 

(N) Terminals. Terminals to which stage cables are con¬ 
nected shall be located so as to permit convenient access to 
the terminals. 

(O) Neutral Conductor. 

Terminal. In portable switchboard equipment 
use with 3-p®re, 4-wire with ground supply, 
g of the srqiply neutral terminal, and the 
associated busbar or equivalent wiring, or 
an ampacity equal to at least twice the 
e largest ungrounded supply terminal. 




•ption: Where portable switchboard equipment is spe- 
cj^ullycmistructed and identified to be internally cou¬ 
rted in the field, in an approved manner, from use with a 
lanced 3-phase, 4-wire with ground supply to a balanced 
le-phase, 3-wire with ground supply, the supply neutral 
erminal and its associated busbar, equivalent wiring, or 
both, shall have an ampacity equal to at least that of the 
largest ungrounded single-phase supply terminal. 

(2) Supply Neutral Conductor. The power supply con¬ 
ductors for portable switchboards utilizing solid-state 
phase-control dimmers shall be sized considering the neu¬ 
tral conductor as a current-carrying conductor for ampacity 
adjustment purposes. The power supply conductors for por¬ 
table switchboards utilizing only solid-state sine wave dim¬ 
mers shall be sized considering the neutral conductor as a 
non-current-carrying conductor for ampacity adjustment 
purposes. Where single-conductor feeder cables, not in¬ 
stalled in raceways, are used on multiphase circuits feeding 
portable switchboards containing solid-state phase-control 
dimmers, the neutral conductor shall have an ampacity of at 
least 130 percent of the ungrounded circuit conductors 
feeding the portable switchboard. Where such feeders are 
supplying only solid-state sine wave dimmers, the neutral 
conductor shall have an ampacity of at least 100 percent of 
the ungrounded circuit conductors feeding the portable 
switchboard. 

(P) Qualified Personnel. The routing of portable supply 
conductors, the making and breaking of supply connectors 
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and other supply connections, and the energization and de¬ 
energization of supply services shall be performed by quali¬ 
fied personnel, and portable switchboards shall be so 
marked, indicating this requirement in a permanent and 
conspicuous manner. 

Exception: A portable switchboard shall be permitted to 
be connected to a permanently installed supply receptacle 
by other than qualified personnel, provided that the supply 
receptacle is protected for its current rating by an overcur¬ 
rent device of not greater than 150 amperes, and where the 
receptacle, interconnection, and switchboard comply with 
all of the following: 


520.63 Bracket Fixture Wiring. 

(A) Bracket Wiring. Brackets for use on scenery shall be 
wired internally, and the fixture stem shall be carried 
through to the back of the scenery where a bushing shall be 
placed on the end of the stem. Externally wired brackets or 
other fixtures shall be permitted where wired with cords 
designed for hard usage that extend through scenery and 
without joint or splice in canopy of fixture back and termi¬ 
nate in an approved-type stage connector located, where 
practical, within 450 mm (18 in.) of the fixture. 

(B) Mounting. Fixtures shall be securely fastened in place. 


(a) Employ listed multipole connectors suitable for the 
purpose for every supply interconnection 

(b) Prevent access to all supply connections by the 
general public 

(c) Employ listed extra-hard usage multiconductor 
cords or cables with an ampacity not less than the load and 
not less than the ampere rating of the connectors. 

V. Portable Stage Equipment Other Than 
Switchboards 

520.61 Arc Lamps. Arc lamps, including enclosl 
lamps and associated ballasts, shall be listed. Interco: 
ing cord sets and interconnecting cords and cables sha] 
extra-hard usage type and listed. 


520.62 Portable Power 

power distribution units 
through (E). 

(A) Enclosure. The co 
current-carrying part wf 


Distrib 

shall co 




that no 


(B) Receptacles and Overcurrent Protection. Recep¬ 
tacles shall comply with 520.45 and shall have branch- 
circuit overcurrent protection in tnW>ox. Fuses and circuit 
breakers shall be protected against physical damage. Flex¬ 
ible cords or cables supplying pendant receptacles or cord 
connectors shall be listed for extra-hard usage. 

(C) Busbars and Terminals. Busbars shall have an am¬ 
pacity equal to the sum of the ampere ratings of all the 
circuits connected to the busbar. Lugs shall be provided for 
the connection of the master cable. 

(D) Flanged Surface Inlets. Flanged surface inlets (re¬ 
cessed plugs) that are used to accept the power shall be 
rated in amperes. 

(E) Cable Arrangement. Cables shall be adequately pro¬ 
tected where they pass through enclosures and be arranged 
so that tension on the cable is not transmitted to the termi¬ 
nations. 


520.64 Portable Strips. Portable strips shall be con¬ 
structed in accordance with the requirements for border 
lights and proscenium sidelights in 520.44(A). The supply 
cable shall be protected by bushings where it passes 
through^ metal and shall be arranged so that tension on the 
ansmitted to the connections. 



Informational Non 
ips. 


. 1: See 520.42 for wiring of por- 


fmational Note No. 2: See 520.68(A)(3) for insulation 
es required on single conductors. 


estoons. Joints in festoon wiring shall be stag- 
Where such lampholders have terminals of a type 
puncture the insulation and make contact with the con¬ 
ductors, they shall be attached only to conductors of the 
stranded type. Lamps enclosed in lanterns or similar de¬ 
vices of combustible material shall be equipped with 
guards. 

520.66 Special Effects. Electrical devices used for simu¬ 
lating lightning, waterfalls, and the like shall be constructed 
and located so that flames, sparks, or hot particles cannot 
come in contact with combustible material. 

520.67 Multipole Branch-Circuit Cable Connectors. 

Multipole branch-circuit cable connectors, male and fe¬ 
male, for flexible conductors shall be constructed so that 
tension on the cord or cable is not transmitted to the con¬ 
nections. The female half shall be attached to the load end 
of the power supply cord or cable. The connector shall be 
rated in amperes and designed so that differently rated de¬ 
vices cannot be connected together; however, a 20-ampere 
T-slot receptacle shall be permitted to accept a 15-ampere 
attachment plug of the same voltage rating. Alternating- 
current multipole connectors shall be polarized and comply 
with 406.7 and 406.10. 

Informational Note: See 400.10 for pull at terminals. 

520.68 Conductors for Portables. 

(A) Conductor Type. 
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(1) General. Flexible conductors, including cable exten¬ 
sions, used to supply portable stage equipment shall be 
listed extra-hard usage cords or cables. 

(2) Stand Lamps. Listed, hard usage cord shall be permit¬ 
ted to supply stand lamps where the cord is not subject to 
physical damage and is protected by an overcurrent device 
rated at not over 20 amperes. 


Table 520.44. Maximum load current in any conductor with 
an ampacity determined by Table 520.44 shall not exceed 
the values in Table 520.44. 

Exception: Where alternate conductors are allowed in 
520.68(A)(3), their ampacity shall he as given in the appro¬ 
priate table in this Code for the types of conductors 
employed. 


(3) Luminaire Supply Cords. Listed, hard-usage supply 
cords shall be permitted to supply luminaires when all of 
the following conditions are met: 

(1) The supply cord is not longer than 1.0 m (3.3 feet) 

(2) The supply cord is attached at one end to the luminaire 
or a luminaire-specific listed connector that mates with 
a panel-mounted inlet on the body of the luminaire 

(3) The supply cord is protected by an overcurrent protec¬ 
tive device of not not more than 20 amperes 

(4) The luminaire is listed 

(5) The supply cord is not subject to physical damage. 

[ROP 15-117] 

(4) High-Temperature Applications. A special assembly 
of conductors in sleeving not longer than 1.0 m (3.3 ft) 
shall be permitted to be employed in lieu of flexible cord i: 
the individual wires are stranded and rated not less than 
125°C (257°F) and the outer sleeve is glass fibe r .wi th a 
wall thickness of at least 0.635 mm (0.025 in.) 

Portable stage equipment requiring flexible supply 
ductors with a higher temperature rating where one 
permanently attached to the equipment shall be permitted to 
employ alternate, suitable conductors as determined, by a 
qualified testing laboratory and recognized tesfc standards. 



(junior hard service) 
emblies where all of 


(5) Breakouts. Listed, hard 
cords shall be permitted in breakoi 
the following conditions are met: 

(1) The cords are utilized to connect between a single mul¬ 
tipole connector containing two or more branch circuits 
and multiple 2-pole, 3-wire connectors. 

(2) The longest cord in the breakout assembly does not 
exceed 6.0 m (20 ft). 

(3) The breakout assembly is protected from physical dam¬ 
age by attachment over its entire length to a pipe, truss, 
tower, scaffold, or other substantial support structure. 

(4) All branch circuits feeding the breakout assembly are 
protected by overcurrent devices rated at not over 20 
amperes. 


520.69 Adapters. Adapters, two-fers, and other single- 
and multiple-circuit outlet devices shall comply with 
520.69(A), (B), and (C). 

(A) No Reduction in Current Rating. Each receptacle 
and its corresponding cable shall have the same current and 
voltage rating as the plug supplying it. It shall not be uti¬ 
lized in a stage circuit with a greater current rating. 



.connectors shall be wired in accor- 


(B) Conneci 
dance witk.550.67. 


(C) iHonductor Type. Cone iuctors for adapters and two- 
fers shall be listed extra-hard usage or listed hard usage 
(junior hard service) cord. Hard usage (junior hard service) 
cord shall be restricted in overall length to 1.0 m (3.3 ft). 

)P 15^1 



Dressing Rooms 

.71 Pendant Lampholders. Pendant lampholders shall 
be installed in dressing rooms. 


520.72 Lamp Guards. All exposed incandescent lamps in 
dressing rooms, where less than 2.5 m (8 ft) from the floor, 
shall be equipped with open-end guards riveted to the outlet 
box cover or otherwise sealed or locked in place. 

520.73 Switches Required. All lights and any receptacles 
adjacent to the mirror(s) and above the dressing table 
counter(s) installed in dressing rooms shall be controlled by 
wall switches installed in the dressing room(s). Each switch 
controlling receptacles adjacent to the mirror(s) and above 
the dressing table counter(s) shall be provided with a pilot 
light located outside the dressing room, adjacent to the door 
to indicate when the receptacles are energized. Other out¬ 
lets installed in the dressing room shall not be required to 
be switched. 

VII. Grounding 


(B) Conductor Ampacity. The ampacity of conductors 
shall be as given in 400.5, except multiconductor, listed, 
extra-hard usage portable cords that are not in direct con¬ 
tact with equipment containing heat-producing elements 
shall be permitted to have their ampacity determined by 


520.81 Grounding. All metal raceways and metal- 
sheathed cables shall be connected to an equipment ground¬ 
ing conductor. The metal frames and enclosures of all 
equipment, including border lights and portable luminaires, 
shall be connected to an equipment grounding conductor. 
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ARTICLE 522 

Control Systems for Permanent 
Amusement Attractions 


I. General 

522.1 Scope. This article covers the installation of control 
circuit power sources and control circuit conductors for 
electrical equipment, including associated control wiring in 
or on all structures, that are an integral part of a permanent 
amusement attraction. 

522.2 Definitions. 

Control Circuit. For the purposes of this article, the circuit 
of a control system that carries the electrical signals direct¬ 
ing the performance of the controller but does not carry the 
main power current. 

Entertainment Device. A mechanical or electromechanical 
device that provides an entertainment experience. 

Informational Note: These devices may include animated 
props, show action equipment, animated figures, and 
cial effects, coordinated with audio and lighting to pro 
an entertainment experience. 


Permanent Amusement Attraction. Ride devices 
tainment devices, or combination thereo^nat are install 
so that portability or relocation is impracticabL 


Ride Device. A device or combinatf 
carry, convey, or direct a person(s) over o 
or restricted course within a defined ar|& foi 
purpose of amusement or entertainment. 


devices tnat 
>ugh a fixed 
primary 


522.5 Voltage Limitations. Control .voltage shall be a 
maximum of 150 volts, nominal;ac to ground or 300 volts 
dc to ground. 


(2) Other Power-Limited Control Power Sources. 

Power-limited control power sources, other than transform¬ 
ers, shall be protected by overcurrent devices rated at not 
more than 167 percent of the volt-ampere rating of the 
source divided by the rated voltage. The fusible overcurrent 
devices shall not be interchangeable with fusible overcur¬ 
rent devices of higher ratings. The overcurrent device shall 
be permitted to be an integral part of the power source. 

To comply with the 1000 volt-ampere limitation of 
522.10(A), the maximum output of power sources, other 
than transformers, shall be limited to 2500 volt-amperes, 
and the product of the maximum current and maximum 
voltage shall not exceed 10,000 volt-amperes. These ratings 
shall be determined with any overcurrent-protective device 
bypassed. 


(B) Non-1 
limited 




er-Limited Control Circuits. Non-power- 
1 circuits shall not exceed 300 volts. The 
source shall not be required to be 


;rol Transformers. Transformers used to supply 
er-limited control circuits shall comply with the 
able sections within Parts I and II of Article 450. 

er Non-Power-Limited Control Power Sources. 

on-poWer-limitcd control power sources, other than trans- 
s, shall be protected by overcurrent devices rated at 
not more than 125 percent of the volt-ampere rating of the 
source divided by the rated voltage. The fusible overcurrent 
devices shall not be interchangeable with fusible overcur¬ 
rent devices of higher ratings. The overcurrent device shall 
be permitted to be an integral part of the power source. 

III. Control Circuit Wiring Methods 

522.20 Conductors, Busbars, and Slip Rings. Insulated 
control circuit conductors shall be copper and shall be per¬ 
mitted to be stranded or solid. Listed multiconductor cable 
assemblies shall be permitted. 


522.7 Maintenance. The conditions of maintenance and 
supervision shall ensure that only qualified persons service 
the permanent amusement attraction. 

II. Control Circuits 

522.10 Power Sources for Control Circuits. 

(A) Power-Limited Control Circuits. Power-limited con¬ 
trol circuits shall be supplied from a source that has a rated 
output of not more than 30 volts and 1000 volt-amperes. 


Exception No. 1: Busbars and slip rings shall be permitted 
to be materials other than copper. 

Exception No. 2: Conductors used as specific-purpose de¬ 
vices, such as thermocouples and resistive thermal devices, 
shall be permitted to be materials other than copper. 

522.21 Conductor Sizing. 

(A) Conductors Within a Listed Component or Assem¬ 
bly. Conductors of size 30 AWG or larger shall be permit¬ 
ted within a listed component or as part of the wiring of a 
listed assembly. 


(1) Control Transformers. Transformers used to supply 
power-limited control circuits shall comply with the appli¬ 
cable sections within Parts I and II of Article 450. 


(B) Conductors Within an Enclosure or Operator Sta¬ 
tion. Conductors of size 30 AWG or larger shall be permit¬ 
ted in a listed and jacketed multiconductor cable within an 
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enclosure or operator station. Conductors in a non-jacketed 
multiconductor cable, such as ribbon cable, shall not be 
smaller than 26 AWG. Single conductors shall not be 
smaller than 24 AWG. 

Exception: Single conductors 30 AWG or larger shall be 
permitted for jumpers and special wiring applications. 

(C) Conductors Outside of an Enclosure or Operator 
Station. The size of conductors in a listed and jacketed, 
multiconductor cable shall not be smaller than 26 AWG. 
Single conductors shall not be smaller than 18 AWG and 
shall be installed only where part of a recognized wiring 
method of Chapter 3. 


cuits shall be permitted to be installed with other circuits as 
specified in 522.24(A) and (B). 

(A) Two or More Control Circuits. Control circuits shall 
be permitted to occupy the same cable, cable tray, enclo¬ 
sure, or raceway without regard to whether the individual 
circuits are alternating current or direct current, provided 
all conductors are insulated for the maximum voltage of 
any conductor in the cable, cable tray, enclosure, or race¬ 
way. 

(B) Control Circuits with Power Circuits. Control cir¬ 
cuits shall be permitted to be installed with power conduc¬ 
tors as specified in 522.24(B)(1) through (B)(3). 


522.22 Conductor Ampacity. Conductors sized 16 AWG 
and smaller shall not exceed the continuous current values 
provided in Table 522.22. 


Table 522.22 Conductor Ampacity Based on Copper 
Conductors with 60°C and 75°C Insulation in an Ambient 
Temperature of 30°C 


Notes: 

1. For ambient temperatures other than 30°C, use Table 310.15(B)( 16) 
temperature correction factors. 

2. Ampacity adjustment for conductors with 90°C or greater insulation 
shall be based on ampacities in the 75°C column. 


522.23 Overcurrent Protection for Conductors. Conduc¬ 
tors 30 AWG through 16 AWG shall have overcurrent pro¬ 
tection in accordance with the appropriate conductor am¬ 
pacity in Table 522.22. Conductors larger than 16 AWG 
shall have overcurrent protection in accordance with the 
appropriate conductor ampacity in Table 310.15(B)(16). 

522.24 Conductors of Different Circuits in the Same 
Cable, Cable Tray, Enclosure, or Raceway. Control cir¬ 


(1) In a Cable 

and power circu^ 
cable, enclosi 
powered is 




'Sure, or Raceway. Control circuits 
be permitted to occupy the same 
raceway only where the equipment 
associated. 


ctory- or Field-Assembled Control Centers. 

circuited and power circuits shall be permitted to be 
d in factory- or field-assembled control centers. 

nhole. Control circuits and power circuits shall 
be installed as underground conductors in a 
ordance with one of the following: 
er or control circuit conductors are in a metal- 
enclosed cable or Type UF cable. 

The conductors are permanently separated from the 
power conductors by a continuous firmly fixed noncon¬ 
ductor, such as flexible tubing, in addition to the insu¬ 
lation on the wire. 

The conductors are permanently and effectively sepa¬ 
rated from the power conductors and securely fastened 
to racks, insulators, or other approved supports. 

In cable trays, where the control circuit conductors and 
power conductors not functionally associated with 
them are separated by a solid fixed barrier of a material 
compatible with the cable tray, or where the power or 
control circuit conductors are in a metal-enclosed 
cable. 

522.25 Ungrounded Control Circuits. Separately derived 
ac and 2-wire dc circuits and systems 50 volts or greater 
shall be permitted to be ungrounded, provided that all the 
following conditions are met: 

(1) Continuity of control power is required for orderly 
shutdown. 

(2) Ground detectors are installed on the control system. 

522.28 Control Circuits in Wet Locations. Where wet 
contact is likely to occur, ungrounded 2-wire direct-current 
control circuits shall be limited to 30 volts maximum for 
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continuous dc or 12.4 volts peak for direct current that is 
interrupted at a rate of 10 to 200 Hz. 


for the conductors supplying the portable structure. Por¬ 
table structures included in 525.3(D) shall comply with 
Table 680.8. [ROP 15-120] 


ARTICLE 525 

Carnivals, Circuses, Fairs, and Similar 
Events 

I. General Requirements 

525.1 Scope. This article covers the installation of portable 
wiring and equipment for carnivals, circuses, fairs, and 
similar functions, including wiring in or on all structures. 

525.2 Definitions. 

Operator. The individual responsible for starting, stopping, 
and controlling an amusement ride or supervising a conces¬ 
sion. 

Portable Structures. Units designed to be moved includ¬ 
ing, but not limited to, amusement rides, attractions, con¬ 
cessions, tents, trailers, trucks, and similar units. 

525.3 Other Articles. 

(A) Portable Wiring and Equipment. 

quirements of other articles of this Co. 
differ, the requirements of Article 
portable wiring and equipment. 

(B) Permanent Structures, 

ply to wiring in permanent structure 

(C) Audio Signal Proces^g, Amp nation, and Repro¬ 
duction Equipment. Article M0 sh rpjih to the wiring 
and installation of audio signal pro i'ng, amplification, 
and reproduction equipment. 


(2) Over 600 Volts. Portable structures shall not be located 
under or within a space that is located 4.5 m (15 ft) hori¬ 
zontally and extending vertically to grade of conductors 
operating in excess of 600 volts. 

525.6 Protection of Electrical Equipment. Electrical 
equipment and wiring methods in or on portable structures 
shall be provided with mechanical protection where such 
equipment or wiring methods are subject to physical dam¬ 
age. 




s. Services shall comply with 525.10(A) 


II. Power 

525.1Q 

andIT 


Guarding. Service equipment shall not be installed in 
that is accessible to unqualified persons, unless 
jpment is lockable. 

unting and Location. Service equipment shall be 
astened to a solid backing and be installed so as 
irotected from the weather, unless of weatherproof 
construction. 


525.11 Multiple Sources of Supply. Where multiple ser¬ 
vices or separately derived systems, or both, supply por¬ 
table structures, the equipment grounding conductors of all 
the sources of supply that serve such structures separated 
by less than 3.7 m (12 ft) shall be bonded together at the 
portable structures. The bonding conductor shall be copper 
and sized in accordance with Table 250.122 based on the 
largest overcurrent device supplying the portable structures, 
but not smaller than 6 AWG. 


(D) Attractions Utilizing Pools, Fountains, and Similar 
Installations with Contained Volumes of Water. This 
equipment shall be installed to comply with the applicable 
requirements of Article 680. 

525.5 Overhead Conductor Clearances. 

(A) Vertical Clearances. Conductors shall have a vertical 
clearance to ground in accordance with 225.18. These 
clearances shall apply only to wiring installed outside of 
tents and concessions. 

(B) Clearance to Portable Structures. 

(1) 600 Volts (or Less). Portable structures shall be main¬ 
tained not less than 4.5 m (15 ft) in any direction from 
overhead conductors operating at 600 volts or less, except 


III. Wiring Methods 
525.20 Wiring Methods. 

(A) Type. Where flexible cords or cables are used, they 
shall be listed for extra-hard usage. Where flexible cords or 
cables are used and are not subject to physical damage, 
they shall be permitted to be listed for hard usage. Where 
used outdoors, flexible cords and cables shall also be listed 
for wet locations and shall be sunlight resistant. Extra-hard 
usage flexible cords or cables shall be permitted for use as 
permanent wiring on portable amusement rides and attrac¬ 
tions where not subject to physical damage. 

(B) Single-Conductor. Single-conductor cable shall be 
permitted only in sizes 2 AWG or larger. 
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(C) Open Conductors. Open conductors are prohibited 
except as part of a listed assembly or festoon lighting in¬ 
stalled in accordance with Article 225. 

(D) Splices. Flexible cords or cables shall be continuous 
without splice or tap between boxes or fittings. 

(E) Cord Connectors. Cord connectors shall not be laid 
on the ground unless listed for wet locations. Connectors 
and cable connections shall not be placed in audience traffic 
paths or within areas accessible to the public unless 
guarded. 

(F) Support. Wiring for an amusement ride, attraction, 
tent, or similar structure shall not be supported by any other 
ride or structure unless specifically designed for the pur¬ 
pose. 

(G) Protection. Flexible cords or cables accessible to the 
public shall be arranged to minimize the tripping hazard 
and shall be permitted to be covered with nonconductive 
matting, provided that the matting does not constitute a 
greater tripping hazard than the uncovered cables. It shall 
be permitted to bury cables. The requirements of 300.5 
shall not apply. 

(H) Boxes and Fittings. A box or fitting shall be installed 
at each connection point, outlet, switchpoint, or junction 
point. 


(A) Construction. Boxes shall be designed so that no live 
parts are exposed except when necessary for examination, 
adjustment, servicing, or maintenance by qualified persons. 
Where installed outdoors, the box shall be of weatherproof 
construction and mounted so that the bottom of the enclo¬ 
sure is not less than 150 mm (6 in.) above the ground. 

(B) Busbars and Terminals. Busbars shall have an am¬ 
pere rating not less than the overcurrent device supplying 
the feeder supplying the box. Where conductors terminate 
directly on busbars, busbar connectors shall be provided. 

(C) Receptacles and Overcurrent Protection. Recep¬ 
tacles shall have overcurrent protection installed within the 
box. The overcurrent protection shall not exceed the am¬ 
pere rating of the receptacle, except as permitted in Article 
430 for motor loads. 


525.21 Rides, Tents, and Concessions 

(A) Disconnecting Means. A 

portable structure from all ungrc^ 
provided. The disconnecting 
sight of and within 1.8 m (6 ft' 

The disconnecting means shall be 
operator, including when the ride is 




(D) Single- 

tors are ujkcl they s! 


ectors. Where single-pole connec- 
omply with 530.22. 


each 
^be 
lin 

operates station. 
Tble to the 
Kion. Where 


accessible to unqualified persons, the disconnecting means 
shall be lockable. A shunt trip device that opens the fused 
disconnect or circuit breaker when a switch located in the 
ride operator’s console is closed shall be a permissible 
method of opening the circuit. 

(B) Portable Wiring Inside Tents and Concessions. 

Electrical wiring for lighting, where installed inside of tents 
and concessions, shall be securely installed and, where sub¬ 
ject to physical damage, shall be provided with mechanical 
protection. All lamps for general illumination shall be pro¬ 
tected from accidental breakage by a suitable luminaire or 
lampholder with a guard. 

525.22 Portable Distribution or Termination Boxes. 

Portable distribution or termination boxes shall comply 
with 525.22(A) through (D). 


-Fault Circuit-Interrupter (GFCI) Pro- 

GFCI protection is provided through the 
receptacles, and the receptacles are supplied 
cord connection to the branch circuit, the as- 
listed as a portable ground fault circuit 

P 15-122] 

Where GFCI Protection Is Required. GFCI protec¬ 
tor personnel shall be provided for the following: 

All 125-volt, single-phase, 15- and 20-ampere non- 
locking-type receptacles used for disassembly and re¬ 
assembly or readily accessible to the general public 
(2) Equipment that is readily accessible to the general pub¬ 
lic and supplied from a 125-volt, single-phase, 15- or 
20-ampere branch circuit 

The ground-fault circuit-interrupter shall be permitted 
to be an integral part of the attachment plug or located in 
the power-supply cord within 300 mm (12 in.) of the at¬ 
tachment plug. Listed cord sets incorporating ground-fault 
circuit-interrupter for personnel shall be permitted. 

(B) Where GFCI Protection Is Not Required. Recep¬ 
tacles that are not accessible from grade level and that only 
facilitate quick disconnecting and reconnecting of electrical 
equipment shall not be required to be provided with GFCI 
protection. These receptacles shall be of the locking type. 

(C) Where GFCI Protection Is Not Permitted. Egress 
lighting shall not be protected by a GFCI. 

IV. Grounding and Bonding 

525.30 Equipment Bonding. The following equipment 
connected to the same source shall be bonded: 
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(1) Metal raceways and metal-sheathed cable 

(2) Metal enclosures of electrical equipment 

(3) Metal frames and metal parts of portable structures, 
trailers, trucks, or other equipment that contain or sup¬ 
port electrical equipment 

The equipment grounding conductor of the circuit sup¬ 
plying the equipment in items (1), (2) or (3) that is likely to 
energize the metal frame or part shall be permitted to serve 
as the bonding means. 

525.31 Equipment Grounding. All equipment to be 
grounded shall be connected to an equipment grounding 
conductor of a type recognized by 250.118 and installed in 
accordance with Parts VI and VII of Article 250. The 
equipment grounding conductor shall be connected to the 
system grounded conductor at the service disconnecting 
means or, in the case of a separately derived system such as 
a generator, at the generator or first disconnecting means 
supplied by the generator. The grounded circuit conductor 
shall not be connected to the equipment grounding conduc¬ 
tor on the load side of the service disconnecting means or 
on the load side of a separately derived system disconnect¬ 
ing means. 

525.32 Equipment Grounding Conductor Con 
Assurance. The continuity of the equipment groui 
conductor system used to reduce electrical sh,Qjck hazan 
required by 250.114, 250.138, 406.4(C), and 590.4(D) 
be verified each time that portable electncal equipment 
connected. [ROP 15-126] 


Motion Picture and Televis 
and Similar 




Studios 


I. General 

530.1 Scope. The requirements of this article shall apply to 
television studios and motion picture studios using either 
film or electronic cameras, except as provided in 520.1, and 
exchanges, factories, laboratories, stages, or a portion of the 
building in which film or tape more than 22 mm (Vs in.) in 
width is exposed, developed, printed, cut, edited, rewound, 
repaired, or stored. 

Informational Note: For methods of protecting against cel¬ 
lulose nitrate film hazards, see NFPA 40-2011, Standard for 
the Storage and Handling of Cellulose Nitrate Film. 

530.2 Definitions. 

Alternating-Current Power Distribution Box 
(Alternating-Current Plugging Box, Scatter Box). An ac 


distribution center or box that contains one or more 
grounding-type polarized receptacles that may contain 
overcurrent protective devices. 

Bull Switch. An externally operated wall-mounted safety 
switch that may or may not contain overcurrent protection 
and is designed for the connection of portable cables and 
cords. 

Location (Shooting Location). A place outside a motion 
picture studio where a production or part of it is filmed or 
recorded. 

Location Board (Deuce Board). Portable equipment con¬ 
taining a lighting contactor or contactors and overcurrent 
protection designed for remote control of stage lighting. 

Motion Picture Studio (Lot). A building or group of 
buildings and other structures designed, constructed, or per¬ 
manently altered for use by the entertainment industry for 
the^Rurpose of motion picture or television production. 

figging Box. A dc device consisting of one or more 
2-pole, 2-wire, nonpolarized, nongrounding-type recep- 
ntended to be used on dc circuits only. 

Portable Equipment. Equipment intended to be moved 
from one place to another. 

-Pole Separable Connector. A device that is in¬ 
stalled at the ends of portable, flexible, single-conductor 
cable that is used to establish connection or disconnection 
between two cables or one cable and a single-pole, panel- 
mounted separable connector. 

Spider (Cable Splicing Block). A device that contains bus¬ 
bars that are insulated from each other for the purpose of 
splicing or distributing power to portable cables and cords 
that are terminated with single-pole busbar connectors. 

Stage Effect (Special Effect). An electrical or electrome¬ 
chanical piece of equipment used to simulate a distinctive 
visual or audible effect such as wind machines, lightning 
simulators, sunset projectors, and the like. 

Stage Property. An article or object used as a visual ele¬ 
ment in a motion picture or television production, except 
painted backgrounds (scenery) and costumes. 

Stage Set. A specific area set up with temporary scenery 
and properties designed and arranged for a particular scene 
in a motion picture or television production. 

Stand Lamp (Work Light). A portable stand that contains 
a general-purpose luminaire or lampholder with guard for 
the purpose of providing general illumination in the studio 
or stage. 

Television Studio or Motion Picture Stage (Sound 
Stage). A building or portion of a building usually insulated 
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from the outside noise and natural light for use by the 
entertainment industry for the purpose of motion picture, 
television, or commercial production. 

530.6 Portable Equipment. Portable stage and studio 
lighting equipment and portable power distribution equip¬ 
ment shall be permitted for temporary use outdoors if the 
equipment is supervised by qualified personnel while ener¬ 
gized and barriered from the general public. 

II. Stage or Set 


erable switch shall be permitted to simultaneously discon¬ 
nect all the contactors on any one location board, where 
located at a distance of not more than 1.8 m (6 ft) from the 
location board. 

530.14 Plugging Boxes. Each receptacle of dc plugging 
boxes shall be rated at not less than 30 amperes. 

530.15 Enclosing and Guarding Live Parts. 

(A) Live Parts. Live parts shall be enclosed or guarded to 
prevent accidental contact by persons and objects. 


530.11 Permanent Wiring. The permanent wiring shall be 
Type MC cable. Type AC cable containing an insulated 
equipment grounding conductor sized in accordance with 
Table 250.122, Type MI cable, or in approved raceways. 

Exception: Communications circuits; audio signal pro¬ 
cessing, amplification, and reproduction circuits; Class 1, 
Class 2, and Class 3 remote-control or signaling circuits 
and power-limited fire alarm circuits shall be permitted to 
be wired in accordance with Articles 640, 725, 760, and 
800. 

530.12 Portable Wiring. 

(A) Stage Set Wiring. The wiring for stage set lighting 
and other supply wiring not fixed as to location shall be 
done with listed hard usage flexible cords 
Where subject to physical damage, such 
listed extra-hard usage flexible cords and c, 
taps in cables shall be permitted if the total 
does not exceed the maximum ampacifcof the 

(B) Stage Effects and Electrical Equipment l sect* as 
Stage Properties. The wiring for stage effects and electri¬ 
cal equipment used as stage properties shall be permitted to 
be wired with single- or multiconductor listed flexible cords 
or cables if the conductors are protected from physical 
damage and secured to the scenery by approved cable ties 
or by insulated staples. Splices or taps shall be permitted 
where such are made with listed devices and the circuit is 
protected at not more than 20 amperes. 



(B) Switches. All switches shall be of the externally oper¬ 
able type. 

(C) Rheostats. Rheostats shall be placed in approved cases 
or cabinets that enclose all live parts, having only the op¬ 
erating handladW^fied. 

(D) Current-Carrying Parts. Current-carrying parts of 
bull switches, location bOT®k, spiders, and plugging boxes 
shall be enclosed, guarded, or located so that persons can¬ 
not accidentally come into contact with them or bring con- 

into contact with them. 

Portable Luminaires. Portable luminaires and 
hall be equipped with flexible cords, compo- 
or metal-sheathed porcelain sockets, and substantial 


veption: Portable luminaires used as properties in a 
r tnotion picture set or television stage set, on a studio stage 
or lot, or on location shall not be considered to be portable 
luminaires for the purpose of this section. 


530.17 Portable Arc Lamps. 

(A) Portable Carbon Arc Lamps. Portable carbon arc 
lamps shall be substantially constructed. The arc shall be 
provided with an enclosure designed to retain sparks and 
carbons and to prevent persons or materials from coming 
into contact with the arc or bare live parts. The enclosures 
shall be ventilated. All switches shall be of the externally 
operable type. 



(C) Other Electrical Equipment. Cords and cables other 
than extra-hard usage, where supplied as a part of a listed 
assembly, shall be permitted. 

530.13 Stage Lighting and Effects Control. Switches 
used for studio stage set lighting and effects (on the stages 
and lots and on location) shall be of the externally operable 
type. Where contactors are used as the disconnecting means 
for fuses, an individual externally operable switch, suitably 
rated, for the control of each contactor shall be located at a 
distance of not more than 1.8 m (6 ft) from the contactor, in 
addition to remote-control switches. A single externally op¬ 


(B) Portable Noncarbon Arc Electric-Discharge Lamps. 

Portable noncarbon arc lamps, including enclosed arc 
lamps, and associated ballasts shall be listed. Interconnect¬ 
ing cord sets and interconnecting cords and cables shall be 
extra-hard usage type and listed. 

530.18 Overcurrent Protection — General. Automatic 
overcurrent protective devices (circuit breakers or fuses) 
for motion picture studio stage set lighting and the stage 
cables for such stage set lighting shall be as given in 
530.18(A) through (G). The maximum ampacity allowed 
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on a given conductor, cable, or cord size shall be as given 
in the applicable tables of Articles 310 and 400. 

(A) Stage Cables. Stage cables for stage set lighting shall 
be protected by means of overcurrent devices set at not 
more than 400 percent of the ampacity given in the appli¬ 
cable tables of Articles 310 and 400. 


boxes shall be by means of plugs containing two cartridge 
fuses not larger than 20 amperes, or they shall be permitted 
to be connected to special outlets on circuits protected by 
fuses or circuit breakers rated at not over 20 amperes. Plug 
fuses shall not be used unless they are on the load side of 
the fuse or circuit breakers on the location boards. 


(B) Feeders. In buildings used primarily for motion pic¬ 
ture production, the feeders from the substations to the 
stages shall be protected by means of overcurrent devices 
(generally located in the substation) having a suitable am¬ 
pere rating. The overcurrent devices shall be permitted to 
be multipole or single-pole gang operated. No pole shall be 
required in the neutral conductor. The overcurrent device 
setting for each feeder shall not exceed 400 percent of the 
ampacity of the feeder, as given in the applicable tables of 
Article 310. 

(C) Cable Protection. Cables shall be protected by bush¬ 
ings where they pass through enclosures and shall be ar¬ 
ranged so that tension on the cable is not transmitted to the 
connections. Where power conductors pass through metal, 
the requirements of 300.20 shall apply. 

Portable feeder cables shall be permitted to temporarily 
penetrate fire-rated walls, floors, or ceilings provide 
all of the following apply: 

(1) The opening is of noncombustible materi| 

(2) When in use, the penetration is sealeg 
seal of a listed firestop material. 

(3) When not in use, the opening shall be 
material of equivalent fire rating. 


irtion of Stage Set Lighting Load 
hich Demand Factor Applied 
(volt-amperes) 


(D) Location Boards. Overcurrent 
cuit breakers) shall be provided 
Fuses in the location boa: 
not over 400 percent of the 
the location boards and the plu 



530.19 Sizing of Feeder Conductors for Television Stu¬ 
dio Sets. 

(A) General. It shall be permissible to apply the demand 
factors listed in Table 530.19(A) to that portion of the 
maximum possible connected load for studio or stage set 
lighting for all permanently installed feeders between sub¬ 
stations and stages and to all permanently installed feeders 
between the gain stage switchboard and stage distribution 
centers or location boards. 

eeders. A demand factor of 50 percent of 
connected load shall be permitted for all 


Table »i.!9(A) Demand Factors for Stage Set Lighting 


Feeder Demand 
Factor 

(%) 


Firsr50,000 or less at 
From 50,001 to 100,000 at 
From 100,001 to 200,000 at 
Remaining over 200,000 at 


100 

75 

60 

50 


ption (ruses or cir- 
docatiwn boards, 
ampere rating of 
cables between 


(E) Plugging Boxes. Cables and cords supplied through 
plugging boxes shall be of copper. Cables and cords smaller 
than 8 AWG shall be attached to the plugging box by means 
of a plug containing two cartridge fuses or a 2-pole circuit 
breaker. The rating of the fuses or the setting of the circuit 
breaker shall not be over 400 percent of the rated ampacity 
of the cables or cords as given in the applicable tables of 
Articles 310 and 400. Plugging boxes shall not be permitted 
on ac systems. 

(F) Alternating-Current Power Distribution Boxes. 

Alternating-current power distribution boxes used on sound 
stages and shooting locations shall contain connection re¬ 
ceptacles of a polarized, grounding type. 

(G) Lighting. Work lights, stand lamps, and luminaires 
rated 1000 watts or less and connected to dc plugging 


530.20 Grounding. Type MC cable, Type MI cable, Type 
AC cable containing an insulated equipment grounding 
conductor, metal raceways, and all non-current-carrying 
metal parts of appliances, devices, and equipment shall be 
connected to an equipment grounding conductor. This shall 
not apply to pendant and portable lamps, to portable stage 
lighting and stage sound equipment, or to other portable 
and special stage equipment operating at not over 150 volts 
dc to ground. 

530.21 Plugs and Receptacles. 

(A) Rating. Plugs and receptacles, including cord connec¬ 
tors and flanged surface devices, shall be rated in amperes. 
The voltage rating of the plugs and receptacles shall be not 
less than the nominal circuit voltage. Plug and receptacle 
ampere ratings for ac circuits shall not be less than the 
feeder or branch-circuit overcurrent device ampere rating. 
Table 210.21(B)(2) shall not apply. 

(B) Interchangeability. Plugs and receptacles used in por¬ 
table professional motion picture and television equipment 
shall be permitted to be interchangeable for ac or dc use on 
the same premises, provided they are listed for ac/dc use 
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and marked in a suitable manner to identify the system to 
which they are connected. 

530.22 Single-Pole Separable Connectors. 

(A) General. Where ac single-pole portable cable connec¬ 
tors are used, they shall be listed and of the locking type. 
Sections 400.10, 406.7, and 406.8 shall not apply to listed 
single-pole separable connections and single-conductor 
cable assemblies utilizing listed single-pole separable con¬ 
nectors. Where paralleled sets of current-carrying single¬ 
pole separable connectors are provided as input devices, 
they shall be prominently labeled with a warning indicating 
the presence of internal parallel connections. The use of 
single-pole separable connectors shall comply with at least 
one of the following conditions: 

(1) Connection and disconnection of connectors are only 
possible where the supply connectors are interlocked to 
the source and it is not possible to connect or discon¬ 
nect connectors when the supply is energized. 

(2) Line connectors are of the listed sequential-interlocking 
type so that load connectors shall be connected in the 
following sequence: 

a. Equipment grounding conductor connection 

b. Grounded circuit conductor connection, if provided’ 

c. Ungrounded conductor connection, and that discon¬ 
nection shall be in the reverse order 

(3) A caution notice shall be provided adjacent to the 
connectors, indicating that plug connection shall „ 
the following order: 

a. Equipment grounding conductor cc 

b. Grounded circuit-conductorjeonnectorskif pf 

c. Ungrounded conductor connectors, and that 
nection shall be in the reverse order 

(B) Interchangeability. Single-pole separable connectors 
used in portable professional motion picH^rind television 
equipment shall be permitted to be interchangeable for ac 
or dc use or for different current ratings on the same pre¬ 
mises, provided they are listed for ac/dc use and marked in 
a suitable manner to identify the system to which they are 
connected. 

530.23 Branch Circuits. A branch circuit of any size sup¬ 
plying one or more receptacles shall be permitted to supply 
stage set lighting loads. 


IV. Viewing, Cutting, and Patching Tables 

530.41 Lamps at Tables. Only composition or metal- 
sheathed, porcelain, keyless lampholders equipped with 
suitable means to guard lamps from physical damage and 
from film and film scrap shall be used at patching, viewing, 
and cutting tables. 


V. Cellulose Nitrate Film Storage Vaults 

530.51 Lamps in Cellulose Nitrate Film Storage Vaults. 

Lamps in cellulose nitrate film storage vaults shall be in¬ 
stalled in rigid luminaires of the glass-enclosed and gas¬ 
keted type. Lamps shall be controlled by a switch having a 
pole in each ungrounded conductor. This switch shall be 
located outside of the vault and provided with a pilot light 
to indicate whether the switch is on or off. This switch shall 
disconnect from all sources of supply all ungrounded con¬ 
ductors tenninating in any outlet in the vault. 

lectrical Equipment in Cellulose Nitrate Film 
e Vaults. Except as permitted in 530.51, no recep- 
s, heaters, portable lights, or other portable 
uipment shall be located in cellulose nitrate 
storage vaults. Electric motors shall be permitted, pro- 
arelisted for the application and comply with 
fClass I, Division 2. 


Substations 

530.61 Substations. Wiring and equipment of over 1000 
volts, nominal, shall comply with Article 490. [ROP 15- 
129] 

530.62 Portable Substations. Wiring and equipment in 
portable substations shall conform to the sections applying 
to installations in permanently fixed substations, but, due to 
the limited space available, the working spaces shall be 
permitted to be reduced, provided that the equipment shall 
be arranged so that the operator can work safely and so that 
other persons in the vicinity cannot accidentally come into 
contact with current-carrying parts or bring conducting ob¬ 
jects into contact with them while they are energized. 

530.63 Overcurrent Protection of Direct-Current Gen¬ 
erators. Three-wire generators shall have overcurrent pro¬ 
tection in accordance with 445.12(E). 


III. Dressing Rooms 

530.31 Dressing Rooms. Fixed wiring in dressing rooms 
shall be installed in accordance with the wiring methods 
covered in Chapter 3. Wiring for portable dressing rooms 
shall be approved. 


530.64 Direct-Current Switchboards. 

(A) General. Switchboards of not over 250 volts dc be¬ 
tween conductors, where located in substations or switch¬ 
board rooms accessible to qualified persons only, shall not 
be required to be dead-front. 
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(B) Circuit Breaker Frames. Frames of dc circuit break¬ 
ers installed on switchboards shall not be required to be 
connected to an equipment grounding conductor. 


ARTICLE 540 

Motion Picture Projection Rooms 


I. General 

540.1 Scope. The provisions of this article apply to motion 
picture projection rooms, motion picture projectors, and as¬ 
sociated equipment of the professional and nonprofessional 
types using incandescent, carbon arc, xenon, or other light 
source equipment that develops hazardous gases, dust, or 
radiation. 

Informational Note: For further information, see NFPA 
40-2011, Standard for the Storage and Handling of Cellu¬ 
lose Nitrate Film. 

540.2 Definitions. 

Nonprofessional Projector. Nonprofessional project 
those types other than as described in 540.2. 

Professional Projector. A type of projector using 
70-mm film that has a minimum width of,35 mm (IVs 
and has on each edge 212 perforations^flrmeter (5.4 pe 1 
forations per inch), or a type using carbon arojpkmon 
other light source equipment that deve 
dust, or radiation. 


II. Equipment and Pr< ifessmnal Type 




540.10 Motion Picture Projection Room Required. Ev¬ 
ery professional-type projector shall be located within a 
projection room. Every projection room shall be of perma¬ 
nent construction, approved for the type of building in 
which the projection room is located. All projection ports, 
spotlight ports, viewing ports, and similar openings shall be 
provided with glass or other approved material so as to 
completely close the opening. Such rooms shall not be con¬ 
sidered as hazardous (classified) locations as defined in Ar¬ 
ticle 500. 

Informational Note: For further information on protecting 
openings in projection rooms handling cellulose nitrate mo¬ 
tion picture film, see NFPA 101- 2009, Life Safety Code. 

540.11 Location of Associated Electrical Equipment. 

(A) Motor Generator Sets, Transformers, Rectifiers, 
Rheostats, and Similar Equipment. Motor-generator sets, 
transformers, rectifiers, rheostats, and similar equipment for 
the supply or control of current to projection or spotlight 


equipment shall, where nitrate film is used, be located in a 
separate room. Where placed in the projection room, they 
shall be located or guarded so that arcs or sparks cannot 
come in contact with film, and the commutator end or ends 
of motor generator sets shall comply with one of the con¬ 
ditions in 540.11(A)(1) through (A)(6). 

(1) Types. Be of the totally enclosed, enclosed fan-cooled, 
or enclosed pipe-ventilated type. 

(2) Separate Rooms or Housings. Be enclosed in separate 
rooms or housings built of noncombustible material con¬ 
structed so as to exclude flyings or lint with approved ven¬ 
tilation from a source of clean air. 

(3) Solid Metal Covers. Have the brush or sliding-contact 
end of motor-generator enclosed by solid metal covers. 


(4) Tig 

tacts 




etal Housings. Have brushes or sliding con- 
substantial, tight metal housings. 


pper and Loner Half Enclosures. Have the upper 
f of the brusfnor sliding-contact end of the motor- 
enclosed by a wire screen or perforated metal and 
half enclosed by solid metal covers. 

(6). Wire Screens or Perforated Metal. Have wire screens 
or perforated metal placed at the commutator of brush ends, 
mension of any opening in the wire screen or perfo- 
metal shall exceed 1.27 mm (0.05 in.), regardless of 
the shape of the opening and of the material used. 

(B) Switches, Overcurrent Devices, or Other Equip¬ 
ment. Switches, overcurrent devices, or other equipment 
not normally required or used for projectors, sound repro¬ 
duction, flood or other special effect lamps, or other equip¬ 
ment shall not be installed in projection rooms. 

Exception No. 1: In projection rooms approved for use 
only with cellulose acetate (safety) film, the installation of 
appurtenant electrical equipment used in conjunction with 
the operation of the projection equipment and the con trol of 
lights, curtains, and audio equipment, and so forth, shall be 
permitted. In such projection rooms, a sign reading “Safety 
Film Only Permitted in This Room” shall be posted on the 
outside of each projection room door and within the pro¬ 
jection room itself in a conspicuous location. 

Exception No. 2: Remote-control switches for the control 
of auditorium lights or switches for the control of motors 
operating curtains and masking of the motion picture 
screen shall be permitted to be installed in projection 


(C) Emergency Systems. Control of emergency systems 
shall comply with Article 700. 

540.12 Work Space. Each motion picture projector, flood¬ 
light, spotlight, or similar equipment shall have clear work- 
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ing space not less than 750 mm (30 in.) wide on each side 
and at the rear thereof. 

Exception: One such space shall be permitted between 
adjacent pieces of equipment. 

540.13 Conductor Size. Conductors supplying outlets for 
arc and xenon projectors of the professional type shall not 
be smaller than 8 AWG and shall have an ampacity not less 
than the projector current rating. Conductors for 
incandescent-type projectors shall conform to normal wir¬ 
ing standards as provided in 210.24. 

540.14 Conductors on Lamps and Hot Equipment. In¬ 
sulated conductors having a rated operating temperature of 
not less than 200°C (392°F) shall be used on all lamps or 
other equipment where the ambient temperature at the con¬ 
ductors as installed will exceed 50°C (122°F). 

540.15 Flexible Cords. Cords approved for hard usage, as 
provided in Table 400.4, shall be used on portable equip¬ 
ment. 

540.20 Listing Requirements. Projectors and enclosures 
for arc, xenon, and incandescent lamps and rectifiers, trans¬ 
formers, rheostats, and similar equipment shall be listed. 

540.21 Marking. Projectors and other equipment shall be 
marked with the manufacturer’s name or trademark and 
with the voltage and current for which they are des igne d in 
accordance with 110.21. 


III. Nonprofessional Projectors 

540.31 Motion Picture Projection 

Projectors of the nonprofessional fllpnnn 
employing cellulose acetate (safari film, sha] 
to be operated without a projection room. 

540.32 Listing Requirements. Proje 
be listed. 



iient shall 


545.2 Definitions. 

Building Component. Any subsystem, subassembly, or 
other system designed for use in or integral with or as part 
of a structure, which can include structural, electrical, me¬ 
chanical, plumbing, and fire protection systems, and other 
systems affecting health and safety. 

Building System. Plans, specifications, and documentation 
for a system of manufactured building or for a type or a 
system of building components, which can include struc¬ 
tural, electrical, mechanical, plumbing, and fire protection 
systems, and other systems affecting health and safety, and 
including such variations thereof as are specifically permit¬ 
ted by regulation, and which variations are submitted as 
part of the building system or amendment thereto. 

Closed Construction. Any building, building component, 
assembly, or system manufactured in such a manner that all 
concealed parts of processes of manufacture cannot be in¬ 
spected after installation at The building site without disas¬ 
sembly; damage, or destruction. 

Building. Any building that is of closed 
and is made or assembled in manufacturing 
ir off the building site for installation, or for 
stallation on the building site, other than 
homes, mobile homes, park trailers, or recre- 
nal vehicles. 


IV. Audio Signal Processing, Amplification, and 
Reproduction Equipment 


.4 Wiring Methods. 

(A) Methods Permitted. All raceway and cable wiring 
methods included in this Code and other wiring systems 
specifically intended and listed for use in manufactured 
buildings shall be permitted with listed fittings and with 
fittings listed and identified for manufactured buildings. 
[ROP 19-8] 

(B) Securing Cables. In closed construction, cables shall 
be permitted to be secured only at cabinets, boxes, or fit¬ 
tings where 10 AWG or smaller conductors are used and 
protection against physical damage is provided. 


540.50 Audio Signal Processing, Amplification, and Re¬ 
production Equipment. Audio signal processing, amplifi¬ 
cation, and reproduction equipment shall be installed as 
provided in Article 640. 


ARTICLE 545 
Manufactured Buildings 


545.1 Scope. This article covers requirements for a manu¬ 
factured building and building components as herein de¬ 
fined. 


545.5 Supply Conductors. Provisions shall be made to 
route the service-entrance, underground service conductors, 
service-lateral, feeder, or branch-circuit supply to the ser¬ 
vice or building disconnecting means conductors. [ROP 
19-9] 

545.6 Installation of Service-Entrance Conductors. 

Service-entrance conductors shall be installed after erection 
at the building site. 

Exception: Where point of attachment is known prior to 
manufacture. 
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545.7 Service Equipment. Service equipment shall be in- ing or adjacent areas of similar or like nature as specified in 
stalled in accordance with 230.70. 547.1(A) or (B). 


545.8 Protection of Conductors and Equipment. Protec¬ 
tion shall be provided for exposed conductors and equip¬ 
ment during processes of manufacturing, packaging, in 
transit, and erection at the building site. 

545.9 Boxes. 

(A) Other Dimensions. Boxes of dimensions other than 
those required in Table 314.16(A) shall be permitted to be 
installed where tested, identified, and listed to applicable 
standards. 


(A) Excessive Dust and Dust with Water. Agricultural 
buildings where excessive dust and dust with water may 
accumulate, including all areas of poultry, livestock, and 
fish confinement systems, where litter dust or feed dust, 
including mineral feed particles, may accumulate. 

(B) Corrosive Atmosphere. Agricultural buildings where 
a corrosive atmosphere exists. Such buildings include areas 
where the following conditions exist: 

(1) Poultry and animal excrement may cause corrosive va¬ 
pors. 


(B) Not Over 1650 cm 3 (100 in. 3 ). Any box not over 1650 
cm 3 (100 in. 3 ) in size, intended for mounting in closed 
construction, shall be affixed with anchors or clamps so as 
to provide a rigid and secure installation. 

545.10 Receptacle or Switch with Integral Enclosure. A 

receptacle or switch with integral enclosure and mounting 
means, where tested, identified, and listed to applicable 
standards, shall be permitted to be installed. 


545.11 Bonding and Grounding. Prewired panels 
building components shall provide for the bonding,! or 
bonding and grounding, of all exposed metals likely t< 
come energized, in accordance with Article 250, Parts 
VI, and VII. 



545.12 Grounding Electrode Condu 

be made to route a grounding electrode cWfidbctor from the 
service, feeder, or branch-circuit supply to the point of at¬ 
tachment to the grounding electrode. 

545.13 Component Interconnections. ^Fittings and con¬ 
nectors that are intended to Be concealed at the time of 
on-site assembly, where tested, identified, and listed to ap¬ 
plicable standards, shall be permitted for on-site intercon¬ 
nection of modules or other building components. Such 
fittings and connectors shall be equal to the wiring method 
employed in insulation, temperature rise, and fault-current 
withstand and shall be capable of enduring the vibration 
and minor relative motions occurring in the components of 
manufactured buildings. 



(2) Corrosive particles may combine with water. 

(3) The area is damp and wet by reason of periodic wash¬ 
ing fo«cleaning and sanitizing with water and cleans¬ 
ing 

dissimilar conditions exist. 

47.2 Definitions. 

ution Point. An electrical supply point from which 
ce drops, service conductors, feeders, or branch cir¬ 
cuits tiiL buildings or structures utilized under single man- 
„emcnt arc supplied. 

Informational Note No. 1: Distribution points are also 
known as the center yard pole, meterpole, or the common 
distribution point. 

Informational Note No. 2: The service point as defined in 
Article 100 is typically at the distribution point. 

Equipotential Plane. An area where wire mesh or other 
conductive elements are embedded in or placed under con¬ 
crete, bonded to all metal structures and fixed nonelectrical 
equipment that may become energized, and connected to 
the electrical grounding system to minimize a difference in 
voltage from developing within the plane. [ROP 19-lla] 

Site-Isolating Device. A disconnecting means installed at 
the distribution point for the purposes of isolation, system 
maintenance, emergency disconnection, or connection of 
optional standby systems. 

547.3 Other Articles. For buildings and structures not 
having conditions as specified in 547.1, the electrical instal¬ 
lations shall be made in accordance with the applicable 
articles in this Code. 


ARTICLE 547 
Agricultural Buildings 

547.1 Scope. The provisions of this article shall apply to 
the following agricultural buildings or that part of a build- 


547.4 Surface Temperatures. Electrical equipment or de¬ 
vices installed in accordance with the provisions of this 
article shall be installed in a manner such that they will 
function at full rating without developing surface tempera¬ 
tures in excess of the specified normal safe operating range 
of the equipment or device. 
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547.5 Wiring Methods. 

(A) Wiring Systems. Types UF, NMC, copper SE cables, 
jacketed Type MC cable, rigid nonmetallic conduit, liq- 
uidtight flexible nonmetallic conduit, or other cables or 
raceways suitable for the location, with approved termina¬ 
tion fittings, shall be the wiring methods employed. The 
wiring methods of Article 502, Part II, shall be permitted 
for areas described in 547.1(A). 


(E) Physical Protection. All electrical wiring and equip¬ 
ment subject to physical damage shall be protected. 

(F) Separate Equipment Grounding Conductor. Where 
an equipment grounding conductor is installed within a lo¬ 
cation falling under the scope of Article 547, it shall be a 
copper conductor. Where an equipment grounding conduc¬ 
tor is installed underground, it shall be insulated or covered 
copper. 


Informational Note: See 300.7, 352.44, and 355.44 for 
installation of raceway systems exposed to widely different 
temperatures. 

(B) Mounting. All cables shall be secured within 200 mm 
(8 in.) of each cabinet, box, or fitting. Nonmetallic boxes, 
fittings, conduit, and cables shall be permitted to be 
mounted directly to any building surface covered by this 
article without maintaining the 6 mm (14 in.) airspace in 
accordance with 300.6(D). 

(C) Equipment Enclosures, Boxes, Conduit Bodies, and 
Fittings. 

(1) Excessive Dust. Equipment enclosures, boxes, conduit 
bodies, and fittings installed in areas of buildings where, 
excessive dust may be present shall be designed to mini 
mize the entrance of dust and shall have no openings (such 
as holes for attachment screws) through which di 
enter the enclosure. 


(2) Damp or Wet Locations. In damp 
equipment enclosures, boxes, conduit bodie 
shall be placed or equipped so as to prevent moisture from 
entering or accumulating within theBiclostifcbox^onduit 
body, or fitting. In wet locations, including normally dry or 
damp locations where surfaces are periodically washed or 
sprayed with water, boxes, conduiubodms, an clottings shall 
be listed for use in wet locations and equipment enclosures 
shall be weatherproof. 


(G) Receptacles. All 125-volt, single-phase, 15- and 20- 
ampere general-purpose receptacles installed in the loca¬ 
tions listed in (1) through (4) shall have ground-fault 
circuit-interrupter protection: 

(1) Areas having an equipotential plane 

(2) Outdoors 

(3) Damp or wfl ations 

(4) Dirt confiner iareas for livestock 




Circuit Breakers, Control- 

Switches^fncluding pushbuttons, relays, 
ices, receptacles, circuit breakers, control- 
es, shall be provided with enclosures as speci- 
C). 

s. Motors and other rotating electrical ma- 
1 be totally enclosed or designed so as to mini- 
the entrance of dust, moisture, or corrosive particles. 


shall comply with 


.8 Luminaires. Luminaires 
.8(A) through (C). 


(A) Minimize the Entrance of Dust. Luminaires shall be 
installed to minimize the entrance of dust, foreign matter, 
moisture, and corrosive material. 

(B) Exposed to Physical Damage. Luminaires exposed to 
physical damage shall be protected by a suitable guard. 


(3) Corrosive Atmosphere. Where wet dust, excessive 
moisture, corrosive gases or vapors, or other corrosive con¬ 
ditions may be present, equipment enclosures, boxes, con¬ 
duit bodies, and fittings shall have corrosion resistance 
properties suitable for the conditions. 

Informational Note No. 1: See Table 110.29 for appropri¬ 
ate enclosure type designations. 

Informational Note No. 2: Aluminum and magnetic fer¬ 
rous materials may corrode in agricultural environments. 

(D) Flexible Connections. Where necessary to employ 
flexible connections, dusttight flexible connectors, liq- 
uidtight flexible metal conduit, liquidtight flexible nonme¬ 
tallic conduit, or flexible cord listed and identified for hard 
usage shall be used. [ROP 19-17] 


(C) Exposed to Water. Luminaires exposed to water from 
condensation, building cleansing water, or solution shall be 
listed as suitable for use in wet locations. 

547.9 Electrical Supply to Building(s) or Structure(s) 
from a Distribution Point. A distribution point shall be 
permitted to supply any building or structure located on the 
same premises. The overhead electrical supply shall com¬ 
ply with 547.9(A) and (B), or with 547.9(C). The under¬ 
ground electrical supply shall comply with 547.9(C). 

(A) Site-Isolating Device. Site-isolating devices shall 
comply with 547.9(A)(1) through (A)(10). 

(1) Where Required. A site-isolating device shall be in¬ 
stalled at the distribution point where two or more build- 
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ings or structures are supplied from the distribution point. 

[ROP 19-20a] 

(2) Location. The site-isolating device shall be pole- 
mounted and be not less than the height above grade re¬ 
quired by 230.24 for the conductors it supplies. 

(3) Operation. The site-isolating device shall simulta¬ 
neously disconnect all ungrounded service conductors from 
the premises wiring. 

(4) Bonding Provisions. The site-isolating device enclo¬ 
sure shall be connected to the grounded circuit conductor 
and the grounding electrode system. 

(5) Grounding. At the site-isolating device, the system 
grounded conductor shall be connected to a grounding elec¬ 
trode system via a grounding electrode conductor. 

(6) Rating. The site-isolating device shall be rated for the 
calculated load as determined by Part V of Article 220. 

(7) Overcurrent Protection. The site-isolating device 
shall not be required to provide overcurrent protection. 

(8) Accessibility. The site-isolating device shall be capable 
of being remotely operated by an operating handle installed 
at a readily accessible location. The operating handl 
site-isolating device, when in its highest position, shdfLpof 
be more than 2.0 m (6 ft 7 in.) above grade or a working 
platform. 

(9) Series Devices. An additional si 
the premises wiring system shall noi 
site-isolating device meeting all applied 
this section is provided by the serving utilfi 
service requirements. 

(10) Marking. A site-is 
marked to identify it as a s 
ing shall be located on the ope 
adjacent thereto. 




be permanently 
ice. This mark- 
e or immediately 


(B) Service Disconnecting Means and Overcurrent Pro¬ 
tection at the Building(s) or Structure(s). Where the ser¬ 
vice disconnecting means and overcurrent protection are 
located at the building(s) or structure(s), the requirements 
of 547.9(B)(1) through (B)(3) shall apply. 

(1) Conductor Sizing. The supply conductors shall be 
sized in accordance with Part V of Article 220. 


(1) The equipment grounding conductor is not smaller than 
the largest supply conductor if of the same material, or 
is adjusted in size in accordance with the equivalent 
size columns of Table 250.122 if of different materials. 

(2) The equipment grounding conductor is connected to 
the grounded circuit conductor and the site-isolating 
device enclosure at the distribution point. [ROP 19-21] 

(C) Service Disconnecting Means and Overcurrent Pro¬ 
tection at the Distribution Point. Where the service dis¬ 
connecting means and overcurrent protection for each set of 
feeders or branch circuits are located at the distribution 
point, the feeders or branch circuits to buildings or struc¬ 
tures shall comply with the provisions of 250.32 and Article 
225, Parts I and II. 

InformaJilipA Note: Methods to reduce neutral-to-earth 
voltages in livestock facilities include supplying buildings 
uctiS§ir\with 4-wire single-phase services, sizing 
se service and feeder conductors to limit 
6ltage drop to'^Bercent, and connecting loads line-to-line. 


ification. Where a site is supplied by more than 
stribution point, a permanent plaque or directory 
installed at each of these distribution points denot- 
ocation of each of the other distribution points and 
mgs or structures served by each. 



547.10 Equipotential Planes and Bonding of Equipoten- 
tial Planes. The installation and bonding of equipotential 
planes shall comply with 547.10(A) and (B). For the pur¬ 
poses of this section, the term livestock shall not include 
poultry. 

(A) Where Required. Equipotential planes shall be in¬ 
stalled where required in (A)(1) and (A)(2). 

(1) Indoors. Equipotential planes shall be installed in con¬ 
finement areas with concrete floors where metallic equip¬ 
ment is located that may become energized and is acces¬ 
sible to livestock. 

(2) Outdoors. Equipotential planes shall be installed in 
concrete slabs where metallic equipment is located that 
may become energized and is accessible to livestock. 

The equipotential plane shall encompass the area where 
the livestock stands while accessing metallic equipment 
that may become energized. 


(2) Conductor Installation. The supply conductors shall 
be installed in accordance with the requirements of Part II 
of Article 225. 

(3) Grounding and Bonding. For each building or struc¬ 
ture, grounding and bonding of the supply conductors shall 
be in accordance with the requirements of 250.32, and the 
following conditions shall be met: 


(B) Bonding. Equipotential planes shall be connected to 
the electrical grounding system. The bonding conductor 
shall be solid copper, insulated, covered or bare, and not 
smaller than 8 AWG. The means of bonding to wire mesh 
or conductive elements shall be by pressure connectors or 
clamps of brass, copper, copper alloy, or an equally sub¬ 
stantial approved means. Slatted floors that are supported 
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by structures that are a part of an equipotential plane shall 
not require bonding. 

Informational Note No. 1: Methods to establish equipoten¬ 
tial planes are described in American Society of Agricul¬ 
tural and Biological Engineers (ASABE) EP473.2-2001, 
Equipotential Planes in Animal Containment Areas. 

Informational Note No. 2: Methods for safe installation of 
livestock waterers are described in American Society of 
Agricultural and Biological Engineers (ASABE) EP342.3- 
2010, Safety for Electrically Pleated Livestock Waterers. 

[ROP 19-26a] 

Informational Note No. 3: Low grounding electrode sys¬ 
tem resistances may reduce potential differences in live¬ 
stock facilities. 


ARTICLE 550 

Mobile Homes, Manufactured Homes, 
and Mobile Home Parks 


I. General 

550.1 Scope. The provisions of this article cover the elec 
trical conductors and equipment installed within or on mo 
bile and manufactured homes, the conductors that connect 
mobile and manufactured homes to a supply of electricity, 
and the installation of electrical wiring, luminaires, equip¬ 
ment, and appurtenances related to electrical installations 
within a mobile home park up to the mobile^wtne 
entrance conductors or, if none, the mob ile home service 
equipment. 

Informational Note: For additional information on manfl 
factured housing see NFPA 501-2010, Standard on Manu¬ 
factured Housing , and Part 3280, Manufactured Home Con¬ 
struction and Safety Standards , of the Federal department 
of Housing and Urban Development. 

550.2 Definitions. 

Appliance, Fixed. An appliance that is fastened or other¬ 
wise secured at a specific location. 

Appliance, Portable. An appliance that is actually moved 
or can easily be moved from one place to another in normal 
use. 


with the necessary fittings and equipment or a power- 
supply cord listed for mobile home use, identified for the 
delivery of energy from the source of electrical supply to 
the panelboard within the mobile home. [ROP 19-27, ROP 
19-29] 

Laundry Area. An area containing or designed to contain a 
laundry tray, clothes washer, or a clothes dryer. 

Manufactured Home. A structure, transportable in one or 
more sections, that, in the traveling mode, is 2.4 m (8 body- 
ft) or more in width or 12.2 m (40 body-ft) or more in 
length, or, when erected on site, is 29.7 m 2 (320 ft 2 ) or 
more and that is built on a permanent chassis and designed 
to be used as a dwelling, with or without a permanent 
foundation, when connected therein. The term manufac¬ 
tured home includes any structure that meets all the provi¬ 
sions of this paragraph except the size requirements and 
with respect to which the manufacturer voluntarily files a 
certificatquir e d by the regulatory agency, and except 
that such term does not include any self-propelled recre- 
ational^ehicle. Calculations used to determine the number 
of ^square meprs (square feet) in a structure are based on 
the strt||t^^s exterior dimensions, measured at the largest 
horizontal projections when erected on site. These dimen- 
, include ;dl expandable rooms, cabinets, and other pro- 
contitining interior space but do not include bay 



For the purpose of this Code and unless otherwise in- 
the term mobile home includes manufactured 


Informational Note No. 1: See the applicable building 
code for definition of the term permanent foundation. 

Informational Note No. 2: See Part 3280, Manufactured 
Home Construction and Safety Standards, of the Federal 
Department of Housing and Urban Development , for addi¬ 
tional information on the definition. 

Mobile Home. A factory-assembled structure or structures 
transportable in one or more sections that are built on a 
permanent chassis and designed to be used as a dwelling 
without a permanent foundation where connected to the 
required utilities and that include the plumbing, heating, 
air-conditioning, and electrical systems contained therein. 

For the purpose of this Code and unless otherwise in¬ 
dicated, the term mobile home includes manufactured 
homes. 


Informational Note: For the purpose of this article, the 
following major appliances, other than built-in, are consid¬ 
ered portable if cord connected: refrigerators, range equip¬ 
ment, clothes washers, dishwashers without booster heat¬ 
ers, or other similar appliances. 

[ROP 19-28, ROP 19-27] 

Feeder Assembly. The overhead or under-chassis feeder 
conductors, including the grounding conductor, together 


Mobile Home Accessory Building or Structure. Any aw¬ 
ning, cabana, ramada, storage cabinet, carport, fence, wind¬ 
break, or porch established for the use of the occupant of 
the mobile home on a mobile home lot. 

Mobile Home Lot. A designated portion of a mobile home 
park designed for the accommodation of one mobile home 
and its accessory buildings or structures for the exclusive 
use of its occupants. 
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Mobile Home Park. A contiguous parcel of land that is 
used for the accommodation of occupied mobile homes. 

Mobile Home Service Equipment. The equipment con¬ 
taining the disconnecting means, overcurrent protective de¬ 
vices, and receptacles or other means for connecting a mo¬ 
bile home feeder assembly. 

Park Electrical Wiring Systems. All of the electrical wir¬ 
ing, luminaires, equipment, and appurtenances related to 
electrical installations within a mobile home park, includ¬ 
ing the mobile home service equipment. 

550.4 General Requirements. 

(A) Mobile Home Not Intended as a Dwelling Unit. A 

mobile home not intended as a dwelling unit — for ex¬ 
ample, those equipped for sleeping purposes only, contrac¬ 
tor’s on-site offices, construction job dormitories, mobile 
studio dressing rooms, banks, clinics, mobile stores, or in¬ 
tended for the display or demonstration of merchandise or 
machinery — shall not be required to meet the provisions 
of this article pertaining to the number or capacity of cir¬ 
cuits required. It shall, however, meet all other applicable 
requirements of this article if provided with an electrical 
installation intended to be energized from a 120- 
120/240-volt ac power supply system. Where differe 
age is required by either design or available power s 
system, adjustment shall be made in accord.ause.with ol 
articles and sections for the voltage use 


(B) In Other Than Mobile Home 

installed in other than mobile home 
with the provisions of this arfi 

(C) Connection to Wiring System. The 

article shall apply to mobile homes in tenth 
to a wiring system rated 120/240 volts, 
with a grounded neutral coni 




is of this 
for connection 
linal, 3-wire ac. 


(D) Listed or Labeled. All electrical materials, devices, 
appliances, fittings, and other equipment shall be listed or 
labeled by a qualified testing agency and shall be connected 
in an approved manner when installed. 

II. Mobile and Manufactured Homes 
550.10 Power Supply. 


Exception No. 2: A feeder assembly shall not be required 
for manufactured homes constructed in accordance with 
550.32(B). 

(B) Power-Supply Cord. If the mobile home has a power- 
supply cord, it shall be permanently attached to the panel- 
board or to a junction box permanently connected to the 
panelboard, with the free end terminating in an attachment 
plug cap. [ROP 19-27] 

Cords with adapters and pigtail ends, extension cords, 
and similar items shall not be attached to, or shipped with, 
a mobile home. 

A suitable clamp or the equivalent shall be provided at 
the panelboard knockout to afford strain relief for the cord 
to prevent strain from being transmitted to the terminals 
when the power-supply cord is handled in its intended man¬ 
ner. [ROPJ&-27] 

The cord shall be a listed type with four conductors, 
one of which shall be identified by a continuous green color 
or a continuous green color with one or more yellow stripes 
use as the grounding conductor. 

chment Plug Cap. The attachment plug cap shall 
3-pole, 4-wire, grounding type, rated 50 amperes, 
volts with a configuration as shown in Figure 
and intended for use with the 50-ampere, 
volt receptacle configuration shown in Figure 
0(C). It shall be listed, by itself or as part of a power- 
supply cord assembly, for the purpose and shall be molded 
to or installed on the flexible cord so that it is secured 
tightly to the cord at the point where the cord enters the 
attachment plug cap. If a right-angle cap is used, the con¬ 
figuration shall be oriented so that the grounding member is 
farthest from the cord. 

Informational Note: Complete details of the 50-ampere 
plug and receptacle configuration can be found in the Na¬ 
tional Electrical Manufacturers Association Standard for 
Dimensions of Attachment Plugs and Receptacles , 
ANSI/NEMA WD 6-2002 (R2008) , Figure 14-50. [ROP 
19-31a] 


Receptacle 




(A) Feeder. The power supply to the mobile home shall be 
a feeder assembly consisting of not more than one listed 
50-ampere mobile home power-supply cord or a perma¬ 
nently installed feeder. 

Exception No. 1: A mobile home that is factory equipped 
with gas or oil-fired central heating equipment and cooking 
appliances shall be permitted to be provided with a listed 
mobile home power-supply cord rated 40 amperes. 


125/250-V, 50-A, 3-pole, 4-wire, grounding type 

Figure 550.10(C) 50-Ampere, 125/250-Volt Receptacle and At¬ 
tachment Plug Cap Configurations, 3-Pole, 4-Wire, 
Grounding-Types, Used for Mobile Home Supply Cords and 
Mobile Home Parks. 

(D) Overall Length of a Power-Supply Cord. The over¬ 
all length of a power-supply cord, measured from the end 
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of the cord, including bared leads, to the face of the attach¬ 
ment plug cap shall not be less than 6.4 m (21 ft) and shall 
not exceed 11m (361/2 ft). The length of the cord from the 
face of the attachment plug cap to the point where the cord 
enters the mobile home shall not be less than 6.0 m (20 ft). 

(E) Marking. The power-supply cord shall bear the fol¬ 
lowing marking: 

FOR USE WITH MOBILE HOMES — 40 AMPERES 
or 


used, the maximum fuse size for the mains shall be plainly 
marked with lettering at least 6 mm (14 in.) high and visible 
when fuses are changed. [ROP 19-27] 

Where plug fuses and fuseholders are used, they shall 
be tamper-resistant Type S, enclosed in dead-front fuse 
panelboards. Electrical panelboards containing circuit 
breakers shall also be dead-front type. [ROP 19-27] 

Informational Note: See 110.22 concerning identification 
of each disconnecting means and each service, feeder, or 
branch circuit at the point where it originated and the type 
marking needed. 


FOR USE WITH MOBILE HOMES — 50 AMPERES 

(F) Point of Entrance. The point of entrance of the feeder 
assembly to the mobile home shall be in the exterior wall, 
floor, or roof. 

(G) Protected. Where the cord passes through walls or 
floors, it shall be protected by means of conduits and bush¬ 
ings or equivalent. The cord shall be permitted to be in¬ 
stalled within the mobile home walls, provided a continu¬ 
ous raceway having a maximum size of 32 mm (114 in.) is 
installed from the branch-circuit panelboard to the under¬ 
side of the mobile home floor. 

(H) Protection Against Corrosion and Mechanical 
Damage. Permanent provisions shall be made for the pro¬ 
tection of the attachment plug cap of the power-supply cord 
and any connector cord assembly or receptacle against cor 
rosion and mechanical damage if such devices are its fin 
exterior location while the mobile home is iffl'transii 

(I) Mast Weatherhead or Raceway. Where the? calculated 
load exceeds 50 amperes or where a permanent feeder is 
used, the supply shall be by means of either of the follow¬ 
ing: 

(1) One mast weatherhead installatiorv installed in accor¬ 
dance with Article 230, containing four continuous, in¬ 
sulated, color-coded feeder conductors, one of which 
shall be an equipment grounding conductor 

(2) A metal raceway or rigid nonmetallic conduit from the 
disconnecting means in the mobile home to the under¬ 
side of the mobile home, with provisions for the attach¬ 
ment to a suitable junction box or fitting to the raceway 
on the underside of the mobile home [with or without 
conductors as in 550.10(f)(1)]. The manufacturer shall 
provide written installation instructions stating the 
proper feeder conductor sizes for the raceway and the 
size of the junction box to be used. 

550.11 Disconnecting Means and Branch-Circuit Pro¬ 
tective Equipment. The branch-circuit equipment shall be 
permitted to be combined with the disconnecting means as 
a single assembly. Such a combination shall be permitted to 
be designated as a panelboard. If a fused panelboard is 



(A) Disconnecting Means. A single disconnecting means 

shall be provided in each mobile home consisting of a cir¬ 
cuit breaker, or a switch and fuses and its accessories in- 
stalled in a readilvpthcessible location near the point of 
entrance of the supply cord or conductors into the mobile 
home. The breakers or fuses shall be plainly 

marked “Main.” This equipment shall contain a solderless 
type of grounding connp|tor or bar for the purposes of 
grounding, with sufficient terminals for all grounding con¬ 
ductors. The terminations of the grounded circuit conduc¬ 
tors shall b^msulated in accordance with 550.16(A). The 
disconnecting equipment shall have a rating not less than 

.palculatecWoad. The distribution equipment, either dr¬ 
ier or fused type, shall be located a minimum of 
in.) from the bottom of such equipment to the 
level of the mobile home. 

Informational Note: See 550.20(B) for information on dis¬ 
connecting means for branch circuits designed to energize 
heating or air-conditioning equipment, or both, located out¬ 
side the mobile home, other than room air conditioners. 

A panelboard shall be rated not less than 50 amperes 
and employ a 2-pole circuit breaker rated 40 amperes for a 
40-ampere supply cord, or 50 amperes for a 50-ampere 
supply cord. A panelboard employing a disconnect switch 
and fuses shall be rated 60 amperes and shall employ a 
single 2-pole, 60-ampere fuseholder with 40- or 50-ampere 
main fuses for 40- or 50-ampere supply cords, respectively. 
The outside of the panelboard shall be plainly marked with 
the fuse size. [ROP 19-27] 

The panelboard shall be located in an accessible loca¬ 
tion but shall not be located in a bathroom or a clothes 
closet. A clear working space at least 750 mm (30 in.) wide 
and 750 mm (30 in.) in front of the panelboard shall be 
provided. This space shall extend from the floor to the top 
of the panelboard. [ROP 19-27] 

(B) Branch-Circuit Protective Equipment. Branch- 
circuit distribution equipment shall be installed in each mo¬ 
bile home and shall include overcurrent protection for each 
branch circuit consisting of either circuit breakers or fuses. 

The branch-circuit overcurrent devices shall be rated as 
follows: 
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(1) Not more than the circuit conductors; and 

(2) Not more than 150 percent of the rating of a single 
appliance rated 13.3 amperes or more that is supplied 
by an individual branch circuit; but 

(3) Not more than the overcurrent protection size and of 
the type marked on the air conditioner or other motor- 
operated appliance. 


Exception No. 2: Receptacle outlets installed to provide 
power for supplemental equipment and lighting on gas- 
fired ranges, ovens, or counter-mounted cooking units shall 
be permitted. 

Exception No. 3: A single receptacle for refrigeration 
equipment shall be permitted to be supplied from an indi¬ 
vidual branch circuit rated 15 amperes or greater. 


(C) Two-Pole Circuit Breakers. Where circuit breakers 
are provided for branch-circuit protection, 240-volt circuits 
shall be protected by a 2-pole common or companion trip, 
or by circuit breakers with identified handle ties. 


Countertop receptacle outlets installed in the kitchen 
shall be supplied by not less than two small-appliance cir¬ 
cuit branch circuits, either or both of which shall be per¬ 
mitted to supply receptacle outlets in the kitchen and other 
locations specified in 550.12(B). 


(D) Electrical Nameplates. A metal nameplate on the out¬ 
side adjacent to the feeder assembly entrance shall read as 
follows: 

THIS CONNECTION FOR 120/240-VOLT, 

3-POLE, 4-WIRE, 60-HERTZ, 

_AMPERE SUPPLY 

The correct ampere rating shall be marked in the blank 
space. 

Exception: For manufactured homes, the manufacturer 
shall provide in its written installation instructions o« 
data plate the minimum ampere rating of the feeder i 
bly or, where provided, the service-entrance conductor 
tended for connection to the manufactured home. The 
ing provided shall not be less than fhe/'mihififiim 
calculated in accordance with 550.11 

550.12 Branch Circuits. The number 
required shall be determined in accordance 
through (E). 


(A) Lighting. The numl 
based on 33 volt-amperes/nr (: 
mensions of the mobile home 
by 120 volts to determine the numl 
lighting area circuits, for example, 



rcuits shall be 
imes outside di- 
excluded) divided 
15- or 20-ampere 


(C) Laundry Area. Where a laundry area is provided, a 

20-ampere branch circuit shall be provided to supply the 

laundry receptacle outlet(s). This circuit shall have no other 
outlets.,_ 

(E^ftffeneral Appliances. (Including furnace, water heater, 
Rge, and central or room air conditioner, etc.). There shall 
6e one or more circWtts of adequate rating in accordance 
vith the following: 

formational Note: For central air conditioning, see Ar¬ 
ticle 440. 

Tnyampere rating of fixed appliances shall be not over 
percent of the circuit rating if lighting outlets (re¬ 
ceptacles, other than kitchen, dining area, and laundry, 
considered as lighting outlets) are on the same circuit. 

(2) For fixed appliances on a circuit without lighting out¬ 
lets, the sum of rated amperes shall not exceed the 
branch-circuit rating. Motor loads or continuous loads 
shall not exceed 80 percent of the branch-circuit rating. 

(3) The rating of a single cord-and-plug-connected appli¬ 
ance on a circuit having no other outlets shall not ex¬ 
ceed 80 percent of the circuit rating. 

(4) The rating of a range branch circuit shall be based on 
the range demand as specified for ranges in 
550.18(B)(5). 


3 X length x width 
120 x 15 (or 20) 

= No. of 15- (or 20-) ampere circuits 

(B) Small Appliances. In kitchens, pantries, dining rooms, 
and breakfast rooms, two or more 20-ampere small- 
appliance circuits, in addition to the number of circuits 
required elsewhere in this section, shall be provided for all 
receptacle outlets required by 550.13(D) in these rooms. 
Such circuits shall have no other outlets. 

Exception No. 1: Receptacle outlets installed solely for the 
electrical supply and support of an electric clock in any the 
rooms specified in 550.12(B) shall be permitted. 


(E) Bathrooms. Bathroom receptacle outlets shall be sup¬ 
plied by at least one 20-ampere branch circuit. Such circuits 
shall have no outlets other than as provided for in 
550.13(E)(2). 

550.13 Receptacle Outlets. 

(A) Grounding-Type Receptacle Outlets. All receptacle 
outlets shall comply with the following: 

(1) Be of grounding type 

(2) Be installed according to 406.4 

(3) Except where supplying specific appliances, be 15- or 
20-ampere, 125-volt, either single or multiple type, and 
accept parallel-blade attachment plugs 
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(B) Ground-Fault Circuit Interrupters (GFCI). All 125- 
volt, single-phase, 15- and 20-ampere receptacle outlets in¬ 
stalled outdoors, in compartments accessible from outside 
the unit, or in bathrooms, including receptacles in lumi¬ 
naires, shall have GFCI protection. GFCI protection shall 
be provided for receptacle outlets serving countertops in 
kitchens and receptacle outlets located within 1.8 m (6 ft) 
of a wet bar sink. The exceptions in 210.8(A) shall be 
permitted. 

Feeders supplying branch circuits shall be permitted to 
be protected by a ground-fault circuit-interrupter in lieu of 
the provision for such interrupters specified herein. 

(C) Cord-Connected Fixed Appliance. A grounding-type 
receptacle outlet shall be provided for each cord-connected 
fixed appliance installed. 

(D) Receptacle Outlets Required. Except in the bath, 
closet, and hallway areas, receptacle outlets shall be in¬ 
stalled at wall spaces 600 mm (2 ft) wide or more so that no 
point along the floor line is more than 1.8 m (6 ft) measured 
horizontally from an outlet in that space. In addition, a 
receptacle outlet shall be installed in the following loca¬ 
tions: 

(1) Over or adjacent to countertops in the kitchen [at least^^^ 
one on each side of the sink if countertops are on each' 
side and are 300 mm (12 in.) or over in width]. 

(2) Adjacent to the refrigerator and freestanding 
space. A multiple-type receptacle shall be 
serve as the outlet for a countertop and 

(3) At countertop spaces for built-in vanitiei 

(4) At countertop spaces under wall-mounted 

(5) In the wall at the nearest |> 
counter attaches to the waj 

(6) In the wall at the nearest 
divider attaches to the wall. 

(7) In laundry areas within 1.8 m ( 
location of the laundry appliance(s). 

(8) At least one receptacle outlet located outdoors and ac¬ 
cessible at grade level and not more than 2.0 m ( 6 V 2 ft) 
above grade. A receptacle outlet located in a compart¬ 
ment accessible from the outside of the unit shall be 
considered an outdoor receptacle. 



(1) Within 600 mm (2 ft) of the cold water inlet. 

(2) Connected to an interior branch circuit, other than a 
small-appliance branch circuit. It shall be permitted to 
use a bathroom receptacle circuit for this purpose. 

(3) On a circuit where all of the outlets are on the load side 
of the ground-fault circuit-interrupter. 

(4) This outlet shall not be considered as the receptacle 
required by 550.13(D)(8). 

(F) Receptacle Outlets Not Permitted. Receptacle outlets 

shall not be permitted in the following locations: 

(1) Receptacle outlets shall not be installed within or di¬ 
rectly over a bathtub or shower space. 

(2) A receptacle shall not be installed in a face-up position 
in any countertn 

(3) Receptacle outlets shall not be installed above electric 
baseboard heaters, unless provided for in the listing or 
manufacturers instructions. 

(G) Receptacle Outlets Not Required. Receptacle outlets 

shall r fot be required in therollowing locations: 

(1) In the wail space occupied by built-in kitchen or ward¬ 
robe cabinets 

T n the wall space behind doors that can be opened fully 
t a wall surface 

n roOtH dividers of the lattice type that are less than 2.5 
m (8 ft) long, not solid, and within 150 mm (6 in.) of 
the floor 

In the wall space afforded by bar-type counters 


tie intended 


550.14 Luminaires and Appliances. 

(A) Fasten Appliances in Transit. Means shall be pro¬ 
vided to securely fasten appliances when the mobile home 
is in transit. (See 550.16 for provisions on grounding.) 

(B) Accessibility. Every appliance shall be accessible for 
inspection, service, repair, or replacement without removal 
of permanent construction. 

(C) Pendants. Listed pendant-type luminaires or pendant 
cords shall be permitted. 


(9) At least one receptacle outlet shall be installed in bath¬ 
rooms within 900 mm (36 in.) of the outside edge of 
each basin. The receptacle outlet shall be located above 
or adjacent to the basin location. This receptacle shall 
be in addition to any receptacle that is a part of a 
luminaire or appliance. The receptacle shall not be en¬ 
closed within a bathroom cabinet or vanity. 

(E) Pipe Heating Cable(s) Outlet. For the connection of 
pipe heating cable(s), a receptacle outlet shall be located on 
the underside of the unit as follows: 


(D) Bathtub and Shower Luminaires. Where a luminaire 
is installed over a bathtub or in a shower stall, it shall be of 
the enclosed and gasketed type listed for wet locations. 

550.15 Wiring Methods and Materials. Except as spe¬ 
cifically limited in this section, the wiring methods and 
materials included in this Code shall be used in mobile 
homes. Aluminum conductors, aluminum alloy conductors, 
and aluminum core conductors such as copper-clad alumi¬ 
num shall not be acceptable for use as branch-circuit wir¬ 
ing. 
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550.16 


(A) Nonmetallic Boxes. Nonmetallic boxes shall be per¬ 
mitted only with nonmetallic cable or nonmetallic race¬ 
ways. 

(B) Nonmetallic Cable Protection. Nonmetallic cable lo¬ 
cated 380 mm (15 in.) or less above the floor, if exposed, 
shall be protected from physical damage by covering 
boards, guard strips, or raceways. Cable likely to be dam¬ 
aged by stowage shall be so protected in all cases. 

(C) Metal-Covered and Nonmetallic Cable Protection. 

Metal-covered and nonmetallic cables shall be permitted to 
pass through the centers of the wide side of 2 by 4 studs. 
However, they shall be protected where they pass through 2 
by 2 studs or at other studs or frames where the cable or 
armor would be less than 32 mm (114 in.) from the inside 
or outside surface of the studs where the wall covering 
materials are in contact with the studs. Steel plates on each 
side of the cable, or a tube, with not less than 1.35 mm 
(0.053 in.) wall thickness shall be required to protect the 
cable. These plates or tubes shall be securely held in place. 

(D) Metal Faceplates. Where metal faceplates are used, 
they shall be grounded. 


(E) Installation Requirements. Where a range 
dryer, or other appliance is connected by metal-co'' 
cable or flexible metal conduit, a length of not less than* 
mm (3 ft) of unsupported cable or conduit shall be provr 
to service the appliance. The cable or flexible meta cond 
shall be secured to the wall. Type NM or Tvn^^E cabli 
shall not be used to connect a range on dryer. This shall not 
prohibit the use of Type NM or Type SE cable between the 
branch-circuit overcurrent protective device^aid a junction 
box or range or dryer receptacle. 

(F) Raceways. Where rigid metal conduif or intermediate 
metal conduit is terminated at an enclosure with a locknut 
and bushing connection, two locknufK shall be provided, 
one inside and one outside of the enclosure. Rigid nonme¬ 
tallic conduit, electrical nonmetallic tubing, or surface race¬ 
way shall be permitted. All cut ends of conduit and tubing 
shall be reamed or otherwise finished to remove rough 
edges. 

(G) Switches. Switches shall be rated as follows: 

(1) For lighting circuits, switches shall be rated not less 
than 10 amperes, 120 to 125 volts, and in no case less 
than the connected load. 

(2) Switches for motor or other loads shall comply with the 
provisions of 404.14. 

(H) Under-Chassis Wiring (Exposed to Weather). 

Where outdoor or under-chassis line-voltage (120 volts, 
nominal, or higher) wiring is exposed to moisture or physi¬ 
cal damage, it shall be protected by a conduit or raceway 


approved for use in wet locations or where subject to physi¬ 
cal damage. The conductors shall be listed for use in wet 
locations. [ROP 19-39, ROP 19-37] 

(I) Boxes, Fittings, and Cabinets. Boxes, fittings, and 
cabinets shall be securely fastened in place and shall be 
supported from a structural member of the home, either 
directly or by using a substantial brace. 

Exception: Snap-in-type boxes. Boxes provided with spe¬ 
cial wall or ceiling brackets and wiring devices with inte¬ 
gral enclosures that securely fasten to walls or ceilings and 
are identified for the use shall be permitted without support 
from a structural member or brace. The testing and ap¬ 
proval shall include the wall and ceiling construction sys¬ 
tems for which the boxes and devices are intended to be 

(J) Appliance Terminal Connections. Appliances having 
branch-circuit terminal connections that operate at tempera¬ 
ture higher than^>0°C (140°F) shall have circuit conduc- 

as described in the following: 

) Branch-circuit omluctors having an insulation suitable 
r the temperature encountered shall be permitted to 
e run directly to the appliance, 
nductors having an insulation suitable for the tem¬ 
perature encountered shall be run from the appliance 
minal connection to a readily accessible outlet box 
laced at least 300 mm (1 ft) from the appliance. These 
conductors shall be in a suitable raceway or Type AC 
or MC cable of at least 450 mm (18 in.) but not more 
than 1.8 m (6 ft) in length. 

(K) Component Interconnections. Fittings and connec¬ 
tors that are intended to be concealed at the time of assem¬ 
bly shall be listed and identified for the interconnection of 
building components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, tem¬ 
perature rise, and fault-current withstanding and shall be 
capable of enduring the vibration and shock occurring in 
mobile home transportation. 

Informational Note: See 550.19 for interconnection of 
multiple section units. 

550.16 Grounding. Grounding of both electrical and non¬ 
electrical metal parts in a mobile home shall be through 
connection to a grounding bus in the mobile home panel- 
board and shall be connected through the green-colored 
insulated conductor in the supply cord or the feeder wiring 
to the grounding bus in the service-entrance equipment lo¬ 
cated adjacent to the mobile home location. Neither the 
frame of the mobile home nor the frame of any appliance 
shall be connected to the grounded circuit conductor in the 
mobile home. Where the panelboard is the service equip¬ 
ment as permitted by 550.32(B), the neutral conductors and 
the equipment grounding bus shall be connected. [ROP 
19-27] 
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(A) Grounded Conductor. 

(1) Insulated. The grounded circuit conductor shall be in¬ 
sulated from the grounding conductors and from equipment 
enclosures and other grounded parts. The grounded circuit 
conductor terminals in the panelboard and in ranges, 
clothes dryers, counter-mounted cooking units, and wall- 
mounted ovens shall be insulated from the equipment en¬ 
closure. Bonding screws, straps, or buses in the panelboard 
or in appliances shall be removed and discarded. Where the 
panelboard is the service equipment as permitted by 
550.32(B), the neutral conductors and the equipment 
grounding bus shall be connected. [ROP 19-27] 

(2) Connections of Ranges and Clothes Dryers. Connec¬ 
tions of ranges and clothes dryers with 120/240-volt, 3-wire 
ratings shall be made with 4-conductor cord and 3-pole, 
4-wire, grounding-type plugs or by Type AC cable, Type 
MC cable, or conductors enclosed in flexible metal conduit. 

(B) Equipment Grounding Means. 

(1) Supply Cord or Permanent Feeder. The green- 
colored insulated grounding wire in the supply cord or per¬ 
manent feeder wiring shall be connected to the grounding . 
bus in the panelboard or disconnecting means. [ROPi 
19-27] 

(2) Electrical System. In the electrical system, 
metal parts, enclosures, frames, luminaire caj 
forth shall be effectively bonded to the gr< 
or enclosure of the panelboard. [ROP 19- 


(3) Cord-Connected Appliance 

ances, such as washing machij 
frigerators, and the electrical 
forth, shall be grounded by means' 
ment grounding conductor and 
plug. 



an equip- 
attachment 


(C) Bonding of Non-Current-Carrying Metal Parts. 


(3) Metallic Piping and Ducts. Metallic gas, water, and 
waste pipes and metallic air-circulating ducts shall be con¬ 
sidered bonded if they are connected to the terminal on the 
chassis [see 550.16(C)(1)] by clamps, solderless connec¬ 
tors, or by suitable grounding-type straps. 

(4) Metallic Roof and Exterior Coverings. Any metallic 
roof and exterior covering shall be considered bonded if the 
following conditions are met: 

(1) The metal panels overlap one another and are securely 
attached to the wood or metal frame parts by metallic 
fasteners. 

(2) The lower panel of the metallic exterior covering is 
secured by metallic fasteners at a cross member of the 
chassis by two metal straps per mobile home unit or 
section at opposite ends. 

The bonding itrap material shall be a minimum of 
100 mm (4 in.) in width of material equivalent to the skin 
or a material of equal or better electrical conductivity. The 
straps shall be fastened with paint-penetrating fittings such 
as .screws and^lfarwashers or equivalent. 


Strength Test. The wiring of each mobile 
Objected to a 1-minute, 900-volt, dielectric 
strength test (with all switches closed) between live parts 
eluding neutral conductor) and the mobile home ground, 
tentatively, the test shall be permitted to be performed at 
080 volts for 1 second. This test shall be performed after 
ranch circuits are complete and after luminaires or appli¬ 
ances are installed. 

Exception: Listed luminaires or appliances shall not be 
required to withstand the dielectric strength test. 

(B) Continuity and Operational Tests and Polarity 
Cheeks. Each mobile home shall be subjected to all of the 
following: 

(1) An electrical continuity test to ensure that all exposed 
electrically conductive parts are properly bonded 


(1) Exposed Non-Current-Carrying Metal Parts. All 

exposed non-current-carrying metal parts that are likely to 
become energized shall be effectively bonded to the 
grounding terminal or enclosure of the panelboard. A bond¬ 
ing conductor shall be connected between the panelboard 
and accessible terminal on the chassis. [ROP 19-27] 


(2) An electrical operational test to demonstrate that all 
equipment, except water heaters and electric furnaces, 
is connected and in working order 

(3) Electrical polarity checks of permanently wired equip¬ 
ment and receptacle outlets to determine that connec¬ 
tions have been properly made 


(2) Grounding Terminals. Grounding terminals shall be 
of the solderless type and listed as pressure-terminal con¬ 
nectors recognized for the wire size used. The bonding 
conductor shall be solid or stranded, insulated or bare, and 
shall be 8 AWG copper minimum, or equivalent. The bond¬ 
ing conductor shall be routed so as not to be exposed to 
physical damage. 


550.18 Calculations. The following method shall be em¬ 
ployed in calculating the supply-cord and distribution- 
panelboard load for each feeder assembly for each mobile 
home in lieu of the procedure shown in Article 220 and 
shall be based on a 3-wire, 120/240-volt supply with 120- 
volt loads balanced between the two ungrounded conduc¬ 
tors of the 3-wire system. 
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550.20 


(A) Lighting, Small-Appliance, and Laundry Load. 

(1) Lighting Volt-Amperes. Length times width of mobile 
home floor (outside dimensions) times 33 volt-amperes/m 2 
(3 VA/ft 2 ), for example, length x width x 3 = lighting 
volt-amperes. 


(6) If outlets or circuits are provided for other than factory- 
installed appliances, include the anticipated load. 

Informational Note: Refer to Informative Annex D, Ex¬ 
ample Dll, for an illustration of the application of this 
calculation. 


(2) Small-Appliance Volt-Amperes. Number of circuits 
times 1500 volt-amperes for each 20-ampere appliance re¬ 
ceptacle circuit (see definition of Appliance, Portable, with 
a fine print note in 550.2), for example, number of circuits 
x 1500 = small-appliance volt-amperes. 

(3) Laundry Area Circuit Volt-Amperes. 1500 volt- 
amperes. 


(C) Optional Method of Calculation for Lighting and 
Appliance Load. The optional method for calculating 
lighting and appliance load shown in 220.82 shall be per¬ 
mitted. 

550.19 Interconnection of Multiple-Section Mobile or 
Manufactured Home Units. 


(4) Total Volt-Amperes. Lighting volt-amperes plus 
small-appliance volt-amperes plus laundry area volt- 
amperes equals total volt-amperes. 

(5) Net Volt-Amperes. First 3000 total volt-amperes at 
100 percent plus remainder at 35 percent equals volt- 
amperes to be divided by 240 volts to obtain current (am¬ 
peres) per leg. 

(B) Total Load for Determining Power Supply. JTotal 
load for determining power supply is the sum of tl 
lowing: 

(1) Lighting and small-appliance load as .calculate' 
550.18(A)(5). 

(2) Nameplate amperes for motors and heater ldads (e: 
haust fans, air conditioners, electric, gas 
ing). Omit smaller of the heating and cooling loi 
except include blower motor if used as ^-conditioner 
evaporator motor. Where- an air conditioner is not in¬ 
stalled and a 40-ampere power-supply cord is provided, 
allow 15 amperes per legcfor air conditioning. 

(3) Twenty-five percent of cr^kut of largest motor in (2). 

(4) Total of nameplate amperes for waste disposer, dish¬ 
washer, water heater, clothes diyer, wall-mounted oven, 
cooking units. Where the number of these appliances 
exceeds three, use 75 percent of total. 

(5) Derive amperes for freestanding range (as distin¬ 
guished from separate ovens and cooking units) by di¬ 
viding the following values by 240 volts: 



Nameplate Rating 
(watts) 


Use 

(volt-amperes) 


Over 

Over 

Over 

Over 

Over 

Over 


0 - 10,000 

10,000-12,500 

12.500- 13,500 

13.500- 14,500 

14.500- 15,500 

15.500- 16,500 

16.500- 17,500 


80 percent of rating 
8,000 
8,400 
8,800 
9,200 
9,600 
10,000 


(A) Wiring Methods. Approved and listed fixed-type wir¬ 
ing methods sHall be used to join portions of a circuit that 
must be electrically joined and are located in adjacent sec¬ 
tions after the home is installed on its support foundation. 
The circuit’s junction shall be accessible for disassembly 
en the home is prepared for relocation. 


ational Note: 
rconnections. 


See 550.15 (K) for component 


onnecting Means. Expandable or multiunit manu- 
reiT homes, not having permanently installed feeders, 
re to be moved from one location to another shall be 
permitted to have disconnecting means with branch-circuit 
protective equipment in each unit when so located that after 
assembly or joining together of units, the requirements of 
550.10 will be met. 


550.20 Outdoor Outlets, 
Equipment, and So Forth. 


Luminaires, Air-Cooling 


(A) Listed for Outdoor Use. Outdoor luminaires and 
equipment shall be listed for wet locations or outdoor use. 
Outdoor receptacles shall comply with 406.9. Where lo¬ 
cated on the underside of the home or located under roof 
extensions or similarly protected locations, outdoor lumi¬ 
naires and equipment shall be listed for use in damp loca¬ 
tions. 

(B) Outside Heating Equipment, Air-Conditioning 
Equipment, or Both. A mobile home provided with a 
branch circuit designed to energize outside heating equip¬ 
ment, air-conditioning equipment, or both, located outside 
the mobile home, other than room air conditioners, shall 
have such branch-circuit conductors terminate in a listed 
outlet box, or disconnecting means, located on the outside 
of the mobile home. A label shall be permanently affixed 
adjacent to the outlet box and shall contain the following 
information: 
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THIS CONNECTION IS FOR HEATING 
AND/OR AIR-CONDITIONING EQUIPMENT. 

THE BRANCH CIRCUIT IS RATED AT NOT 

MORE THAN_AMPERES, AT_VOLTS, 60 

HERTZ, 

_CONDUCTOR AMPACITY. 


Table 550.31 Demand Factors for Services and Feeders 


A DISCONNECTING MEANS SHALL BE LOCATED 
WITHIN SIGHT OF THE EQUIPMENT. 

The correct voltage and ampere rating shall be given. 
The tag shall be not less than 0.51 mm (0.020 in.) thick 
etched brass, stainless steel, anodized or alclad aluminum, 
or equivalent. The tag shall not be less than 75 mm by 
45 mm (3 in. by 1% in.) minimum size. 

550.25 Arc-Fault Circuit-Interrupter Protection. 

(A) Definition. Arc-fault circuit interrupters are defined in 
Article 100. 

(B) Mobile Homes and Manufactured Homes. All 120- 
volt branch circuits that supply 15- and 20-ampere outlets 
installed in family rooms, dining rooms, living rooms, par¬ 
lors, libraries, dens, bedrooms, sunrooms, recreation rooms, 
closets, hallways, or similar rooms or areas of mobile 
homes and manufactured homes shall comply with 210.12. 


III. Services and Feeders 

550.30 Distribution System. The mobile homj 
ondary electrical distribution system to mol 
shall be single-phase, 120/240 volts, nomi 
pose of Part III, where the park service excel 
nominal, transformers and secondary pa 
treated as services. [ROP 19-27] 

550.31 Allowable Demand Factors. Park electrical wiring 
systems shall be calculated (at 120/24Q volts) on the larger 
of the following: 

(1) 16,000 volt-amperes for each mobile pome lot 

(2) The load calculated in accordance with 550.18 for the 
largest typical mobile home that each lot will accept 

It shall be permissible to calculate the feeder or service 
load in accordance with Table 550.31. No demand factor 
shall be allowed for any other load, except as provided in 
this Code. 


Number of 

Mobile Homes 

Demand 

Factor (%) 

1 

100 

2 

55 

3 

44 

4 

39 

5 

33 

6 

29 

7-9 

28 

10-12 

27 

13-15 

26 

16-21 

25 

22-40 

24 

41-60 

23 

61 and over 

22 



connecting means suitable for use as service equipment is 
located within sight from and not more than 9.0 m (30 ft) 
from the exterior wall of the mobile home it serves and is 
rated not less Jhan that required for service equipment in 
accordance witn 550.32(C). Grounding at the disconnecting 
means snail be in accordance with 250.32. 

ured Home Service Equipment. The 

red Rome service equipment shall be permitted to 
It or on a manufactured home, provided that all 
following conditions are met: 

The manufacturer shall include in its written installa¬ 
tion instructions information indicating that the home 
shall be secured in place by an anchoring system or 
installed on and secured to a permanent foundation. 

(2) The installation of the service shall comply with Part I 
through Part VII of Article 230. 

(3) Means shall be provided for the connection of a 
grounding electrode conductor to the service equipment 
and routing it outside the structure. 

(4) Bonding and grounding of the service shall be in ac¬ 
cordance with Part I through Part V of Article 250. 

(5) The manufacturer shall include in its written installa¬ 
tion instructions one method of grounding the service 
equipment at the installation site. The instructions shall 
clearly state that other methods of grounding are found 
in Article 250. 


550.32 Service Equipment. 

(A) Mobile Home Service Equipment. The mobile home 
service equipment shall be located adjacent to the mobile 
home and not mounted in or on the mobile home. The 
service equipment shall be located in sight from and not 
more than 9.0 m (30 ft) from the exterior wall of the mobile 
home it serves. The service equipment shall be permitted to 
be located elsewhere on the premises, provided that a dis¬ 


(6) The minimum size grounding electrode conductor shall 
be specified in the instructions. 

(7) A red warning label shall be mounted on or adjacent to 
the service equipment. The label shall state the 
following: 

WARNING 

DO NOT PROVIDE ELECTRICAL POWER 
UNTIL THE GROUNDING ELECTRODE(S) 
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551.2 


IS INSTALLED AND CONNECTED 
(SEE INSTALLATION INSTRUCTIONS). 

Where the service equipment is not installed in or on 
the unit, the installation shall comply with the other provi¬ 
sions of this section. 

(C) Rating. Mobile home service equipment shall be rated 
at not less than 100 amperes at 120/240 volts, and provi¬ 
sions shall be made for connecting a mobile home feeder 
assembly by a permanent wiring method. Power outlets 
used as mobile home service equipment shall also be per¬ 
mitted to contain receptacles rated up to 50 amperes with 
appropriate overcurrent protection. Fifty-ampere recep¬ 
tacles shall conform to the configuration shown in Figure 
550.10(C). 

Informational Note: Complete details of the 50-ampere 
plug and receptacle configuration can be found in 
ANSI/NEMA WD 6-2002 (R2008), National Electrical 
Manufacturers Association, Standard for Wiring Devices — 
Dimensional Requirements , Figure 14-50. [ROP 19-43a] 

(D) Additional Outside Electrical Equipment. Means for 
connecting a mobile home accessory building or structure 
or additional electrical equipment located outside a mobile 
home by a fixed wiring method shall be provided ii 
the mobile home service equipment or the local 
disconnecting means permitted in 550.32(A). 

(E) Additional Receptacles. Additional receptacles sh 
be permitted for connection of electri«dj^|uipmenl locate 
outside the mobile home, and all ♦uch 125-volt, single- 
phase, 15- and 20-ampere receptacles shall be protected by 
a listed ground-fault circuit interrupter. 


(F) Mounting Height. Q*oor mobile home,disconnect¬ 
ing means shall be installeclso the bottom of the enclosure 
containing the disconnecting means is not less than 
600 mm (2 ft) above finished grade or working platform. 
The disconnecting means shall be installed so that the cen¬ 
ter of the grip of the operating handle, when in the highest 
position, is not more than 2.0 m (6 ft 7 in.) above the 
finished grade or working platform. 

(G) Marking. Where a 125/250-volt receptacle is used in 
mobile home service equipment, the service equipment 
shall be marked as follows: 

TURN DISCONNECTING SWITCH OR 
CIRCUIT BREAKER OFF BEFORE INSERTING 
OR REMOVING PLUG. PLUG MUST BE FULLY 
INSERTED OR REMOVED. 

The marking shall be located on the service equipment 
adjacent to the receptacle outlet. 

550.33 Feeder. 

(A) Feeder Conductors. Feeder conductors shall comply 
with the following: 


(1) Feeder conductors shall consist of either a listed cord, 
factory installed in accordance with 550.10(B), or a 
permanently installed feeder consisting of four insu¬ 
lated, color-coded conductors that shall be identified by 
the factory or field marking of the conductors in com¬ 
pliance with 310.110. Equipment grounding conductors 
shall not be identified by stripping the insulation. 

(2) Feeder conductors shall be installed in compliance with 
250.32(B). 

Exception: For an existing feeder that is installed between 
the service equipment and a disconnecting means as cov¬ 
ered in 550.32(A), it shall be permitted to omit the equip¬ 
ment grounding conductor where the grounded circuit con¬ 
ductor is grounded at the disconnecting means in 
accordance with 250.32(B) Exception. 

(B) Feeder Capacity. Mobile home and manufactured 
circuit conductors shall have a capacity not 

f the loads supplied, shall be rated at not less than 
res, and shall be permitted to be sized in accor- 
h 310.15(B)(7). 

ARTICLE 551 

reational Vehicles and Recreational 
Vehicle Parks 


I. General 

551.1 Scope. The provisions of this article cover the elec¬ 
trical conductors and equipment other than low-voltage and 
automotive vehicle circuits or extensions thereof, installed 
within or on recreational vehicles, the conductors that con¬ 
nect recreational vehicles to a supply of electricity, and the 
installation of equipment and devices related to electrical 
installations within a recreational vehicle park. 

Informational Note: For information on low-voltage sys¬ 
tems, refer to NFPA 1192-2011, Standard on Recreational 
Vehicles, and ANSI/RVIA 12V-2011, Standard for Low 
Voltage Systems in Conversion and Recreational Vehicles. 

[ROP 19-44a] 

551.2 Definitions. (See Article 100 for additional defini¬ 
tions.) 

Air-Conditioning or Comfort-Cooling Equipment. All of 

that equipment intended or installed for the purpose of pro¬ 
cessing the treatment of air so as to control simultaneously 
or individually its temperature, humidity, cleanliness, and 
distribution to meet the requirements of the conditioned 
space. 

Appliance, Fixed. An appliance that is fastened or other¬ 
wise secured at a specific location. 

[ROP 19-44b, ROP 19-44c, ROP 19-46] 
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Camping Trailer. A vehicular portable unit mounted on 
wheels and constructed with collapsible partial side walls 
that fold for towing by another vehicle and unfold at the 
campsite to provide temporary living quarters for recre¬ 
ational, camping, or travel use. (See Recreational Vehicle.) 

Converter. A device that changes electrical energy from 
one form to another, as from alternating current to direct 
current. 

Dead Front (as applied to switches, circuit breakers, 
switchboards, and panelboards). Designed, constructed, 
and installed so that no current-carrying parts are normally 
exposed on the front. [ROP 19-45] 

Disconnecting Means. The necessary equipment usually 
consisting of a circuit breaker or switch and fuses, and their 
accessories, located near the point of entrance of supply 
conductors in a recreational vehicle and intended to consti¬ 
tute the means of cutoff for the supply to that recreational 
vehicle. 

[ROP 19-45] 

Frame. Chassis rail and any welded addition thereto of 
metal thickness of 1.35 mm (0.053 in.) or greater. 

Low Voltage. An electromotive force rated 24 volts, nomi¬ 
nal, or less. 

Motor Home. A vehicular unit designed to provide tempo¬ 
rary living quarters for recreational, camping, or travel use 
built on or permanently attached to a self-propelled motor 
vehicle chassis or on a chassis cab or van that is an infamfal 
part of the completed vehicle. (See RecreatiBljiMVekicle.) 

Power-Supply Assembly. The conductors, including un¬ 
grounded, grounded, and equipment grounding conductors, 
the connectors, attachment plug caps, and all other fittmgs, 
grommets, or devices installed for the purpose offlelivering 
energy from the source of electrical supply toithe distribu¬ 
tion panel within the recreational vehicle. 

Recreational Vehicle. A vehicular-type umt primarily de¬ 
signed as temporary living quarters for recreational, camp¬ 
ing, or travel use, which either has its own motive power or 
is mounted on or drawn by another vehicle. [ROP 19-48] 

Informational Note: The basic entities are travel trailer, 
camping trailer, truck camper, and motor home as refer¬ 
enced in NFPA 1192-2011, Standard on Recreational Ve¬ 
hicles. See 3.3.46, definition of Recreational Vehicle and 
A.3.3.46. [ROP 19-48] 

Recreational Vehicle Park. A plot of land upon which two 
or more recreational vehicle sites are located, established, 
or maintained for occupancy by recreational vehicles of the 
general public as temporary living quarters for recreation or 
vacation purposes. 

Recreational Vehicle Site. A plot of ground within a rec¬ 
reational vehicle park set aside for the accommodation of a 


recreational vehicle on a temporary basis. It can be used as 
either a recreational vehicle site or as a camping unit site. 

Recreational Vehicle Site Feeder Circuit Conductors. 

The conductors from the park service equipment to the 
recreational vehicle site supply equipment. 

Recreational Vehicle Site Supply Equipment. The neces¬ 
sary equipment, usually a power outlet, consisting of a cir¬ 
cuit breaker or switch and fuse and their accessories, lo¬ 
cated near the point of entrance of supply conductors to a 
recreational vehicle site and intended to constitute the dis¬ 
connecting means for the supply to that site. 

Recreational Vehicle Stand. That area of a recreational 
vehicle site intended for the placement of a recreational 
vehicle. 

Travel Trailer. A vehicular unit, mounted on wheels, de¬ 
signed to provide temporary living quarters for recreational, 
campin^por travel use, of such size or weight as not to 
require special highway movement permits when towed by 
a motorized vehicle, and of gross trailer area less than 30 
m 2 (320 it 2 ). (See Recreational Vehicle.) 

Truck Camper. A portable unit constructed to provide 
^^fcMjary li^fcg quarters for recreational, travel, or camp¬ 
ing use, consisting of a roof, floor, and sides, designed to be 
loaded onto and unloaded from the bed of a pickup truck. 
(See Recreational Vehicle.) 


(A) Not Covered. A recreational vehicle not used for the 
purposes as defined in 551.2 shall not be required to meet 
the provisions of Part IV pertaining to the number or ca¬ 
pacity of circuits required. It shall, however, meet all other 
applicable requirements of this article if the recreational 
vehicle is provided with an electrical installation intended 
to be energized from a 120-volt, 208Y/120-volt, or 
120/240-volt, nominal, ac power-supply system. 

(B) Systems. This article covers combination electrical 
systems, generator installations, and 120-volt, 208Y/l 20- 
volt, or 120/240-volt, nominal, systems. 

Informational Note: For information on low-voltage sys¬ 
tems, refer to NFPA 1192-2011, Standard on Recreational 
Vehicles, and ANSI/RVIA 12V-2011, Standard for Low 
Voltage Systems in Conversion and Recreational Vehicles. 

[ROP 19^49a] 

(C) Labels. Labels required by Article 551 shall be made 
of etched, metal-stamped, or embossed brass, stainless 
steel, or plastic laminates 0.005 in. (0.13 mm) minimum 
thick, or anodized or alclad aluminum not less than 
0.020 in. (0.5 mm) thick or equal. [ROP 19-50] 
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II. Combination Electrical Systems 
551.20 Combination Electrical Systems. 

(A) General. Vehicle wiring suitable for connection to a 
battery or dc supply source shall be permitted to be con¬ 
nected to a 120-volt source, provided the entire wiring sys¬ 
tem and equipment are rated and installed in full confor¬ 
mity with Parts I, II, III, IV, and V requirements of this 
article covering 120-volt electrical systems. Circuits fed 
from ac transformers shall not supply dc appliances. 

(B) Voltage Converters (120-Volt Alternating Current 
to Low-Voltage Direct Current). The 120-volt ac side of 
the voltage converter shall be wired in full conformity with 
Parts I, II, and IV requirements of this article for 120-volt 
electrical systems. [ROP 19-42b] 

Exception: Converters supplied as an integral part of a 
listed appliance shall not he subject to 551.20(B). 

All converters and transformers shall be listed for use in 
recreational vehicles and designed or equipped to provide 
overtemperature protection. To determine the converter rat¬ 
ing, the following percentages shall be applied to the total 
connected load, including average battery-charging rate, of 
all 12-volt equipment: 

The first 20 amperes of load at 100 percent plus 

The second 20 amperes of load at 50 percent plus 

All load above 40 amperes at 25 

Exception: A low-voltage appliance 
momentary switch (normally open) 
holding in the closed position or refri g! 
volt function shall not be 
when determining the re, 
tarily energized applian 
prepare the vehicle for o3 







COimected load 
rating. Momen- 
to tlwse used to 
•el. 


(C) Bonding Voltage Converter ^Enclosures. The non- 
current-carrying metal enclosure of the voltage converter 
shall be connected to the frame of the vehicle with a mini¬ 
mum 8 AWG copper conductor. The voltage converter shall 
be provided with a separate chassis bonding conductor that 
shall not be used as a current-carrying conductor. 

(D) Dual-Voltage Fixtures, Including Luminaires or Ap¬ 
pliances. Fixtures, including luminaires, or appliances hav¬ 
ing both 120-volt and low-voltage connections shall be 
listed for dual voltage. 

(E) Autotransformers. Autotransformers shall not be 
used. 

(F) Receptacles and Plug Caps. Where a recreational ve¬ 
hicle is equipped with an ac system, a low-voltage system, 
or both, receptacles and plug caps of the low-voltage sys¬ 
tem shall differ in configuration from those of the ac sys¬ 


tem. Where a vehicle equipped with a battery or other low- 
voltage system has an external connection for low-voltage 
power, the connector shall have a configuration that will 
not accept ac power. 

III. Other Power Sources 
551.30 Generator Installations. 

(A) Mounting. Generators shall be mounted in such a 
manner as to be effectively bonded to the recreational ve¬ 
hicle chassis. 

(B) Generator Protection. Equipment shall be installed to 
ensure that the current-carrying conductors from the engine 
generator and from an outside source are not connected to a 
vehicle chjffit at the same time. Automatic transfer 
switches|in such applications shall be listed for use in one 
of the following: 

(^yjfemcrgency 'systems 

Optional standby»ystems 

eptacles used as disconnecting means shall be ac- 
Sle (as applied to wiring methods) and capable of in¬ 
terrupting their rated current without hazard to the operator. 

(C) Installation of Storage Batteries and Generators. 

Storage batteries and internal-combustion-driven generator 
units (subject to the provisions of this Code) shall be se¬ 
cured in place to avoid displacement from vibration and 
road shock. 

(D) Ventilation of Generator Compartments. Compart¬ 
ments accommodating internal-combustion-driven genera¬ 
tor units shall be provided with ventilation in accordance 
with instructions provided by the manufacturer of the gen¬ 
erator unit. 

Informational Note: For generator compartment construc¬ 
tion requirements, see NFPA 1192-2011, Standard on Rec¬ 
reational Vehicles. [ROP 19-51a] 

(E) Supply Conductors. The supply conductors from the 
engine generator to the first termination on the vehicle shall 
be of the stranded type and be installed in listed flexible 
conduit or listed liquidtight flexible conduit. The point of 
first termination shall be in one of the following: 

(1) Panelboard 

(2) Junction box with a blank cover 

(3) Junction box with a receptacle 

(4) Enclosed transfer switch 

(5) Receptacle assembly listed in conjunction with the 
generator 

The panelboard, enclosed transfer switch, or junction 
box with a receptacle shall be installed within 450 mm 
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(18 in.) of the point of entry of the supply conductors into 
the vehicle. A junction box with a blank cover shall be 
mounted on the compartment wall inside or outside the 
compartment, or to any part of the generator supporting 
structure (but not to the generator), or to the vehicle floor 
on the outside of the vehicle, or within 18” of the point of 
entry of the supply conductors into the vehicle. A receptacle 
assembly listed in conjunction with the generator shall be 
mounted in accordance with its listing. [ROP 19-52] 

551.31 Multiple Supply Source. 

(A) Multiple Supply Sources. Where a multiple supply 
system consisting of an alternate power source and a 
power-supply cord is installed, the feeder from the alternate 
power source shall be protected by an overcurrent protec¬ 
tive device. Installation shall be in accordance with 
551.30(A), 551.30(B), and 551.40. 

(B) Multiple Supply Sources Capacity. The multiple sup¬ 
ply sources shall not be required to be of the same capacity. 

(C) Alternate Power Sources Exceeding 30 Amperes. If 

an alternate power source exceeds 30 amperes, 120 volts, 
nominal, it shall be permissible to wire it as a 120-volt, 
nominal, system, a 208Y/120-volt, nominal, system, or a 
120/240-volt, nominal, system, provided an overcurrent 
protective device of the proper rating is installed in the 
feeder. 


(D) Power-Supply Assembly Not Less 
peres. The external power-supply assembly 
mitted to be less than the calculated load but not’ 

30 amperes and shall have overcurrent protection 'pot 
greater than the capacity of the external power-supply as¬ 
sembly. t 



551.32 Other Sources. Other sources of ac power, such as 
inverters, motor generators, or engine generators, shall be 
listed for use in recreational vehicles and shall be installed 
in accordance with the terms of the listing. Other sources of 
ac power shall be wired in full conformity with the require¬ 
ments in Parts I, II, III, IV, and V of this article covering 
120-volt electrical systems. 

551.33 Alternate Source Restrictions. Transfer equip¬ 
ment, if not integral with the listed power source, shall be 
installed to ensure that the current-carrying conductors 
from other sources of ac power and from an outside source 
are not connected to the vehicle circuit at the same time. 
Automatic transfer switches in such applications shall be 
listed for use in one of the following: 

(1) Emergency systems 

(2) Optional standby systems 


IV. Nominal 120-Volt or 120/240-Volt Systems 

551.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of recreational vehicles indicated for connection to 
a wiring system rated 120 volts, nominal, 2-wire with 
equipment grounding conductor, or a wiring system rated 
120/240 volts, nominal, 3-wire with equipment grounding 
conductor, shall be listed and installed in accordance with 
the requirements of Parts I, II, III, IV, and V of this article. 
Electrical equipment connected line-to-line shall have a 
voltage rating of 208-230 volts. 

(B) Materials and Equipment. Electrical materials, de¬ 
vices, appliances, fittings, and other equipment installed in, 
intended for use ir^ir attached to the recreational vehicle 
shall be listed. All products shall be used only in the man¬ 
ner in which they have been tested and found suitable for 
the intends 

(C) Ground-Fault Circuit-Interrupter Protection. The 

internal wiring of a recreational vehicle having only one 
15- or 20-ampere branch circuit as permitted in 551.42(A) 
and (B) shall have ground-fault circuit-interrupter protec- 
for personnel. The ground-fault circuit interrupter shall 
ed at the point where the power supply assembly 
ithin the recreational vehicle. Where a sepa- 
cord set is not employed, the ground-fault circuit in- 
upter shall be permitted to be an integral part of the 
chment plug of the power supply assembly. The ground- 
ult circuit interrupter shall provide protection also under 
the conditions of an open grounded circuit conductor, inter¬ 
changed circuit conductors, or both. 

551.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlets shall be installed at wall 
spaces 600 mm (2 ft) wide or more so that no point along 
the floor line is more than 1.8 m (6 ft), measured horizon¬ 
tally, from an outlet in that space. 

Exception No. 1: Bath and hallway areas. 

Exception No. 2: Wall spaces occupied by kitchen cabi¬ 
nets, wardrobe cabinets, built-in furniture, behind doors 
that may open fully against a wall surface, or similar 
facilities. 

(B) Location. Receptacle outlets shall be installed as fol¬ 
lows: 

(1) Adjacent to countertops in the kitchen [at least one on 
each side of the sink if countertops are on each side and 
are 300 mm (12 in.) or over in width and depth] [ROP 
19-56] 

(2) Adjacent to the refrigerator and gas range space, except 
where a gas-fired refrigerator or cooking appliance, re- 
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quiring no external electrical connection, is factory in¬ 
stalled 

(3) Adjacent to countertop spaces of 300 mm (12 in.) or 
more in width and depth that cannot be reached from a 
receptacle required in 551.41(B)(1) by a cord of 1.8 m 
(6 ft) without crossing a traffic area, cooking appliance, 
or sink [ROP 19-56] 


recreational vehicles shall be equipped with one 15-ampere 
switch and fuse or one 15-ampere circuit breaker. 

(B) One 20-Ampere Circuit. One 20-ampere circuit to 
supply lights, receptacle outlets, and fixed appliances. Such 
recreational vehicles shall be equipped with one 20-ampere 
switch and fuse or one 20-ampere circuit breaker. 


(4) Roof top decks that are accessible from inside the RV 
shall have at least one receptacle installed within the 
perimeter of the roof top deck. The receptacle shall not 
be located more than 1.2m (4 ft) above the balcony, 
deck, or porch surface. The receptacle shall comply 
with the requirements of 406.9(B) for wet locations. 
[ROP 19-57] 

(C) Ground-Fault Circuit-Interrupter Protection. 

Where provided, each 125-volt, single-phase, 15- or 20- 
ampere receptacle outlet shall have ground-fault circuit- 
interrupter protection for personnel in the following loca¬ 
tions: 

(1) Adjacent to a bathroom lavatory 

(2) Where the receptacles are installed to serve the coun¬ 
tertop surfaces and are within 1.8 m (6 ft) of any lava¬ 
tory or sink 

Exception No. 1: Receptacles installed for appliam 
dedicated spaces, such as for dishwashers, disposals J 
frigerators, freezers, and laundry equipme. 

Exception No. 2: Single receptacles f^/mteri 
tions of expandable room sections. 

Exception No. 3: De-energized receptach 
1.8 m (6 ft) of any sink or lavatory due tc 
the expandable room secti 

(3) In the area occupi 
combination thereof 

(4) On the exterior of the 

Exception: Receptacles that are inside of an access 

panel that is installed on the exterior of the vehicle to 
supply power for an installed appliance shall not be re¬ 
quired to have ground-fault circuit-interrupter protection. 




er, tub, or any 


(C) Two to Five 15- or 20-Ampere Circuits. A maximum 
of five 15- or 20-ampere circuits to supply lights, receptacle 
outlets, and fixed appliances shall be permitted. Such rec¬ 
reational vehicles shall be permitted to be equipped with 
panelboards rated 120 volts maximum or 120/240 volts 
maximum and listed for 30-ampere application supplied by 
the appropriate power-supply assemblies. Not more than 
two 120-volt thermostatically controlled appliances (e.g., 
air conditioner and water heater) shall be installed in such 
systems unless appliance isolation switching, energy man- 
agemapr systems, or similar methods are used. [ROP 
19-45| 

'xceptian No. 1: T Additional 15- or 20-ampere circuits 
hall bwpermitted where a listed energy management sys¬ 
tem rated at 30-ampere maximum is employed within the 

system. 


No. 2: Six 15- or 20-ampere circuits shall be 
.ted without employing an energy management sys- 
provided the combined load of two circuits does not 
exceed the allowable load of a single circuit. [ROP 19-59] 

Informational Note: See 210.23(A) for permissible loads. 

See 551.45(C) for main disconnect and overcurrent protec¬ 
tion requirements. 

(D) More Than Five Circuits Without a Listed Energy 
Management System. A 50-ampere, 120/208-240-volt 
power-supply assembly and a minimum 50-ampere-rated 
panelboard shall be used where six or more circuits are 
employed. The load distribution shall ensure a reasonable 
current balance between phases. [ROP 19-45] 

551.43 Branch-Circuit Protection. 


The receptacle outlet shall be permitted in a listed lu¬ 
minaire. A receptacle outlet shall not be installed in a tub or 
combination tub-shower compartment. 

(D) Face-Up Position. A receptacle shall not be installed 
in a face-up position in any countertop or similar horizontal 
surface. [ROP 19-58] 

551.42 Branch Circuits Required. Each recreational ve¬ 
hicle containing an ac electrical system shall contain one of 
the circuit arrangements in 551.42(A) through (D). 

(A) One 15-Ampere Circuit. One 15-ampere circuit to 
supply lights, receptacle outlets, and fixed appliances. Such 


(A) Rating. The branch-circuit overcurrent devices shall 
be rated as follows: 

(1) Not more than the circuit conductors, and 

(2) Not more than 150 percent of the rating of a single 
appliance rated 13.3 amperes or more and supplied by 
an individual branch circuit, but 

(3) Not more than the overcurrent protection size marked 
on an air conditioner or other motor-operated 
appliances 

(B) Protection for Smaller Conductors. A 20-ampere 
fuse or circuit breaker shall be permitted for protection for 
fixtures, including luminaires, leads, cords, or small appli- 
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ances, and 14 AWG tap conductors, not over 1.8 m (6 ft) 
long for recessed luminaires. 

(C) Fifteen-Ampere Receptacle Considered Protected 
by 20 Amperes. If more than one receptacle or load is on a 
branch circuit, a 15-ampere receptacle shall be permitted to 
be protected by a 20-ampere fuse or circuit breaker. 

551.44 Power-Supply Assembly. Each recreational ve¬ 
hicle shall have only one of the main power-supply assem¬ 
blies covered in 551.44(A) through (D). 

(A) Fifteen-Ampere Main Power-Supply Assembly. 

Recreational vehicles wired in accordance with 551.42(A) 
shall use a listed 15-ampere or larger main power-supply 
assembly. 

(B) Twenty-Ampere Main Power-Supply Assembly. 

Recreational vehicles wired in accordance with 551.42(B) 
shall use a listed 20-ampere or larger main power-supply 
assembly. 

(C) Thirty-Ampere Main Power-Supply Assembly. Rec¬ 
reational vehicles wired in accordance with 551.42(C) shall 
use a listed 30-ampere or larger main power-supply assem¬ 
bly. 


(D) Fifty-Ampere Power-Supply Assembly. Rec reatio nal 
vehicles wired in accordance with 551.42(D) 
listed 50-ampere, 120/208-240-volt main po 
sembly. 

551.45 Panelboard. [ROP 19-45] 



(A) Listed and Appropriately Rated. A listannd appro¬ 
priately rated panelboard or other equipment specifically 
listed for this purpose shall be used. The grounded conduc¬ 
tor termination bar shall be insulated from the enclosure as 
provided in 551.54(C). An equipment grounding terminal 
bar shall be attached inside the enclosure of the panelboard. 
[ROP 19-45] 

(B) Location. The panelboard) s) shall be installed in a 
readily accessible location with the RV in the setup mode. 
Working clearance for the panelboard with the RV in the 
setup mode shall be not less than 600 mm (24 in.) wide and 
750 mm (30 in.) deep. A panelboard shall not be placed 
under sinks or in areas occupied by toilets, showers or tubs. 
[ROP 19-45, ROP 19-60] 

Exception No. 1: Where the panelboard cover is exposed 
to the inside aisle space, one of the working clearance 
dimensions shall be permitted to be reduced to a minimum 
of 550 mm (22 in.). A panelboard is considered exposed 
where the panelboard cover is within 50 mm (2 in.) of the 
aisle’s finished surface and no more than 25 mm (1 in.) 


from the backside of doors that enclose the space. [ROP 
19-61], 

Exception No. 2: Compartment doors used for access to a 
generator shall be permitted to be equipped with a locking 
system. 

(C) Dead-Front Type. The panelboard shall be of the 
dead-front type and shall consist of one or more circuit 
breakers or Type S fuseholders. A main disconnecting 
means shall be provided where fuses are used or where 
more than two circuit breakers are employed. A main over¬ 
current protective device not exceeding the power-supply 
assembly rating shall be provided where more than two 
branch circuits are employed. [ROP 19—45 ] 

551.46 Means foiy Connecting to Power Supply. 

(A) Assembly. The power-supply assembly or assemblies 
shall be facWpy supplied or factory installed and be of one 
of the types specified herein. 

, arable. Where a separable power-supply assembly 
isting of a'cord with a female connector and molded 
Tug cap is provided, the vehicle shall be 
:h a permanently mounted, flanged surface inlet 
type motor-base attachment plug) wired di- 
anelboard by an approved wiring method, 
ent plug cap shall be of a listed type. [ROP 


Permanently Connected. Each power-supply assem- 
y shall be connected directly to the terminals of the pan¬ 
elboard or conductors within a junction box and provided 
with means to prevent strain from being transmitted to the 
terminals. The ampacity of the conductors between each 
junction box and the terminals of each panelboard shall be 
at least equal to the ampacity of the power-supply cord. The 
supply end of the assembly shall be equipped with an at¬ 
tachment plug of the type described in 551.46(C). Where 
the cord passes through the walls or floors, it shall be pro¬ 
tected by means of conduit and bushings or equivalent. The 
cord assembly shall have permanent provisions for protec¬ 
tion against corrosion and mechanical damage while the 
vehicle is in transit, and while the cord assembly is being 
stored or removed for use. [ROP 19-45, ROP 19-62] 


(B) Cord. The cord exposed usable length shall be mea¬ 
sured from the point of entrance to the recreational vehicle 
or the face of the flanged surface inlet (motor-base attach¬ 
ment plug) to the face of the attachment plug at the supply 
end. 

The cord exposed usable length, measured to the point 
of entry on the vehicle exterior, shall be a minimum of 7.5 
m (25 ft) where the point of entrance is at the side of the 
vehicle or shall be a minimum 9.0 m (30 ft) where the point 
of entrance is at the rear of the vehicle. 
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Where the cord entrance into the vehicle is more than 
900 mm (3 ft) above the ground, the minimum cord lengths 
above shall be increased by the vertical distance of the cord 
entrance heights above 900 mm (3 ft). 

Informational Note: See 551.46(E) for location of point of 
entrance of a power-supply assembly on the recreational 
vehicle exterior. [ROP 19-62a] 

(€) Attachment Plugs. 

(1) Units with One 15-Ampere Branch Circuit. Recre¬ 
ational vehicles having only one 15-ampere branch circuit 
as permitted by 551.42(A) shall have an attachment plug 
that shall be 2-pole, 3-wire grounding type, rated 15 am¬ 
peres, 125 volts, conforming to the configuration shown in 
Figure 551.46(C) . 

Informational Note: Complete details of this configuration 
can be found in ANSI/NEMA WD 6-2002, National Elec¬ 
trical Manufacturers Association’s Standard for Dimensions 
of Attachment Plugs and Receptacle , Figure 5.15. 


Receptacles Caps 



50-A, 125/250-V, 3-pole, 4-wire, grounding type 


Figure 551.46(C) Configurations for Grounding-Type Recep¬ 
tacles and Attachment Plug Caps Used for Recreational Ve¬ 
hicle Supply Cords and Recreational Vehicle Lots. 


(2) Units with One 20-Ampere Branch Circuit. Recre¬ 
ational vehicles having only one 20-ampere branch circuit 
as permitted in 551.42(B) shall have an attachment plug 
that shall be 2-pole, 3-wire grounding type, rated 20 am¬ 
peres, 125 volts, conforming to the configuration shown in 
Figure 551.46(C) . 

Informational Note: Complete details of this configuration 
can be found in ANSI/NEMA WD 6-2002, National Elec¬ 
trical Manufacturers Association’s Standard for Dimensions 
of Attachment Plugs and Receptacles , Figure 5.20. 


(3) Units with Two to Five 15- or 20-Ampere Branch 
Circuits. Recreational vehicles wired in accordance with 
551.42(C) shall have an attachment plug that shall be 
2-pole, 3-wire grounding type, rated 30 amperes, 125 volts, 
conforming to the configuration shown in Figure 551.46(C) 
, intended for use with units rated at 30 amperes, 125 volts. 


Informational Note: Complete details of this configuration 
can be found in ANSI/NEMA WD 6-2002, National Elec¬ 
trical Manufacturers Association’s Standard for Dimensions 
of Attachment Plugs and Receptacles , Figure TT. 


(4) Units with 50-Ampere Power-Supply Assembly. Rec¬ 
reational vehicles having a power-supply assembly rated 50 
amperes as permitted by 551.42(D) shall have a 3-pole, 
4-wire grounding-type attachment plug rated 50 amperes, 



125/250 volts^conforming to the configuration shown in 
Figure 551.46(C) . 

Informational Note: Complete details of this configuration 
ca^pf found in ANSI/NEMA WD 6-2002, National Elec- 
al Manufacturers Association’s Standard for Dimensions 
£>/Attachment Plugs and Receptacles , Figure 14.50. 

(D) Labeling at Electrical Entrance. Each recreational 
vehicle shall have a safety label with the signal word 
ling” with minimum 14 in. ( 6 mm) high letters and 
body text with minimum Vs in. (3 mm) high letters on a 
JrasWng background, affixed to the exterior skin, at or 
neartie point of entrance of the power-supply cord(s) that 
reads, as appropriate, either [ROP 19-63] 

WARNING [ROP 19-63] 

THIS CONNECTION IS FOR 110-125-VOLT AC, 

60 HZ,_AMPERE SUPPLY. 


or 

THIS CONNECTION IS FOR 208Y/120-VOLT or 
120/240-VOLT AC, 3-POLE, 4-WIRE, 

60 HZ,_AMPERE SUPPLY. 

DO NOT EXCEED CIRCUIT RATING. 

EXCEEDING THE CIRCUIT RATING MAY CAUSE A 
FIRE AND RESULT IN DEATH OR SERIOUS INJURY 
[ROP 19-63] 


The correct ampere rating shall be marked in the blank 


space. 


(E) Location. The point of entrance of a power-supply 
assembly shall be located within 4.5 m (15 ft) of the rear, 
on the left (road) side or at the rear, left of the longitudinal 
center of the vehicle, within 450 mm (18 in.) of the outside 
wall. 


Exception No. 1: A recreational vehicle equipped with 
only a listed flexible drain system or a side-vent drain sys¬ 
tem shall be permitted to have the electrical point of en¬ 
trance located on either side, provided the drain(s) for the 
plumbing system is (are) located on the same side. 
Exception No. 2: A recreational vehicle shall be permitted 
to have the electrical point of entrance located more than 
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4.5 m (15 ft) from the rear. Where this occurs, the distance 
beyond the 4.5-m (15-ft) dimension shall be added to the 
cord’s minimum length as specified in 551.46(B). 

Exception No. 3: Recreational vehicles designed for trans¬ 
porting livestock shall be permitted to have the electrical 
point of entrance located on either side or the front. 

551.47 Wiring Methods. 


tubes shall be securely held in place. Where nonmetallic- 
sheathed cables pass through punched, cut, or drilled slots 
or holes in metal members, the cable shall be protected by 
bushings or grommets securely fastened in the opening 
prior to installation of the cable. 

(H) Bends. No bend shall have a radius of less than five 
times the cable diameter. 


(A) Wiring Systems. Cables and raceways installed in ac¬ 
cordance with Articles 320, 322, 330 through 340, 342 
through 362, 386, and 388 shall be permitted in accordance 
with their applicable article, except as otherwise specified 
in this article. An equipment grounding means shall be pro¬ 
vided in accordance with 250.118. 


(I) Cable Supports. Where connected with cable connec¬ 
tors or clamps, cables shall be secured and supported within 
300 mm (12 in.) of outlet boxes, panelboards, and splice 
boxes on appliances. Supports and securing shall be pro¬ 
vided at intervals not exceeding 1.4 m (41/2 ft) at other 
places. [ROP 19-69, ROP 19-45] 


(B) Conduit and Tubing. Where rigid metal conduit or 
intermediate metal conduit is terminated at an enclosure 
with a locknut and bushing connection, two locknuts shall 
be provided, one inside and one outside of the enclosure. 
All cut ends of conduit and tubing shall be reamed or oth¬ 
erwise finished to remove rough edges. 

(C) Nonmetallic Boxes. Nonmetallic boxes shall be ac¬ 
ceptable only with nonmetallic-sheathed cable or nonmetal¬ 
lic raceways. 

(D) Boxes. In walls and ceilings constructed of wood or 
other combustible material, boxes and fittings shall be lltisli 
with the finished surface or project therefrom. 


38-mm (IV 2 - 
' of a thick- 


(E) Mounting. Wall and ceiling boxes shai 
accordance with Article 314. 

Exception No. 1: Snap-in-type ooxe 
with special wall or ceiling brackets that ss 
boxes in walls or ceilings shall ^ permitted. 

Exception No. 2: A wooden plate providing a . 
in.) minimum width backing around tn'eS^XA 
ness of 13 mm (V 2 in.) or greater (actual) anached directly 
to the wall panel shall be considered as approved means 
for mounting outlet boxes. 

(F) Raceway and Cable Continuity. Raceways and cable 
sheaths shall be continuous between boxes and other enclo- 


(G) Protected. Metal-clad, Type AC, or nonmetallic- 
sheathed cables and electrical nonmetallic tubing shall be 
permitted to pass through the centers of the wide side of 2 
by 4 wood studs. However, they shall be protected where 
they pass through 2 by 2 wood studs or at other wood studs 
or frames where the cable or tubing would be less than 
32 mm (114 in.) from the inside or outside surface. Steel 
plates on each side of the cable or tubing or a steel tube, 
with not less than 1.35 mm (0.053 in.) wall thickness, shall 
be installed to protect the cable or tubing. These plates or 


(J) Nonmetallic 

Nonmetallic 
ported withi 
without c 




x Without Cable Clamps. 

cables shall be secured and sup- 
in.) of a nonmetallic outlet box 
here wiring devices with integral 


enclosujprare employedUmith a loop of extra cable to per¬ 
mit future replacement of the device, the cable loop shall be 
considered M ,/an integral portion of the device. [ROP 


Physical Damage. Where subject to physical damage, 
exposed nonmetallic cable shall be protected by covering 
boards, guard strips, raceways, or other means. 

) Receptacle Faceplates. Metal faceplates shall comply 
h Section 406.5(A). Nonmetallic faceplates shall comply 
th Section 406.5(C). 

(M) Metal Faceplates Grounded. Where metal faceplates 
are used, they shall be grounded. 

(N) Moisture or Physical Damage. Where outdoor or 
under-chassis wiring is 120 volts, nominal, or over and is 
exposed to moisture or physical damage, the wiring shall be 
protected by rigid metal conduit, by intermediate metal 
conduit, or by electrical metallic tubing, rigid nonmetallic 
conduit, or Type MI cable, that is closely routed against 
frames and equipment enclosures or other raceway or cable 
identified for the application. 

(O) Component Interconnections. Fittings and connec¬ 
tors that are intended to be concealed at the time of assem¬ 
bly shall be listed and identified for the interconnection of 
building components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, tem¬ 
perature rise, and fault-current withstanding and shall be 
capable of enduring the vibration and shock occurring in 
recreational vehicles. 

(P) Method of Connecting Expandable Units. The 

method of connecting expandable units to the main body of 
the vehicle shall comply with 551.47(P)(1) or (P)(2): 
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(1) Cord-and-Plug-Connected. Cord-and-plug connec¬ 
tions shall comply with (a) through (d). 

(a) That portion of a branch circuit that is installed in 
an expandable unit shall be permitted to be connected to the 
portion of the branch circuit in the main body of the vehicle 
by means of an attachment plug and cord listed for hard 
usage. The cord and its connections shall comply with all 
provisions of Article 400 and shall be considered as a per¬ 
mitted use under 400.7. Where the attachment plug and 
cord are located within the vehicle’s interior, use of plastic 
thermoset or elastomer parallel cord Type SPT-3, SP-3, or 
SPE shall be permitted. 

(b) Where the receptacle provided for connection of 
the cord to the main circuit is located on the outside of the 
vehicle, it shall be protected with a ground-fault circuit 
interrupter for personnel and be listed for wet locations. A 
cord located on the outside of a vehicle shall be identified 
for outdoor use. 

(c) Unless removable or stored within the vehicle in¬ 
terior, the cord assembly shall have permanent provisions 
for protection against corrosion and mechanical damage 
while the vehicle is in transit. 

(d) The attachment plug and cord shall be installed so 
as not to permit exposed live attachment plug pins. 


(2) Direct Wired. That portion of a branch circuit tl 
installed in an expandable unit shall be 
connected to the portion of the branch 
body of the vehicle by means of fle 
accordance with 551.47(P)(2)(a) thri 
approved wiring method. 


(a) The flexible cord s 
for use in wet locations. 

(b) The flexible con 
on the underside of the 

(c) The flexible cord 
the interior of a wall or floor 





usage and 

permitted to be exposed 

to pass through 
or both a maximum 
concealed length of 600 mm (24 inT) before terminating at 
an outlet or junction box. 

(d) Where concealed, the flexible cord shall be in¬ 
stalled in nonflexible conduit or tubing that is continuous 
from the outlet or junction box inside the recreational ve¬ 
hicle to a weatherproof outlet box, junction box, or strain 
relief fitting listed for use in wet locations that is located on 
the underside of the recreational vehicle. The outer jacket 
of the flexible cord shall be continuous into the outlet or 
junction box. 

(e) Where the flexible cord passes through the floor to 
an exposed area inside of the recreational vehicle, it shall 
be protected by means of conduit and bushings or 
equivalent. 

Where subject to physical damage, the flexible cord 
shall be protected with RMC, IMC, Schedule 80 PVC, re¬ 


inforced thermosetting resin conduit (RTRC) listed for ex¬ 
posure to physical damage, or other approved means and 
shall extend at least 150 mm (6 in.) above the floor. A 
means shall be provided to secure the flexible cord where it 
enters the recreational vehicle. 

(Q) Prewiring for Air-Conditioning Installation. Prewir¬ 
ing installed for the purpose of facilitating future air- 
conditioning installation shall comply with the applicable 
portions of this article and the following: 

(1) An overcurrent protective device with a rating compat¬ 
ible with the circuit conductors shall be installed in the 
panelboard and wiring connections completed. [ROP 
19-45] 

(2) The load end of the circuit shall terminate in a junction 
box witty) blank cover or other listed enclosure. Where 
a junction box with a blank cover is used, the free ends 
of the conductors shall be adequately capped or taped. 

with the signal word “WARNING” with 
mimum V4^nU6 mm) high letters and body text with 
minimum Vs in^p mm) high letters on a contrasting 
background, shall be affixed on or adjacent to the junc- 
n box and shall read as follows: [ROP 19-73] 

ING [ROP 19-73] 

DITIONING CIRCUIT. 

ONNECTION IS FOR AIR CONDITIONERS 
ED 110-125-VOLT AC, 60 HZ, 

_AMPERES MAXIMUM. 

DO NOT EXCEED CIRCUIT RATING. 

EXCEEDING THE CIRCUIT RATING MAY 
CAUSE A FIRE AND RESULT IN DEATH 
OR SERIOUS INJURY. [ROP 19-73] 

An ampere rating, not to exceed 80 percent of the circuit 
rating, shall be legibly marked in the blank space. 

(4) The circuit shall serve no other purpose. 

(R) Prewiring for Generator Installation. Prewiring in¬ 
stalled for the purpose of facilitating future generator instal¬ 
lation shall comply with the other applicable portions of 
this article and the following: 

(1) Circuit conductors shall be appropriately sized in rela¬ 
tion to the anticipated load as stated on the label re¬ 
quired in (R)(4). 

(2) Where junction boxes are utilized at either of the cir¬ 
cuit originating or terminus points, free ends of the 
conductors shall be adequately capped or taped. 

(3) Where devices such as receptacle outlet, transfer 
switch, and so forth, are installed, the installation shall 
be complete, including circuit conductor connections. 

(4) A safety label with the signal word “WARNING” with 
minimum Vi in. (6 mm) high letters and body text with 
minimum Vs in. (3 mm) high letters on a contrasting 
background, shall be affixed on the cover of each junc- 
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tion box containing incomplete circuitry and shall read, 
as appropriate, either [ROP 19-74] 

WARNING [ROP 19-74] 

GENERATOR 

ONLY INSTALL A GENERATOR LISTED 
SPECIFICALLY FOR RV USE 
HAVING OVERCURRENT PROTECTION 
RATED 110-125-VOLT AC, 

60 HZ,_AMPERES MAXIMUM. 


GENERATOR 

ONLY INSTALL A GENERATOR LISTED 
SPECIFICALLY FOR RV USE 
HAVING OVERCURRENT PROTECTION 
RATED 120/240-VOLT AC, 

60 HZ,_AMPERES MAXIMUM. 

The correct ampere rating shall be legibly marked in the 
blank space. 

(S) Prewiring for Other Circuits. Prewiring installed for 
the purpose of installing other appliances or devices shall 
comply with the applicable portions of this article and the 
following: 

(1) An overcurrent protection device with a rating compat¬ 
ible with the circuit conductors shall be installed in the 
panelboard with wiring connections completed. |ROP 
19-45] 

(2) The load end of the circuit shall termini 
box with a blank cover or a device lis 
pose. Where a junction box wit h blank c< 
the free ends of the conductj 
capped or taped. 

(3) A safety label with the sigfial word “WAR 
minimum 14 in. (6 mm) high letters minimi 
text with minimum Vs in. (3 rd^Mti; 
contrasting background, shall be affixed on or adjacent 
to the junction box or device listed for the purpose and 
shall read as follows: [ROP 19-75] 



G” with 
and body 
tters on a 


WARNING [ROP 19-75] 
THIS CONNECTION IS 
VOLT AC, 60 HZ, _ 


FOR 


RATED 


AMPERES MAXIMUM. DO 


NOT EXCEED CIRCUIT RATING. 

AN AMPERE RATING NOT TO EXCEED 80 PERCENT 
OF THE CIRCUIT RATING SHALL BE LEGIBLY 
MARKED IN THE BLANK SPACE. 

EXCEEDING THE CIRCUIT RATING MAY 
CAUSE A FIRE AND RESULT IN DEATH OR 
SERIOUS INJURY. [ROP 19-75] 

551.48 Conductors and Boxes. The maximum number of 
conductors permitted in boxes shall be in accordance with 
314.16. 


551.49 Grounded Conductors. The identification of 
grounded conductors shall be in accordance with 200.6. 

551.50 Connection of Terminals and Splices. Conductor 
splices and connections at terminals shall be in accordance 
with 110.14. 

551.51 Switches. 

(A) Rating. Switches shall be rated in accordance with 
551.51(A)(1) and (A)(2). 

(1) Lighting Circuits. For lighting circuits, switches shall 
be rated not less than 10 amperes, 120-125 volts and in no 
case less than the connected load. 

(2) Motors or Other Loads. Switches for motor or other 
loads shall comply with the provisions of 404.14. 


(B) Locatioi 


locations in 
Ik 

a listed tub or shower 






es shall not be installed within wet 
r spaces unless installed as part of 
bly. 


Receptacles. All receptacle outlets shall be of the 
grounding type and installed in accordance with 406.4 and 

210.21^r 


Luminaires and Other Equipment. [ROP 19-76] 

1. Any combustible wall or ceiling finish ex- 
between the edge of a canopy or pan of a luminaire 
ceiling suspended (paddle) fan and the outlet box, shall 
'covered with noncombustible material. [ROP 19-76] 

(B) Shower Luminaires. If a luminaire is provided over a 
bathtub or in a shower stall, it shall be of the enclosed and 
gasketed type and listed for the type of installation, and it 
shall be ground-fault circuit-interrupter protected. 


(C) Outdoor Outlets, Luminaires, Air-Cooling Equip¬ 
ment, and So On. Outdoor luminaires and other equipment 
shall be listed for outdoor use. 

551.54 Grounding. (See also 551.56 on bonding of non¬ 
current-carrying metal parts.) 

(A) Power-Supply Grounding. The grounding conductor 
in the supply cord or feeder shall be connected to the 
grounding bus or other approved grounding means in the 
panelboard. [ROP 19-45] 

(B) Distribution Panelboard. The panelboard shall have a 
grounding bus with terminals for all grounding conductors 
or other approved grounding means. [ROP 19-45] 

(C) Insulated Grounded Conductor (Neutral Conduc¬ 
tor). The grounded circuit conductor (neutral conductor) 
shall be insulated from the equipment grounding conduc¬ 
tors and from equipment enclosures and other grounded 
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parts. The grounded circuit conductor (neutral conductor) 
terminals in the panelboard and in ranges, clothes dryers, 
counter-mounted cooking units, and wall-mounted ovens 
shall be insulated from the equipment enclosure. Bonding 
screws, straps, or buses in the panelboard or in appliances 
shall be removed and discarded. Connection of electric 
ranges and electric clothes dryers utilizing a grounded con¬ 
ductor, if cord-connected, shall be made with 4-conductor 
cord and 3-pole, 4-wire grounding-type plug caps and re¬ 
ceptacles. [ROP 19-45] 

551.55 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all ex¬ 
posed metal parts, enclosures, frames, luminaire canopies, 
and so forth, shall be effectively bonded to the grounding 
terminals or enclosure of the panelboard. [ROP 19-45] 

(B) Equipment Grounding and Bonding Conductors. 

Bare wires, insulated wire with an outer finish that is green 
or green with one or more yellow stripes, shall be used for 
equipment grounding or bonding conductors only. 

(C) Grounding of Electrical Equipment. Grounding of 
electrical equipment shall be accomplished by one or more 
of the following methods: 

(1) Connection of metal raceway, the sheath of Typi 

and Type MI cable where the sheath is identified! 
grounding, or the armor of Type AC cable to mi 
enclosures. A s w 

(2) A connection between the one or ecufinment 

grounding conductors and a meta' 
of a grounding screw, which shall 
purpose, or a listed grounding 

(3) The equipment grounding conduct 
sheathed cable shall be permitted to 
screw threaded into the luminaire c, 
mounting screw or cover s 
grounding means (plate) in a 



1 by means 
no other 

in nonmetallic- 
secured under a 
py other than a 
bached to a listed 
etallic outlet box for 



luminaire mounting. [Grounding means shall also be 
permitted for luminaire attachment screws.] 

(D) Grounding Connection in Nonmetallic Box. A con¬ 
nection between the one or more equipment grounding con¬ 
ductors brought into a nonmetallic outlet box shall be so 
arranged that a connection of the equipment grounding con¬ 
ductor can be made to any fitting or device in that box that 
requires grounding. 

(E) Grounding Continuity. Where more than one equip¬ 
ment grounding or bonding conductor of a branch circuit 
enters a box, all such conductors shall be in good electrical 
contact with each other, and the arrangement shall be such 
that the disconnection or removal of a receptacle, lumi¬ 
naire, or other device fed from the box will not interfere 
with or interrupt the grounding continuity. 


(F) Cord-Connected Appliances. Cord-connected appli¬ 
ances, such as washing machines, clothes dryers, refrigera¬ 
tors, and the electrical system of gas ranges, and so forth, 
shall be grounded by means of an approved cord with 
equipment grounding conductor and grounding-type attach¬ 
ment plug. 

551.56 Bonding of Non-Current-Carrying Metal Parts. 

(A) Required Bonding. All exposed non-current-carrying 
metal parts that are likely to become energized shall be 
effectively bonded to the grounding terminal or enclosure 
of the panelboard. [ROP 19-45] 

(B) Bonding Chassis. A bonding conductor shall be con¬ 
nected between any panelboard and an accessible terminal 
on the chassis* Aluminum or copper-clad aluminum con¬ 
ductors shall not be used for bonding if such conductors or 
their terminals are exposed to corrosive elements. [ROP 

19- . 

Exception: Any retentional vehicle that employs a unit¬ 
ized nmol chassis-frame construction to which the panel- 
is securely fastened with a bolt(s) and nut(s) or by 
iding or riveting shall be considered to be bonded. 

[ROP 19-45] 

onding Conductor Requirements. Grounding ter¬ 
minals shall be of the solderless type and listed as pressure 
terminal connectors recognized for the wire size used. The 
bonding conductor shall be solid or stranded, insulated or 
bare, and shall be 8 AWG copper minimum, or equal. 

(D) Metallic Roof and Exterior Bonding. The metal roof 
and exterior covering shall be considered bonded where 
both of the following conditions apply: 

(1) The metal panels overlap one another and are securely 
attached to the wood or metal frame parts by metal 
fasteners. 

(2) The lower panel of the metal exterior covering is se¬ 
cured by metal fasteners at each cross member of the 
chassis, or the lower panel is connected to the chassis 
by a metal strap. 

(E) Gas, Water, and Waste Pipe Bonding. The gas, wa¬ 
ter, and waste pipes shall be considered grounded if they 
are bonded to the chassis. 

(F) Furnace and Metal Air Duct Bonding. Furnace and 
metal circulating air ducts shall be bonded. 

551.57 Appliance Accessibility and Fastening. Every ap¬ 
pliance shall be accessible for inspection, service, repair, 
and replacement without removal of permanent construc¬ 
tion. Means shall be provided to securely fasten appliances 
in place when the recreational vehicle is in transit. 
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V. Factory Tests 

551.60 Factory Tests (Electrical). Each recreational ve¬ 
hicle designed with a 120-volt or a 120/240-volt electrical 
system shall withstand the applied potential without electri¬ 
cal breakdown of a 1-minute, 900-volt ac or 1280-volt dc 
dielectric strength test, or a 1-second, 1080-volt ac or 1530- 
volt dc dielectric strength test, with all switches closed, 
between ungrounded and grounded conductors and the rec¬ 
reational vehicle ground. During the test, all switches and 
other controls shall be in the “on” position. Fixtures, in¬ 
cluding luminaires and permanently installed appliances, 
shall not be required to withstand this test. The test shall be 
performed after branch circuits are complete prior to ener¬ 
gizing the system and again after all outer coverings and 
cabinetry have been secured. The dielectric test shall be 
performed in accordance with the test equipment manufac¬ 
turer’s written instructions. 

Each recreational vehicle shall be subjected to all of the 
following: 

(1) A continuity test to ensure that all metal parts are prop¬ 
erly bonded 

(2) Operational tests to demonstrate that all equipment is 
properly connected and in working order 

(3) Polarity checks to determine that connections have 
been properly made 

(4) GFCI test to demonstrate that the ground lec¬ 
tion device(s) installed on the recreational afe 

operating properly. 

VI. Recreational Vehicle Parks 


551.71 Type Receptacles Pr 

vehicle site with electrical supp 
least one 20-ampere, 125-volt re 
20 percent of all recreational vehicli 
supply, shall each be equipped with a 5' 


hal 

bd with at 
limum of 
electrical 
Sere, 125/250- 


volt receptacle conforming to the configuration as identified 
in Figure 551.46(C). Every recreational vehicle site 
equipped with a 50-ampere receptacle shall also be 
equipped with a 30-ampere, 125-volt receptacle conform¬ 
ing to Figure 551.46(C). These electrical supplies shall be 
permitted to include additional receptacles that have con¬ 
figurations in accordance with 551.81. A minimum of 
70 percent of all recreational vehicle sites with electrical 
supply shall each be equipped with a 30-ampere, 125-volt 
receptacle conforming to Figure 551.46(C). This supply 
shall be permitted to include additional receptacle configu¬ 
rations conforming to 551.81. The remainder of all recre¬ 
ational vehicle sites with electrical supply shall be equipped 
with one or more of the receptacle configurations conform¬ 
ing to 551.81. Dedicated tent sites with a 15- or 20-ampere 
electrical supply shall be permitted to be excluded when 


determining the percentage of recreational vehicle sites 
with 30- or 50-ampere receptacles. [ROP 19-77] 

Additional receptacles shall be permitted for the con¬ 
nection of electrical equipment outside the recreational ve¬ 
hicle within the recreational vehicle park. 

All 125-volt, single-phase, 15- and 20-ampere recep¬ 
tacles shall have listed ground-fault circuit-interrupter pro¬ 
tection for personnel. 

Informational Note: The percentage of 50 ampere sites 
required by 551.71 may be inadequate for seasonal recre¬ 
ational vehicle sites serving a higher percentage of recre¬ 
ational vehicles with 50 ampere electrical systems. In that 
type of recreational vehicle park, the percentage of 50 am¬ 
pere sites could approach 100 percent. 


551.72 Distribution 

peres shall be supp 
class and rating 
sites with 11 
permitte^to 
tem that supplies 120 


ystem. Receptacles rated at 50 am- 
from a branch circuit of the voltage 
receptacle. Other recreational vehicle 
and 30-ampere receptacles shall be 
jom any grounded distribution sys- 
t single-phase power. The neutral 
conductors shall not be reduced in size below the size of 
th& ungrounded conductors for the site distribution. The 
neutral conductors shall be permitted to be reduced in size 
below the minimum required size of the ungrounded con- 
'-volt, line-to-line, permanently connected 




.73 Calculated Load. 

Basis of Calculations. Electrical services and feeders 
11 be calculated on the basis of not less than 9600 volt- 
amperes per site equipped with 50-ampere, 208Y/120 or 
120/240-volt supply facilities; 3600 volt-amperes per site 
equipped with both 20-ampere and 30-ampere supply fa¬ 
cilities; 2400 volt-amperes per site equipped with only 20- 
ampere supply facilities; and 600 volt-amperes per site 
equipped with only 20-ampere supply facilities that are 
dedicated to tent sites. The demand factors set forth in 
Table 551.73(A) shall be the minimum allowable demand 
factors that shall be permitted in calculating load for ser¬ 
vice and feeders. Where the electrical supply for a recre¬ 
ational vehicle site has more than one receptacle, the cal¬ 
culated load shall be calculated only for the highest rated 
receptacle. 

Where the electrical supply is in a location that serves 
two recreational vehicles, the equipment for both sites shall 
comply with 551.77, and the calculated load shall only be 
calculated for the two receptacles with the highest rating. 

(B) Transformers and Secondary Panelboards. For the 

purpose of this Code, where the park service exceeds 240 
volts, transformers and secondary panelboards shall be 
treated as services. [ROP 19-45] 

(C) Demand Factors. The demand factor for a given num¬ 
ber of sites shall apply to all sites indicated. For example. 
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20 sites calculated at 45 percent of 3600 volt-amperes re¬ 
sults in a permissible demand of 1620 volt-amperes per site 
or a total of 32,400 volt-amperes for 20 sites. 

Informational Note: These demand factors may be inad¬ 
equate in areas of extreme hot or cold temperature with 
loaded circuits for heating or air conditioning. 

(D) Feeder-Circuit Capacity. Recreational vehicle site 
feeder-circuit conductors shall have an ampacity not less 
than the loads supplied and shall be rated not less than 30 
amperes. The neutral conductors shall have an ampacity not 
less than the ungrounded conductors. 

Informational Note: Due to the long circuit lengths typical 
in most recreational vehicle parks, feeder conductor sizes 
found in the ampacity tables of Article 310 may be inad¬ 
equate to maintain the voltage regulation suggested in the 
fine print note to 210.19. Total circuit voltage drop is a sum 
of the voltage drops of each serial circuit segment, where 
the load for each segment is calculated using the load that 
segment sees and the demand factors of 551.73(A). 


Table 551.73(A) Demand Factors for Site Feeders and 
Service-Entrance Conductors for Park Sites 


Number of Recreational 
Vehicle Sites 


1 

2 

3 

4 

5 

6 

7-9 
10-12 
13-15 
16-18 
19-21 
22-24 
25-35 
36 plus 


Demand Factor 

(%) 



Loads for other amenities such as, but not limited to, 
service buildings, recreational buildings, and swimming 
pools shall be calculated separately and then be added to 
the value calculated for the recreational vehicle sites where 
they are all supplied by a common service. 

551.74 Overcurrent Protection. Overcurrent protection 
shall be provided in accordance with Article 240. 

551.75 Grounding. All electrical equipment and installa¬ 
tions in recreational vehicle parks shall be grounded as 
required by Article 250. For the purposes of this section a 
RV pedestal shall be considered a separate structure and 
shall comply with 250.32. [ROP 19-79] 


Informational Note: See 250.32(A), Exception, for single 

branch circuits. [ROP 19-79a] 

551.76 Grounding — Recreational Vehicle Site Supply 
Equipment. 

(A) Exposed Non-Current-Carrying Metal Parts. Ex¬ 
posed non-current-carrying metal parts of fixed equipment, 
metal boxes, cabinets, and fittings that are not electrically 
connected to grounded equipment shall be grounded by an 
equipment grounding conductor run with the circuit con¬ 
ductors from the service equipment or from the transformer 
of a secondary distribution system. Equipment grounding 
conductors shall be sized in accordance with 250.122 and 
shall be permitted to be spliced by listed means. 

The arrangement of equipment grounding connections 
shall be such that the disconnection or removal of a recep¬ 
tacle or other device will not interfere with, or interrupt, the 
grounding continuity. 

econdary Distribution System. Each secondary dis- 
ution system shall be grounded at the transformer. 

ounded Conductor Not to Be Used as an Equip- 
Ground. The grounded conductor shall not be used 
as an equipment grounding conductor for recreational ve- 
iclesror cquipment within the recreational vehicle park. 

o Connection on the Load Side. No connection to a 
grounding electrode shall be made to the grounded conduc¬ 
tor on the load side of the service disconnecting means 
except as covered in 250.30(A) for separately derived sys¬ 
tems, and 250.32(B) Exception for separate buildings. 

551.77 Recreational Vehicle Site Supply Equipment. 

(A) Location. Where provided on back-in sites, the recre¬ 
ational vehicle site electrical supply equipment shall be lo¬ 
cated on the left (road) side of the parked vehicle, on a line 
that is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge 
(driver’s side of the parked RV) of the stand and shall be 
located at any point on this line from the rear of the stand to 
4.5 m (15 ft) forward of the rear of the stand. 

For pull-through sites, the electrical supply equipment 
shall be permitted to be located at any point along the line 
that is 1.5 m to 2.1 m (5 ft to 7 ft) from the left edge 
(driver’s side of the parked RV) from 4.9 m (16 ft) forward 
of the rear of the stand to the center point between the two 
roads that gives access to and egress from the pull-through 
sites. 

The left edge (driver’s side of the parked RV) of the 
stand shall be marked. 

(B) Disconnecting Means. A disconnecting switch or cir¬ 
cuit breaker shall be provided in the site supply equipment 
for disconnecting the power supply to the recreational ve¬ 
hicle. 
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(C) Access. All site supply equipment shall be accessible 
by an unobstructed entrance or passageway not less than 
600 mm (2 ft) wide and 2.0 m (6 ft 6 in.) high. 

(D) Mounting Height. Site supply equipment shall be lo¬ 
cated not less than 600 mm (2 ft) or more than 2.0 m (6 ft 
6 in.) above the ground. 

(E) Working Space. Sufficient space shall be provided and 
maintained about all electrical equipment to permit ready 
and safe operation, in accordance with 110.27. 


metallic conduit, liquidtight flexible metal conduit, or other 
approved raceways or enclosures. Where subject to physi¬ 
cal damage, the conductors or cables shall be protected by 
rigid metal conduit, intermediate metal conduit, Schedule 
80 PVC conduit, or RTRC listed for exposure to physical 
damage. All such protection shall extend at least 450 mm 
(18 in.) into the trench from finished grade. 

Informational Note: See 300.5 and Article 340 for conduc¬ 
tors or Type UF cable used underground or in direct burial 
in earth. 


(F) Marking. Where the site supply equipment contains a 
125/250-volt receptacle, the equipment shall be marked as 
follows: “Turn disconnecting switch or circuit breaker off 
before inserting or removing plug. Plug must be fully in¬ 
serted or removed.” The marking shall be located on the 
equipment adjacent to the receptacle outlet. 

551.78 Protection of Outdoor Equipment. 

(A) Wet Locations. All switches, circuit breakers, recep¬ 
tacles, control equipment, and metering devices located in 
wet locations shall be weatherproof. 

(B) Meters. If secondary meters are installed, meter sock¬ 
ets without meters installed shall be blanked off with an* 
approved blanking plate. 

551.79 Clearance for Overhead Conductors. 

ductors of not over 1000 volts, nominal, shal 
cal clearance of not less than 5.5 m (18 ft) 
clearance of not less than 900 mm (3 ft) in am 
to recreational vehicle movement. InjdJpather 
ances shall conform to 225.18 anj 

Informational Note: For del 
600 volts, nominal, see 225.60 al 


551.80 Underground Service, Feei 
and Recreational Vehicle Site Feeder'S 
tors. 



Tch-Circuit, 
rcuit Conduc- 


551.81 Receptacles. A receptacle to supply electric power 
to a recreational vehicle shall be one of the configurations 
shown in Figure 551.46(C) in the following ratings: 

(1) 50-ampere — 125/250-volt, 50-ampere, 3-pole, 4-wire 
grounding typ^^w 120/240-volt systems 

(2) 30-ampere — 125-volt, 30-ampere, 2-pole, 3-wire 
grounding jtyp^for 120-volt systems 

(3) 20-ampere — 125-volt, 20-ampere, 2-pole, 3-wire 
mounding type for 120-volt systems 

armatiqnipNote: Complete details of these configura¬ 
tions can be found in ANSI/NEMA WD 6-2002, National 
Electrical Manufacturers Association’s Standard for Di¬ 
mensions of Attachment Plugs and Receptacles, Figures 14- 
TT, and 5-20. 


ARTICLE 552 
Park Trailers 


I. General 

552.1 Scope. The provisions of this article cover the elec¬ 
trical conductors and equipment installed within or on park 
trailers not covered fully under Articles 550 and 551. 

552.2 Definition. (See Articles 100, 550, and 551 for ad¬ 
ditional definitions.) 


(A) General. All direct-burial conductors, including the 
equipment grounding conductor if of aluminum, shall be 
insulated and identified for the use. All conductors shall be 
continuous from equipment to equipment. All splices and 
taps shall be made in approved junction boxes or by use of 
listed material. [ROP 19-82] 

(B) Protection Against Physical Damage. Direct-buried 
conductors and cables entering or leaving a trench shall be 
protected by rigid metal conduit, intermediate metal con¬ 
duit, electrical metallic tubing with supplementary corro¬ 
sion protection, rigid polyvinyl chloride conduit (PVC), 
nonmetallic underground conduit with conductors (NUCC), 
high density polyethylene conduit (HDPE), reinforced ther¬ 
mosetting resin conduit (RTRC), liquidtight flexible non- 


Park Trailer. A unit that is built on a single chassis 
mounted on wheels and has a gross trailer area not exceed¬ 
ing 37 m 2 (400 ft 2 ) in the set-up mode. 

552.4 General Requirements. A park trailer as specified 
in 552.2 is intended for seasonal use. It is not intended as a 
permanent dwelling unit or for commercial uses such as 
banks, clinics, offices, or similar. 

II. Low-Voltage Systems 
552.10 Low-Voltage Systems. 

(A) Low-Voltage Circuits. Low-voltage circuits furnished 
and installed by the park trailer manufacturer, other than 
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those related to braking, are subject to this Code. Circuits 
supplying lights subject to federal or state regulations shall 
comply with applicable government regulations and this 
Code. 

(B) Low-Voltage Wiring. 


gap or other approved means from circuits of a different 
power source. Acceptable methods shall be by clamping, 
routing, or equivalent means that ensure permanent total 
separation. Where circuits of different power sources cross, 
the external jacket of the nonmetallic-sheathed cables shall 
be deemed adequate separation. 


(1) Material. Copper conductors shall be used for low- 
voltage circuits. 

Exception: A metal chassis or frame shall be permitted as 
the return path to the source of supply. 

(2) Conductor Types. Conductors shall conform to the re¬ 
quirements for Type GXL, HDT, SGT, SGR, or Type SXL 
or shall have insulation in accordance with Table 
310.104(A) or the equivalent. Conductor sizes 6 AWG 
through 18 AWG or SAE shall be listed. Single-wire, low- 
voltage conductors shall be of the stranded type. 

Informational Note: See SAE Standard J1128-2011 for 
Types GXL, HDT, and SXL and SAE Standard J1127-2010 
for Types SGT and SGR. [ROP 19-83a] 

(3) Marking. All insulated low-voltage conductors shall 
be surface marked at intervals not greater than 1.2 m (4 ft) 
as follows: 

(1) Listed conductors shall be marked as required 
listing agency. 

(2) SAE conductors shall be marked with 
of the manufacturer, specification d 
gauge. 

(3) Other conductors shall be mark 
logo of the manufacturc^^empcr; 
gauge, conductor materi 

(C) Low-Voltage Wiring Methods. 



name or 1< 
lot® and v 

or 

rating, wire 
ickness. 


(1) Physical Protection. Conductors JfyhA be protected 
against physical damage and shall be secured. Where insu¬ 
lated conductors are clamped to the structure, the conductor 
insulation shall be supplemented by an additional wrap or 
layer of equivalent material, except that jacketed cables 
shall not be required to be so protected. Wiring shall be 
routed away from sharp edges, moving parts, or heat 


sources. 


(4) Ground Connections. Ground connections to the 
chassis or frame shall be made in an accessible location and 
shall be mechanically secure. Ground connections shall be 
by means of copper conductors and copper or copper-alloy 
terminals of the solderless type identified for the size of 
wire used. The surface on which ground terminals make 
contact shall be cleaned and be free from oxide or paint or 
shall be electrically connected through the use of a cad¬ 
mium, tin, o^zinc-plated internal/external-toothed lock- 
washer or^ocking terminals. Ground terminal attaching 
screws, rivets or bolts, nuts, and lockwashers shall be cad- 
mium^n, or zinc-plated except rivets shall be permitted to 
be'jtnanodized aluminum where attaching to aluminum 
ctures. 

Thelphas si s - grounding terminal of the battery shall be 
:ed to the unit chassis with a minimum 8 AWG cop- 
conductor. In the event the unbonded lead from the 
exceeds 8 AWG, the bonding conductor size shall 
s than that of the unbonded lead. 

attery Installations. Storage batteries subject to the 
provisions of this Code shall be securely attached to the 
unit and installed in an area vaportight to the interior and 
ventilated directly to the exterior of the unit. Where batter¬ 
ies are installed in a compartment, the compartment shall 
be ventilated with openings having a minimum area of 
1100 mm 2 (1.7 in. 2 ) at both the top and at the bottom. 
Where compartment doors are equipped for ventilation, the 
openings shall be within 50 mm (2 in.) of the top and 
bottom. Batteries shall not be installed in a compartment 
containing spark- or flame-producing equipment. 

(E) Overcurrent Protection. 

(1) Rating. Low-voltage circuit wiring shall be protected 
by overcurrent protective devices rated not in excess of the 
ampacity of copper conductors, in accordance with Table 
552.10(E)(1). 


(2) Splices. Conductors shall be spliced or joined with 
splicing devices that provide a secure connection or by 
brazing, welding, or soldering with a fusible metal or alloy. 
Soldered splices shall first be spliced or joined to be me¬ 
chanically and electrically secure without solder, and then 
soldered. All splices, joints, and free ends of conductors 
shall be covered with an insulation equivalent to that on the 
conductors. 

(3) Separation. Battery and other low-voltage circuits 
shall be physically separated by at least a 13-mm (l/ 2 -in.) 


Table 552.10(E)(1) Low-Voltage Overcurrent Protection 


Wire Size (AWG) Ampacity Wire Type 


18 

6 

Stranded only 

16 

8 

Stranded only 

14 

15 

Stranded or solid 

12 

20 

Stranded or solid 

10 

30 

Stranded or solid 
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(2) Type. Circuit breakers or fuses shall be of an approved 
type, including automotive types. Fuseholders shall be 
clearly marked with maximum fuse size and shall be pro¬ 
tected against shorting and physical damage by a cover or 
equivalent means. 

Informational Note: For further information, see 

ANSI/SAE J554-1987, Standard for Electric Fuses (Car¬ 
tridge Type)', SAE J1284-1988, Standard for Blade Type 
Electric Fuses ; and UL 275-2005, Standard for Automotive 
Glass Tube Fuses. [ROP 19-86] 

(3) Appliances. Appliances such as pumps, compressors, 
heater blowers, and similar motor-driven appliances shall 
be installed in accordance with the manufacturer’s instruc¬ 
tions. 

Motors that are controlled by automatic switching or by 
latching-type manual switches shall be protected in accor¬ 
dance with 430.32(B). 

(4) Location. The overcurrent protective device shall be 
installed in an accessible location on the unit within 
450 mm (18 in.) of the point where the power supply con¬ 
nects to the unit circuits. If located outside the park trailer, 
the device shall be protected against weather and physical 
damage. 

Exception: External low-voltage supply shall be permittee 
to have the overcurrent protective device within 450 nun 
(18 in.) after entering the unit or after leaving a^m etal 
raceway. 

(F) Switches. Switches shall have a dc rating 
the connected load. 

(G) Luminaires. All low-voltage interior lu ated 

more than 4 watts, employing J^pps rated K.2 

watts, shall be listed. 


III. Combination Electrical System: 
552.20 Combination Electrical Systems. 


All converters and transformers shall be listed for use in 
recreation units and designed or equipped to provide over¬ 
temperature protection. To determine the converter rating, 
the following percentages shall be applied to the total con¬ 
nected load, including average battery-charging rate, of all 
12-volt equipment: 

The first 20 amperes of load at 100 percent plus 
The second 20 amperes of load at 50 percent plus 
All load above 40 amperes at 25 percent 

Exception: A low-voltage appliance that is controlled by a 
momentary switch (normally open) that has no means for 
holding in the closed position shall not be considered as a 
connected load when determining the required converter 
rating. Momentarily energized appliances shall be limited 
to those used to prepare the unit for occupancy or travel. 

(C) Bonding Vfljtage Converter Enclosures. The non¬ 
current-carrying metal enclosure of the voltage converter 
shall be connected tolthc frame of the unit with an 8 AWG 
copper conductor minimum. The grounding conductor for 
the battery and the metal enclosure shall be permitted to be 
thd same conductor. 

(D) Dual-Voltage Fixtures Including Luminaires or Ap¬ 
pliances. Fixtures, including luminaires, or appliances hav- 

120-volt and low-voltage connections shall be 
listed for dual voltage. 




) Autotransformers. Autotransformers shall not be 
d. 


') Receptacles and Plug Caps. Where a park trailer is 
equipped with a 120-volt or 120/240-volt ac system, a low- 
voltage system, or both, receptacles and plug caps of the 
low-voltage system shall differ in configuration from those 
of the 120-volt or 120/240-volt system. Where a unit 
equipped with a battery or dc system has an external con¬ 
nection for low-voltage power, the connector shall have a 
configuration that will not accept 120-volt power. 


(A) General. Unit wiring suitable for connection to a bat¬ 
tery or other low-voltage supply source shall be permitted 
to be connected to a 120-volt source, provided that the 
entire wiring system and equipment are rated and installed 
in full conformity with Parts I, III, IV, and V requirements 
of this article covering 120-volt electrical systems. Circuits 
fed from ac transformers shall not supply dc appliances. 

(B) Voltage Converters (120-Volt Alternating Current 
to Low-Voltage Direct Current). The 120-volt ac side of 
the voltage converter shall be wired in full conformity with 
Parts I and IV requirements of this article for 120-volt 
electrical systems. [ROP 19-88a] 

Exception: Converters supplied as an integral part of a 
listed appliance shall not be subject to 552.20(B). 


IV. Nominal 120-Volt or 120/240-Volt Systems 
552.40 120-Volt or 120/240-Volt, Nominal, Systems. 

(A) General Requirements. The electrical equipment and 
material of park trailers indicated for connection to a wiring 
system rated 120 volts, nominal, 2-wire with an equipment 
grounding conductor, or a wiring system rated 120/240 
volts, nominal, 3-wire with an equipment grounding con¬ 
ductor, shall be listed and installed in accordance with the 
requirements of Parts I, III, IV, and V of this article. 

(B) Materials and Equipment. Electrical materials, de¬ 
vices, appliances, fittings, and other equipment installed, 
intended for use in, or attached to the park trailer shall be 
listed. All products shall be used only in the manner in 
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which they have been tested and found suitable for the 
intended use. 

552.41 Receptacle Outlets Required. 

(A) Spacing. Receptacle outlets shall be installed at wall 
spaces 600 mm (2 ft) wide or more so that no point along 
the floor line is more than 1.8 m (6 ft), measured horizon¬ 
tally, from an outlet in that space. 

Exception No. 1: Bath and hallway areas. 


(1) Located within 600 mm (2 ft) of the cold water inlet 

(2) Connected to an interior branch circuit, other than a 
small-appliance branch circuit 

(3) On a circuit where all of the outlets are on the load side 
of the ground-fault circuit-interrupter protection for 
personnel 

(4) Mounted on the underside of the park trailer and shall 
not be considered to be the outdoor receptacle outlet 
required in 552.41(E) 


Exception No. 2: Wall spaces occupied by kitchen cabi¬ 
nets, wardrobe cabinets, built-in furniture; behind doors 
that may open fully against a wall surface; or similar 
facilities. 

(B) Location. Receptacle outlets shall be installed as fol¬ 
lows: 

(1) Adjacent to countertops in the kitchen [at least one on 
each side of the sink if countertops are on each side and 
are 300 mm (12 in.) or over in width] 

(2) Adjacent to the refrigerator and gas range space, except 
where a gas-fired refrigerator or cooking appliance, re¬ 
quiring no external electrical connection, is factory- 
installed 

(3) Adjacent to countertop spaces of 300 mm (12 
more in width that cannot be reached from a rccer 
required in 552.41(B)(1) by a cord ofJL.8 m 
without crossing a traffic area, cooking appliance, 
sink 


(C) Ground-Fault Circuit-Interrup 

125-volt, single-phase, 15- o r 2£Lam nc 
have ground-fault circuit-ii 
nel in the following loc; 

(1) Where the receptac’ 
countertop surfaces 

(2) Within 1.8 m (6 ft) of any 


serve kitchen 


or sink 


Exception: Receptacles installed for appliances in dedi¬ 
cated spaces, such as for dishwashers, disposals, refrigera¬ 
tors, freezers, and laundry equipment. 

(3) In the area occupied by a toilet, shower, tub, or any 
combination thereof 

(4) On the exterior of the unit 

Exception: Receptacles that are located inside of an access 
panel that is installed on the exterior of the unit to supply 
power for an installed appliance shall not be required to 
have ground-fault circuit-interrupter protection. 

The receptacle outlet shall be permitted in a listed lu¬ 
minaire. A receptacle outlet shall not be installed in a tub or 
combination tub-shower compartment. 


(E) Outdoor Receptacle Outlets. At least one receptacle 
outlet shall be installed outdoors. A receptacle outlet lo¬ 
cated in a compartment accessible from the outside of the 
park trailer shall be considered an outdoor receptacle. Out¬ 
door receptacle outlets shall be protected as required in 
552.41(C)( 

Outlets Not Permitted. 




bower or Bathtub Space. Receptacle outlets shall 
stalled in oSpivithin reach [750 mm (30 in.)] of a 
t bathtub space. 

ace-Up Position. A receptacle shall not be installed in 
position in any countertop. 

Power Supply. 

(A) Feeder. The power supply to the park trailer shall be a 
feeder assembly consisting of not more than one listed 30- 
ampere or 50-ampere park trailer power-supply cord, with 
an integrally molded or securely attached cap, or a perma¬ 
nently installed feeder. 

(B) Power-Supply Cord. If the park trailer has a power- 
supply cord, it shall be permanently attached to the panel- 
board or to a junction box permanently connected to the 
panelboard, with the free end terminating in a molded-on 
attachment plug cap. [ROP 19-83] 

Cords with adapters and pigtail ends, extension cords, 
and similar items shall not be attached to, or shipped with, 
a park trailer. 

A suitable clamp or the equivalent shall be provided at 
the panelboard knockout to afford strain relief for the cord 
to prevent strain from being transmitted to the terminals 
when the power-supply cord is handled in its intended man¬ 
ner. [ROP 19-83] 

The cord shall be a listed type with 3-wire, 120-volt or 
4-wire, 120/240-volt conductors, one of which shall be 
identified by a continuous green color or a continuous 
green color with one or more yellow stripes for use as the 
grounding conductor. 


(D) Pipe Heating Cable Outlet. Where a pipe heating (C) Mast Weatherhead or Raceway. Where the calcu- 

cable outlet is installed, the outlet shall be as follows: lated load exceeds 50 amperes or where a permanent feeder 
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is used, the supply shall be by means of one of the follow¬ 
ing: 

(1) One mast weatherhead installation, installed in accor¬ 
dance with Article 230, containing four continuous, in¬ 
sulated, color-coded feeder conductors, one of which 
shall be an equipment grounding conductor 

(2) A metal raceway, rigid nonmetallic conduit, or liq- 
uidtight flexible nonmetallic conduit from the discon¬ 
necting means in the park trailer to the underside of the 
park trailer, with provisions for the attachment to a 
suitable junction box or fitting to the raceway on the 
underside of the park trailer [with or without conduc¬ 
tors as in 550.10(I)( 1)] 

552.44 Cord. 

(A) Permanently Connected. Each power-supply assem¬ 
bly shall be factory supplied or factory installed and con¬ 
nected directly to the terminals of the panelboard or con¬ 
ductors within a junction box and provided with means to 
prevent strain from being transmitted to the terminals. The 
ampacity of the conductors between each junction box and 
the terminals of each panelboard shall be at least equal to 
the ampacity of the power-supply cord. The supply end of 
the assembly shall be equipped with an attachment plug o: 
the type described in 552.44(C). Where the cord passes 
through the walls or floors, it shall be protected by means 
of conduit and bushings or equivalent. The cord assembly 
shall have permanent provisions for protection against 
rosion and mechanical damage while the unit is in ti 
[ROP 19-83] 

(B) Cord Length. The cord-exposed usable length shall be 
measured from the point of entrance to the park trailer or 
the face of the flanged surface inletT motor-base attachment 
plug) to the face of the attacliment ftug at the supply end. 

The cord-exposed usable length, measured to the point 
of entry on the unit exterior, shall be a minimum of 7.0 m 
(23 ft) where the point of entrance is at the side of the unit, 
or shall be a minimum 8.5 m (28 ft) where the point of 
entrance is at the rear of the unit. The maximum length 
shall not exceed 11 m (36'A ft). 

Where the cord entrance into the unit is more than 
900 mm (3 ft) above the ground, the minimum cord lengths 
above shall be increased by the vertical distance of the cord 
entrance heights above 900 mm (3 ft). 

(C) Attachment Plugs. 


Informational Note: Complete details of this configuration 
can be found in ANSI/NEMA WD 6-2002 (R2008), Na¬ 
tional Electrical Manufacturers Association’s Standard for 
Dimensions of Attachment Plugs and Receptacles, Figure 

TT. [ROP 19-90a] 

(2) Units with 50-Ampere Power Supply Assembly. Park 
trailers having a power-supply assembly rated 50 amperes 
as permitted by 552.43(B) shall have a 3-pole, 4-wire 
grounding-type attachment plug rated 50 amperes, 125/250 
volts, conforming to the configuration shown in Figure 
552.44(C). 

Informational Note: Complete details of this configuration 
can be found in ANSI/NEMA WD 6-2002 (R2008), Na¬ 
tional Electrical Manufacturers Association Standard for 
Dimensions of Attachment Plugs and Receptacles, Figure 

14-50. [ROP 19-9]] 

Receptac 


391 Hiole, 3-wire, grounding type 



■A.125/250-V, 3-pole, 4-wire, grounding type 


gure 552.44(C) Attachment Cap and Receptacle Configura- 
ons. 


(D) Labeling at Electrical Entrance. Each park trailer 
shall have permanently affixed to the exterior skin, at or 
near the point of entrance of the power-supply assembly, a 
label 75 mm x 45 mm (3 in. x PA in.) minimum size, made 
of etched, metal-stamped, or embossed brass, stainless 
steel, or anodized or alclad aluminum not less than 
0.51 mm (0.020 in.) thick, or other suitable material [e.g., 
0.13 mm (0.005 in.) thick plastic laminate], that reads, as 
appropriate, either 

THIS CONNECTION IS FOR 110-125-VOLT AC, 

60 HZ, 30 AMPERE SUPPLY 


THIS CONNECTION IS FOR 208Y/120-VOLT OR 

120/240-VOLT AC, 3-POLE, 4-WIRE, 60 HZ, _ 

AMPERE SUPPLY. 


(1) Units with Two to Five 15- or 20-Ampere Branch 
Circuits. Park trailers wired in accordance with 552.46(A) 
shall have an attachment plug that shall be 2-pole, 3-wire 
grounding-type, rated 30 amperes, 125 volts, conforming to 
the configuration shown in Figure 552.44(C) intended for 
use with units rated at 30 amperes, 125 volts. 


The correct ampere rating shall be marked in the blank 
space. 

(E) Location. The point of entrance of a power-supply 
assembly shall be located within 4.5 m (15 ft) of the rear, 
on the left (road) side or at the rear, left of the longitudinal 


70-536 


NATIONAL ELECTRICAL CODE 2014 Edition 




ARTICLE 552 — PARK TRAILERS 


552.47 


center of the unit, within 450 mm (18 in.) of the outside 
wall. 

Exception: A park trailer shall be permitted to have the 
electrical point of entrance located more than 4.5 m (15 ft) 
from the rear. Where this occurs, the distance beyond the 
4.5-m (15-ft) dimension shall be added to the cord’s mini¬ 
mum length as specified in 551.46(B). 

552.45 Panelboard. [ROP 19-83] 


(1) Lighting. Based on 33 volt-amperes/m 2 (3 VA/ft 2 ) 
multiplied by the outside dimensions of the park trailer 
(coupler excluded) divided by 120 volts to determine the 
number of 15- or 20-ampere lighting area circuits, for ex¬ 
ample, 

3 X length x width 
120 x 15 (or 20) 

= No. of 15- (or 20-) ampere circuits 


(A) Listed and Appropriately Rated. A listed and appro¬ 
priately rated panelboard shall be used. The grounded con¬ 
ductor termination bar shall be insulated from the enclosure 
as provided in 552.55(C). An equipment grounding termi¬ 
nal bar shall be attached inside the metal enclosure of the 
panelboard. [ROP 19-83] 

(B) Location. The panelboard shall be installed in a 
readily accessible location. Working clearance for the pan¬ 
elboard shall be not less than 600 mm (24 in.) wide and 
750 mm (30 in.) deep. [ROP 19-83] 

Exception: Where the panelboard cover is exposed to the 
inside aisle space, one of the working clearance dimensions 
shall be permitted to be reduced to a minimum of 550 mm 
(22 in.). A panelboard shall be considered exposed w, 
the panelboard cover is within 50 mm (2 in.) of the aisle 
finished surface. 

(C) Dead-Front Type. The panelboard shall be 

dead-front type. A main disconnecting means shall be pr 
vided where fuses are used or where more than two circuit 1 
breakers are employed. A main overcurrent|pmtecnwPSP 
vice not exceeding the power-supply assmnbly rating shall 
be provided where more than two branch cSfetits are em¬ 
ployed. [ROP 19-83] ▼ 

shall be deter- 
(B). 



552.46 Branch Circuits. 

mined in accordance with 55 



(A) Two to Five 15- or 20-Ampere Circuits. Two to five 
15- or 20-ampere circuits to supply lights, receptacle out¬ 
lets, and fixed appliances shall be permitted. Such park 
trailers shall be equipped with a panelboard rated at 120 
volts maximum with a 30-ampere rated main power supply 
assembly. Not more than two 120-volt thermostatically 
controlled appliances (i.e., air conditioner and water heater) 
shall be installed in such systems unless appliance isolation 
switching, energy management systems, or similar methods 
are used. [ROP 19-83] 

Exception: Additional 15- or 20-ampere circuits shall be 
permitted where a listed energy management system rated 
at 30 amperes maximum is employed within the system. 

(B) More Than Five Circuits. Where more than five cir¬ 
cuits are needed, they shall be determined in accordance 
with 552.46(B)(1), (B)(2), and (B)(3). 


The lighting circuits shall be permitted to serve listed 
cord-connected kitchen waste disposers and to provide 
power for supplemental equipment and lighting on gas- 
fired ranges, ovens, or counter-mounted cooking units. 

(2) Small Appliances. Small-appliance branch circuits 
shall be installed in accordance with 210.11(C)(1). 

pliances. (including furnace, water heater, 
spacelHeater, range, and central or room air conditioner, 
etc..) An individual branch circuit shall be permitted to sup- 
any load for which it is rated. There shall be one or 
more Circuits of adequate rating in accordance with (a) 
(d). 

mational Note No. 1: For the laundry branch circuit, 

seSBjW.ll(C)(2). 

rmational Note No. 2: For central air conditioning, see 
tide 440. 

(a) The total rating of fixed appliances shall not ex¬ 
ceed 50 percent of the circuit rating if lighting outlets, 
general-use receptacles, or both are also supplied. 

(b) For fixed appliances with a motor(s) larger than Vs 
horsepower, the total calculated load shall be based on 
125 percent of the largest motor plus the sum of the other 
loads. Where a branch circuit supplies continuous load(s) or 
any combination of continuous and noncontinuous loads, 
the branch-circuit conductor size shall be in accordance 
with 210.19(A). 

(c) The rating of a single cord-and-plug-connected ap¬ 
pliance supplied by other than an individual branch circuit 
shall not exceed 80 percent of the circuit rating. 

(d) The rating of a range branch circuit shall be based 
on the range demand as specified for ranges in 
552.47(B)(5). 

552.47 Calculations. The following method shall be em¬ 
ployed in computing the supply-cord and distribution- 
panelboard load for each feeder assembly for each park 
trailer in lieu of the procedure shown in Article 220 and 
shall be based on a 3-wire, 208Y/120-volt or 120/240-volt 
supply with 120-volt loads balanced between the two 
phases of the 3-wire system. 

(A) Lighting and Small-Appliance Load. Lighting Volt- 
Amperes: Length times width of park trailer floor (outside 
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dimensions) times 33 volt-amperes/m 2 (3 VA/ft 2 ). For ex¬ 
ample. 

Length x width x 3 = lighting volt-amperes 
Small-Appliance Volt-Amperes: Number of circuits 
times 1500 volt-amperes for each 20-ampere appliance re¬ 
ceptacle circuit (see definition of Appliance, Portable with 
fine print note) including 1500 volt-amperes for laundry 
circuit. For example, 

No. of circuits x 1500 = small-appliance volt-amperes 
Total: Lighting volt-amperes plus small-appliance volt- 
amperes = total volt-amperes 

First 3000 total volt-amperes at 100 percent plus re¬ 
mainder at 35 percent = volt-amperes to be divided by 240 
volts to obtain current (amperes) per leg. 

(B) Total Load for Determining Power Supply. Total 
load for determining power supply is the sum of the fol¬ 
lowing: 

(1) Lighting and small-appliance load as calculated in 
552.47(A). 

(2) Nameplate amperes for motors and heater loads (ex¬ 
haust fans, air conditioners, electric, gas, or oil heat¬ 
ing). Omit smaller of the heating and cooling loads, 
except include blower motor if used as air-conditioner 
evaporator motor. Where an air conditioner is not in- 1 
stalled and a 50-ampere power-supply cord is provided, 
allow 15 amperes per phase for air conditioning. 

(3) Twenty-five percent of current of larges^ motor in 
(B)(2). 

(4) Total of nameplate amperes for dispo^i!)\dishwa! 
water heater, clothes dryer, wall-mounted oven, x ok- 
ing units. Where the number 
ceeds three, use 75 percent of total. 

(5) Derive amperes for freestanding rangelfiis distin¬ 
guished from separate ovenswid cooking units) by di¬ 
viding the following values by 240 volts; 



(C) Optional Method of Calculation for Lighting and 
Appliance Load. For park trailers, the optional method for 
calculating lighting and appliance load shown in 220.82 
shall be permitted. 

552.48 Wiring Methods. 

(A) Wiring Systems. Cables and raceways installed in ac¬ 
cordance with Articles 320, 322, 330 through 340, 342 
through 362, 386, and 388 shall be permitted in accordance 
with their applicable article, except as otherwise specified 
in this article. An equipment grounding means shall be pro¬ 
vided in accordance with 250.118. 

(B) Conduit and Tubing. Where rigid metal conduit or 
intermediate metal conduit is terminated at an enclosure 
with a locknut and bushing connection, two locknuts shall 
be provided, ope inside and one outside of the enclosure. 
All cut ends of conduit and tubing shall be reamed or oth¬ 
erwise finished to rebioy.c rough edges. 

metallic Boxes. Nonmetallic boxes shall be ac- 
h nonmetallic-sheathed cable or nonmetal- 


walls and ceilings constructed of wood or 
>le material, boxes and fittings shall be flush 
ished surface or project therefrom. 


) Mounting. Wall and ceiling boxes shall be mounted in 
ordance with Article 314. 

deception No. 1: Snap-in-type boxes or boxes provided 
with special wall or ceiling brackets that securely fasten 
boxes in walls or ceilings shall be permitted. 

Exception No. 2: A wooden plate providing a 38-mm (IV 2 - 
in.) minimum width backing around the box and of a thick¬ 
ness of 13 mm (V 2 in.) or greater (actual) attached directly 
to the wall panel shall be considered as approved means 
for mounting outlet boxes. 


Nameplate Rating (watts) Use (volt-amperes) 


0-10,000 80 percent of rating 

Over 10,000-12,500 8,000 

Over 12,500-13,500 8,400 

Over 13,500-14,500 8,800 

Over 14,500-15,500 9,200 

Over 15,500-16,500 9,600 

Over 16,500-17,500 10,000 


(6) If outlets or circuits are provided for other than factory- 
installed appliances, include the anticipated load. 

Informational Note: Refer to Informative Annex D, Ex¬ 
ample D12, for an illustration of the application of this 
calculation. 


(F) Cable Sheath. The sheath of nonmetallic-sheathed 
cable, and the armor of metal-clad cable and Type AC 
cable, shall be continuous between outlet boxes and other 
enclosures. 

(G) Protected. Metal-clad, Type AC, or nonmetallic- 
sheathed cables and electrical nonmetallic tubing shall be 
permitted to pass through the centers of the wide side of 2 
by 4 wood studs. However, they shall be protected where 
they pass through 2 by 2 wood studs or at other wood studs 
or frames where the cable or tubing would be less than 
32 mm (114 in.) from the inside or outside surface. Steel 
plates on each side of the cable or tubing, or a steel tube, 
with not less than 1.35 mm (0.053 in.) wall thickness, shall 
be installed to protect the cable or tubing. These plates or 
tubes shall be securely held in place. Where nonmetallic- 
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sheathed cables pass through punched, cut, or drilled slots 
or holes in metal members, the cable shall be protected by 
bushings or grommets securely fastened in the opening 
prior to installation of the cable. 

(H) Cable Supports. Where connected with cable connec¬ 
tors or clamps, cables shall be supported within 300 mm 
(12 in.) of outlet boxes, panelboards, and splice boxes on 
appliances. Supports shall be provided at intervals not ex¬ 
ceeding 1.4 m (4'/ 2 ft) at other places. [ROP 19-83] 

(I) Nonmetallic Box Without Cable Clamps. 

Nonmetallic-sheathed cables shall be supported within 
200 mm (8 in.) of a nonmetallic outlet box without cable 
clamps. 

Exception: Where wiring devices with integral enclosures 
are employed with a loop of extra cable to permit future 
replacement of the device, the cable loop shall be consid¬ 
ered as an integral portion of the device. 

(J) Physical Damage. Where subject to physical damage, 
exposed nonmetallic cable shall be protected by covering 
boards, guard strips, raceways, or other means. 

(K) Receptacle Faceplates. Metal faceplates shall 
with 406.5(A). Nonmetallic faceplates shall comply 
406.5(C). 

(L) Metal Faceplates Grounded. When 
are used, they shall be grounded. 


(M) Moisture or Physical Damage 

under-chassis wiring is 120 va 
exposed to moisture or phy^ 
protected by rigid met; 
conduit, by electrical mi 
conduit, or by Type MI 
frames and equipment enclosu 
identified for the application. 



5r over and is 
„ the wiring shall be 
lermediate metal 
igid nonmetallic 
routed against 
■’raceway or cable 


(N) Component Interconnections. Fittings and connec¬ 
tors that are intended to be concealed at the time of assem¬ 
bly shall be listed and identified for the interconnection of 
building components. Such fittings and connectors shall be 
equal to the wiring method employed in insulation, tem¬ 
perature rise, and fault-current withstanding, and shall be 
capable of enduring the vibration and shock occurring in 
park trailers. 

(O) Method of Connecting Expandable Units. The 

method of connecting expandable units to the main body of 
the vehicle shall comply with the following as applicable: 
(1) That portion of a branch circuit that is installed in an 
expandable unit shall be permitted to be connected to 
the branch circuit in the main body of the vehicle by 
means of a flexible cord or attachment plug and cord 


listed for hard usage. The cord and its connections shall 
conform to all provisions of Article 400 and shall be 
considered as a permitted use under 400.7. 

(2) If the receptacle provided for connection of the cord to 
the main circuit is located on the outside of the unit, it 
shall be protected with a ground-fault circuit interrupter 
for personnel and be listed for wet locations. A cord 
located on the outside of a unit shall be identified for 
outdoor use. 

(3) Unless removable or stored within the unit interior, the 
cord assembly shall have permanent provisions for pro¬ 
tection against corrosion and mechanical damage while 
the unit is in transit. 

(4) If an attachment plug and cord is used, it shall be in¬ 
stalled so as not to permit exposed live attachment plug 
pins. 

(P) Prewiring for Air-Conditioning Installation. Prewir¬ 
ing installed for the purpose of facilitating future air- 
itioning installation shall comply with the applicable 
'brtion^of this article and the following: 

ivercurrent protective device with a rating compat- 
le with the circuit conductors shall be installed in the 
elboard and wiring connections completed. [ROP 
'] 

e load end of the circuit shall terminate in a junction 
ox with a blank cover or other listed enclosure. Where 
a junction box with a blank cover is used, the free ends 
of the conductors shall be adequately capped or taped. 

(3) A label conforming to 552.44(D) shall be placed on or 
adjacent to the junction box and shall read as follows: 

AIR-CONDITIONING CIRCUIT. 

THIS CONNECTION IS FOR AIR CONDITIONERS 
RATED 110-125-VOLT AC, 60 HZ, 

_AMPERES MAXIMUM. 

DO NOT EXCEED CIRCUIT RATING. 

An ampere rating, not to exceed 80 percent of the circuit 
rating, shall be legibly marked in the blank space. 

(4) The circuit shall serve no other purpose. 

552.49 Maximum Number of Conductors in Boxes. The 

maximum number of conductors permitted in boxes shall 
be in accordance with 314.16. 

552.50 Grounded Conductors. The identification of 
grounded conductors shall be in accordance with 200.6. 

552.51 Connection of Terminals and Splices. Conductor 
splices and connections at terminals shall be in accordance 
with 110.14. 

552.52 Switches. Switches shall be rated as required by 
552.52(A) and (B). 
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(A) Lighting Circuits. For lighting circuits, switches shall 
be rated not less than 10 amperes, 120/125 volts, and in no 
case less than the connected load. 

(B) Motors or Other Loads. For motors or other loads, 
switches shall have ampere or horsepower ratings, or both, 
adequate for loads controlled. (An ac general-use snap 
switch shall be permitted to control a motor 2 hp or less 
with full-load current not over 80 percent of the switch 
ampere rating.) 

552.53 Receptacles. All receptacle outlets shall be of the 
grounding type and installed in accordance with 210.21 and 
406.4. 


cord and 3-pole, 4-wire, grounding-type plug caps and re¬ 
ceptacles. [ROP 19-83] 

552.56 Interior Equipment Grounding. 

(A) Exposed Metal Parts. In the electrical system, all ex¬ 
posed metal parts, enclosures, frames, luminaire canopies, 
and so forth, shall be effectively bonded to the grounding 
terminals or enclosure of the panelboard. [ROP 19-83] 

(B) Equipment Grounding Conductors. Bare conductors 
or conductors with insulation or individual covering that is 
green or green with one or more yellow stripes shall be 
used for equipment grounding conductors only. 


552.54 Luminaires. 

(A) General. Any combustible wall or ceiling finish ex¬ 
posed between the edge of a luminaire canopy or pan and 
the outlet box shall be covered with noncombustible mate¬ 
rial or a material identified for the purpose. 

(B) Shower Luminaires. If a luminaire is provided over a 
bathtub or in a shower stall, it shall be of the enclosed and 
gasketed type and listed for the type of installation, and it 
shall be ground-fault circuit-interrupter protected. 

The switch for shower luminaires and exhaust fans, lo¬ 
cated over a tub or in a shower stall, shall be located out¬ 
side the tub or shower space. 

(C) Outdoor Outlets, Luminaires, Air-C 
ment, and So On. Outdoor luminaires and 
shall be listed for outdoor use or wet location; 

552.55 Grounding. (See also 5 
current-carrying metal parts.) 


(A) Power-Supply Grounding. 

in the supply cord or feeder shall 
grounding bus or other approved grourJ 
panelboard. [ROP 19-83] 






ectrical Equipment. Where ground- 
ent is specified, it shall be permitted 


onductor 
ted to the 
means in the 


(C) Grounding of 

ing of electrical e< 
as follows: 

Connection of metal raceway (conduit or electrical me- 
tubing), the^heath of Type MC and Type MI 
cable where the sheath is identified for grounding, or 
re armoCm Type AC cable to metal enclosures. 

ret ion between the one or more equipment 
grounding conductors and a metal box by means of a 
;roundin^screw, which shall be used for no other pur- 
tesO.r am sted grounding device. 

’he equipment grounding conductor in nonmetallic- 
sheathed cable shall be permitted to be secured under a 
screw threaded into the luminaire canopy other than a 
mounting screw or cover screw or attached to a listed 
grounding means (plate) in a nonmetallic outlet box for 
luminaire mounting (grounding means shall also be 
permitted for luminaire attachment screws). 

(D) Grounding Connection in Nonmetallic Box. A con¬ 
nection between the one or more grounding conductors 
brought into a nonmetallic outlet box shall be arranged so 
that a connection can be made to any fitting or device in 
that box that requires grounding. 


(B) Panelboard. The panelboard shall have a grounding 
bus with sufficient terminals for all grounding conductors 
or other approved grounding means. [ROP 19-83] 

(C) Insulated Grounded Conductor. The grounded cir¬ 
cuit conductor shall be insulated from the equipment 
grounding conductors and from equipment enclosures and 
other grounded parts. The grounded circuit conductor ter¬ 
minals in the panelboard and in ranges, clothes dryers, 
counter-mounted cooking units, and wall-mounted ovens 
shall be insulated from the equipment enclosure. Bonding 
screws, straps, or buses in the panelboard or in appliances 
shall be removed and discarded. Connection of electric 
ranges and electric clothes dryers utilizing a grounded con¬ 
ductor, if cord-connected, shall be made with 4-conductor 


(E) Grounding Continuity. Where more than one equip¬ 
ment grounding conductor of a branch circuit enters a box, 
all such conductors shall be in good electrical contact with 
each other, and the arrangement shall be such that the dis¬ 
connection or removal of a receptacle, fixture, including a 
luminaire, or other device fed from the box will not inter¬ 
fere with or interrupt the grounding continuity. 

(F) Cord-Connected Appliances. Cord-connected appli¬ 
ances, such as washing machines, clothes dryers, refrigera¬ 
tors, and the electrical system of gas ranges, and so on, 
shall be grounded by means of an approved cord with 
equipment grounding conductor and grounding-type attach¬ 
ment plug. 
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552.57 Bonding of Non-Current-Carrying Metal Parts. 

(A) Required Bonding. All exposed non-current-carrying 
metal parts that are likely to become energized shall be 
effectively bonded to the grounding terminal or enclosure 
of the panelboard. [ROP 19-83] 

(B) Bonding Chassis. A bonding conductor shall be con¬ 
nected between any panelboard and an accessible terminal 
on the chassis. Aluminum or copper-clad aluminum con¬ 
ductors shall not be used for bonding if such conductors or 
their terminals are exposed to corrosive elements. [ROP 
19-83] 

Exception: Any park trailer that employs a unitized metal 
chassis-frame construction to which the panelboard is se¬ 
curely fastened with a bolt(s) and nut(s) or by welding or 
riveting shall be considered to be bonded. [ROP 19-83] 

(C) Bonding Conductor Requirements. Grounding ter¬ 
minals shall be of the solderless type and listed as pressure 
terminal connectors recognized for the wire size used. The 
bonding conductor shall be solid or stranded, insulated or 
bare, and shall be 8 AWG copper minimum or equivalent. 

(D) Metallic Roof and Exterior Bonding. The met^irpof 
and exterior covering shall be considered bonded where 
both of the following conditions apply: 

(1) The metal panels overlap one another and are securely 
attached to the wood or metal frame parts by met 
fasteners. 

(2) The lower panel of the metal e^ 
cured by metal fasteners at each cf@StTl§ifSmb ot tne 
chassis, or the lower panel is connected to th hassis 
by a metal strap. 


. The gas, wa- 
;rounded if they 


(E) Gas, Water, and Wi 

ter, and waste pipes shall b' 
are bonded to the chassis. 




(F) Furnace and Metal Air Duct Bonding. Furnace and 
metal circulating air ducts shall be bonded. 


(B) Outside Heating Equipment, Air-Conditioning 
Equipment, or Both. A park trailer provided with a branch 
circuit designed to energize outside heating equipment or 
air-conditioning equipment, or both, located outside the 
park trailer, other than room air conditioners, shall have 
such branch-circuit conductors terminate in a listed outlet 
box or disconnecting means located on the outside of the 
park trailer. A label shall be permanently affixed within 
150 mm (6 in.) from the listed box or disconnecting means 
and shall contain the following information: 

THIS CONNECTION IS FOR HEATING 
AND/OR AIR-CONDITIONING EQUIPMENT. 

THE BRANCH CIRCUIT IS RATED AT NOT MORE 

THAN _AMPERES, AT _ VOLTS, 60 HZ, 

_CONDUCTOR AMPACITY. 

A DISCONNECTING MEANS SHALL BE 
LOCATED WITHIN SIGHT OF THE EQUIPMENT. 

Ehe correct voltage and ampere rating shall be given. 
SB tag shall not be Jess than 0.51 mm (0.020 in.) thick 
etched.brass, stainless steel, anodized or alclad aluminum, 
talent. The tag shall not be less than 75 mm 
45 mm (3 in. x 1 3 A in.) minimum size. 

factory Tests 

552.60 Factory Tests (Electrical). Each park trailer shall 
be subjected to the tests required by 552.60(A) and (B). 

(A) Circuits of 120 Volts or 120/240 Volts. Each park 
trailer designed with a 120-volt or a 120/240-volt electrical 
system shall withstand the applied potential without electri¬ 
cal breakdown of a 1-minute, 900-volt dielectric strength 
test, or a 1-second, 1080-volt dielectric strength test, with 
all switches closed, between ungrounded and grounded 
conductors and the park trailer ground. During the test, all 
switches and other controls shall be in the on position. 
Fixtures, including luminaires, and permanently installed 
appliances shall not be required to withstand this test. 

Each park trailer shall be subjected to the following: 


552.58 Appliance Accessibility and Fastening. Every ap¬ 
pliance shall be accessible for inspection, service, repair, 
and replacement without removal of permanent construc¬ 
tion. Means shall be provided to securely fasten appliances 
in place when the park trailer is in transit. 

552.59 Outdoor Outlets, Fixtures, Including Lumi¬ 
naires, Air-Cooling Equipment, and So On. 

(A) Listed for Outdoor Use. Outdoor fixtures, including 
luminaires, and equipment shall be listed for outdoor use. 
Outdoor receptacle outlets shall be in accordance with 
406.9(A) and (B). Switches and circuit breakers installed 
outdoors shall comply with 404.4. 


(1) A continuity test to ensure that all metal parts are prop¬ 
erly bonded 

(2) Operational tests to demonstrate that all equipment is 
properly connected and in working order 

(3) Polarity checks to determine that connections have 
been properly made 

(4) Receptacles requiring GFCI protection shall be tested 
for correct function by the use of a GFCI testing device 

(B) Low-Voltage Circuits. An operational test of low- 

voltage circuits shall be conducted to demonstrate that all 

equipment is connected and in electrical working order. 

This test shall be performed in the final stages of produc- 
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tion after all outer coverings and cabinetry have been se¬ 
cured. 


ARTICLE 553 
Floating Buildings 


I. General 

553.1 Scope. This article covers wiring, services, feeders, 
and grounding for floating buildings. 

553.2 Definition. 

Floating Building. A building unit, as defined in Article 
100, that floats on water, is moored in a permanent location, 
and has a premises wiring system served through connec¬ 
tion by permanent wiring to an electrical supply system not 
located on the premises. 


II. Services and Feeders 

553.4 Location of Service Equipment. The service equip¬ 
ment for a floating building shall be located adjacent to, but' 
not in or on, the building or any floating structure. The 
main overcurrent protective device that feeds the Heating 
structure shall have ground fault protection noi 
100 mA. Ground fault protection of each individual b h 
or feeder circuit shall be permitted as a suitable alter 

553.5 Service Conductors. One 

shall be permitted to serve mori 
equipment. 


553.6 Feeder Conductors. Each 
supplied by a single set of feeder cc? 
vice equipment. 


shall be 
tom its ser- 


Exception: Where the floating building has multiple occu¬ 
pancy, each occupant shall be permitted to be supplied by a 
single set of feeder conductors extended from the occu¬ 
pant’s service equipment to the occupant’s panelboard. 

553.7 Installation of Services and Feeders. 

(A) Flexibility. Flexibility of the wiring system shall be 
maintained between floating buildings and the supply con¬ 
ductors. All wiring shall be installed so that motion of the 
water surface and changes in the water level will not result 
in unsafe conditions. 

(B) Wiring Methods. Liquidtight flexible metal conduit or 
liquidtight flexible nonmetallic conduit with approved fit¬ 
tings shall be permitted for feeders and where flexible con¬ 
nections are required for services. Extra-hard usage por¬ 


table power cable listed for both wet locations and sunlight 
resistance shall be permitted for a feeder to a floating build¬ 
ing where flexibility is required. Other raceways suitable 
for the location shall be permitted to be installed where 
flexibility is not required. 

[ROP 19-100a] 

III. Grounding 

553.8 General Requirements. Grounding at floating 
buildings shall comply with 553.8(A) through (D). 

(A) Grounding of Electrical and Nonelectrical Parts. 

Grounding of both electrical and nonelectrical parts in a 
floating building shall be through connection to a ground¬ 
ing bus in the building panelboard. 


(B) Installati 
ing Cond 

be 
gro 





Connection of Equipment Ground- 

uipment grounding conductor shall 
with the feeder conductors and connected to a 
terminal in the service equipment. 


cation of Equipment Grounding Conductor. 

aent grounding conductor shall be an insulated 
itor with a continuous outer finish that is ei- 
feen with one or more yellow stripes. For 
arger than 6 AWG, or where multiconductor 
ales are used, re-identification of conductors as allowed 
250.119(A)(2)(2) and (A)(2)(3) or 250.119(B)(2) and 
|(3) shall be permitted. 

(D) Grounding Electrode Conductor Connection. The 

grounding terminal in the service equipment shall be 
grounded by connection through an insulated grounding 
electrode conductor to a grounding electrode on shore. 

553.9 Insulated Neutral. The grounded circuit conductor 
(neutral) shall be an insulated conductor identified in com¬ 
pliance with 200.6. The neutral conductor shall be con¬ 
nected to the equipment grounding terminal in the service 
equipment, and, except for that connection, it shall be in¬ 
sulated from the equipment grounding conductors, equip¬ 
ment enclosures, and all other grounded parts. The neutral 
conductor terminals in the panelboard and in ranges, 
clothes dryers, counter-mounted cooking units, and the like 
shall be insulated from the enclosures. 


553.10 Equipment Grounding. 

(A) Electrical Systems. All enclosures and exposed metal 
parts of electrical systems shall be connected to the ground¬ 
ing bus. 

(B) Cord-Connected Appliances. Where required to be 
grounded, cord-connected appliances shall be grounded by 
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means of an equipment grounding conductor in the cord 
and a grounding-type attachment plug. 

553.11 Bonding of Non-Current-Carrying Metal Parts. 

All metal parts in contact with the water, all metal piping, 
and all non-current-carrying metal parts that are likely to 
become energized shall be connected to the grounding bus 
in the panelboard. 


Marine Power Outlet. An enclosed assembly that can in¬ 
clude equipment such as receptacles, circuit breakers, fused 
switches, fuses, watt-hour meter(s), panelboards, and moni¬ 
toring means approved for marine use. [ROP 19-102] 

555.3 Ground-Fault Protection. The main overcurrent 
protective device that feeds the marina shall have ground 
fault protection not exceeding 100 mA. Ground-fault pro¬ 
tection of each individual branch or feeder circuit shall be 
permitted as a suitable alternative. 


ARTICLE 555 
Marinas and Boatyards 


555.4 Distribution System. Yard and pier distribution sys¬ 
tems shall not exceed 1000 volts phase to phase. [ROP 
19-104] 


555.1 Scope. This article covers the installation of wiring 
and equipment in the areas comprising fixed or floating 
piers, wharves, docks, and other areas in marinas, boat¬ 
yards, boat basins, boathouses, yacht clubs, boat condo¬ 
miniums, docking facilities associated with residential con¬ 
dominiums, any multiple docking facility, or similar 
occupancies, and facilities that are used, or intended for 
use, for the purpose of repair, berthing, launching, storage, 
or fueling of small craft and the moorage of floating 
ings. 

Private, noncommercial docking facilities constructed 
or occupied for the use of the owner oivresidents of 
associated single-family dwelling are not ^covered by this 
article. 

Informational Note: See NFPA 303-20 
Standard for Marinas and Boatyards fef( 
mation. [ROP 19-101a] 



555.2 Definitions. 




atum plane is de- 


Electrical Datum Plane. The 

fined as follows: 

(1) In land areas subject to tidal fluctuation, the electrical 
datum plane is a horizontal plane 606 mm (2 ft) above 
the highest tide level for the area occurring under nor¬ 
mal circumstances, that is, highest high tide. 

(2) In land areas not subject to tidal fluctuation, the elec¬ 
trical datum plane is a horizontal plane 606 mm (2 ft) 
above the highest water level for the area occurring 
under normal circumstances. 

(3) The electrical datum plane for floating piers and land¬ 
ing stages that are (a) installed to permit rise and fall 
response to water level, without lateral movement, and 
(b) that are so equipped that they can rise to the datum 
plane established for (1) or (2), is a horizontal plane 
762 mm (30 in.) above the water level at the floating 
pier or landing stage and a minimum of 305 mm 
(12 in.) above the level of the deck. 


555.5 Transformers. Transformers and enclosures shall be 
specifically approved for the intended location. The bottom 
of enclosures for transformers shall not be located below 
thq^felectrical datum plane. 

ication of Service Equipment. The service equip- 
floating docks or marinas shall be located adjacent 
t not on or in, the floating structure. 

55.9 Electrical Connections. Electrical connections shall 
ated at least 305 mm (12 in.) above the deck of a 
floating pier. Conductor splices, within approved junction 
boxes, utilizing sealed wire connector systems listed and 
identified for submersion shall be permitted where located 
above the waterline but below the electrical datum plane 
for floating piers. 

All electrical connections shall be located at least 
305 mm (12 in.) above the deck of a fixed pier but not 
below the electrical datum plane. 

555.10 Electrical Equipment Enclosures. 

(A) Securing and Supporting. Electrical equipment en¬ 
closures installed on piers above deck level shall be se¬ 
curely and substantially supported by structural members, 
independent of any conduit connected to them. If enclo¬ 
sures are not attached to mounting surfaces by means of 
external ears or lugs, the internal screw heads shall be 
sealed to prevent seepage of water through mounting holes. 

(B) Location. Electrical equipment enclosures on piers 
shall be located so as not to interfere with mooring lines. 

555.11 Circuit Breakers, Switches, Panelboards, and 
Marine Power Outlets. Circuit breakers and switches in¬ 
stalled in gasketed enclosures shall be arranged to permit 
required manual operation without exposing the interior of 
the enclosure. All such enclosures shall be arranged with a 
weep hole to discharge condensation. 
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555.12 Load Calculations for Service and Feeder Con¬ 
ductors. General lighting and other loads shall be calcu¬ 
lated in accordance with Part III of Article 220, and, in 
addition, the demand factors set forth in Table 555.12 shall 
be permitted for each service and/or feeder circuit supply¬ 
ing receptacles that provide shore power for boats. These 
calculations shall be permitted to be modified as indicated 
in notes (1) and (2) to Table 555.12. Where demand factors 
of Table 555.12 are applied, the demand factor specified in 
220.61(B) shall not be permitted. 

Informational Note: These demand factors may be inad¬ 
equate in areas of extreme hot or cold temperatures with 
loaded circuits for heating, air-conditioning, or refrigerating 
equipment. 

Table 555.12 Demand Factors 


Number of Shore Power 
Receptacles 

Sum of the Rating of the 
Receptacles 

(%) 

1^1 

100 

5-8 

90 

9-14 

80 

15-30 

70 

31^10 

60 

41-50 

50 

51-70 

40 

>71 

30 




Notes: 

1. Where shore power accommodations provide t' 
cifically for an individual boat slip and these recept; 
ent voltages (for example, one 30 ampere, 1 25 v olt ant 
pere, 125/250 volt), only the receptac' 
demand shall be required to be calculi 

2. If the facility being installed includes individual kilOwjkt-houWub- 
meters for each slip and is being calculated using the criteria listed in 
Table 555.12, the total demand amperes^^^be multiplied by 0.9 to 
achieve the final demand amperes. 


555.13 Wiring Methods and Installation. 

(A) Wiring Methods. 

(1) General. Wiring methods of Chapter 3 shall be permit¬ 
ted where identified for use in wet locations. 

(2) Portable Power Cables. Extra-hard usage portable 
power cables rated not less than 167°F (75°C), 600 volts; 
listed for both wet locations and sunlight resistance; and 
having an outer jacket rated to be resistant to temperature 
extremes, oil, gasoline, ozone, abrasion, acids, and chemi¬ 
cals shall be permitted as follows: 

(1) As permanent wiring on the underside of piers (floating 
or fixed) 

(2) Where flexibility is necessary as on piers composed of 
floating sections 


(3) Temporary Wiring. Temporary wiring, except as per¬ 
mitted by Article 590, shall not be used to supply power to 
boats. 

(B) Installation. 

(1) Overhead Wiring. Overhead wiring shall be installed 
to avoid possible contact with masts and other parts of 
boats being moved in the yard. 

Conductors and cables shall be routed to avoid wiring 
closer than 6.0 m (20 ft) from the outer edge or any portion 
of the yard that can be used for moving vessels or stepping 
or unstepping masts. 

(2) Outside Branch Circuits and Feeders. Outside 
branch circuits and feeders shall comply with Article 225 
except that clearance#- for overhead wiring in portions of 
the yard other than those described in 555.13(B)(1) shall 
not be less than S.49 m (18 ft) abovegrade. 

(3) Wiring t)ver and Under Navigable Water. Wiring 
over and under navigable water shall be subject to approval 
by the authority^ having jurisdiction. 

lnfonnati Hal Note: See NFPA 303-2011, Fire Protection 
Standard for Marinas and Boatyards , for warning sign 

Wer Cables. 

ere portable power cables are permitted by 
.13(A)(2), the installation shall comply with the follow- 

Cables shall be properly supported. 

(2) Cables shall be located on the underside of the pier. 

(3) Cables shall be securely fastened by nonmetallic clips 
to structural members other than the deck planking. 

(4) Cables shall not be installed where subject to physical 
damage. 

(5) Where cables pass through structural members, they 
shall be protected against chafing by a permanently 
installed oversized sleeve of nonmetallic material. 

(b) Where portable power cables are used as permitted 
in 555.13(A)(2)(2), there shall be an approved junction box 
of corrosion-resistant construction with permanently in¬ 
stalled terminal blocks on each pier section to which the 
feeder and feeder extensions are to be connected. A listed 
marine power outlet employing terminal blocks/bars shall 
be permitted in lieu of a junction box. Metal junction boxes 
and their covers, and metal screws and parts that are ex¬ 
posed externally to the boxes, shall be of corrosion- 
resistant materials or protected by material resistant to 
corrosion. 

(5) Protection. Rigid metal conduit, reinforced thermoset¬ 
ting resin conduit (RTRC) listed for aboveground use, or 
rigid polyvinyl chloride (PVC) conduit suitable for the lo¬ 
cation, shall be installed to protect wiring above decks of 
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piers and landing stages and below the enclosure that it 
serves. The conduit shall be connected to the enclosure by 
full standard threads or fittings listed for use in damp or wet 
locations, as applicable. 

555.15 Grounding. Wiring and equipment within the 
scope of this article shall be grounded as specified in Ar¬ 
ticle 250 and as required by 555.15(A) through (E). 

(A) Equipment to Be Grounded. The following items 
shall be connected to an equipment grounding conductor 
run with the circuit conductors in the same raceway, cable, 
or trench: 

(1) Metal boxes, metal cabinets, and all other metal enclo¬ 
sures 

(2) Metal frames of utilization equipment 

(3) Grounding terminals of grounding-type receptacles 

(B) Type of Equipment Grounding Conductor. The 

equipment grounding conductor shall be an insulated cop¬ 
per conductor with a continuous outer finish that is either 
green or green with one or more yellow stripes. The equip¬ 
ment grounding conductor of Type MI cable shall be per¬ 
mitted to be identified at terminations. For conductors 
larger than 6 AWG, or where multiconductor cab 
used, re-identification of conductors as allowed in 
250.119(A)(2)(b) and (A)(2)(c) or 250.119(B)(2) %d 

(B) (3) shall be permitted. 

(C) Size of Equipment Grounding Conductor. The insu 
lated copper equipment grounding conductorjgiall be si: 
in accordance with 250.122 but not smaller than 12 A' 



(D) Branch-Circuit Equj 

The insulated equipment grounding 
circuits shall terminate at ; 
panelboard or the grounding' tejfi 
equipment. 



ding Conductor. 

ctor for branch 
nal in a remote 
e main service 


(E) Feeder Equipment Grounding Conductors. Where a 
feeder supplies a remote panelboard, an insulated equip¬ 
ment grounding conductor shall extend from a grounding 
terminal in the service equipment to a grounding terminal 
in the remote panelboard. 

555.17 Disconnecting Means for Shore Power Connec¬ 
tion^). Disconnecting means shall be provided to isolate 
each boat from its supply connection(s). 


circuit ahead of the receptacle. Circuit breakers or switches 
located in marine power outlets complying with this section 
shall be permitted as the disconnecting means. 

555.19 Receptacles. Receptacles shall be mounted not less 
than 305 mm (12 in.) above the deck surface of the pier and 
not below the electrical datum plane on a fixed pier. 

(A) Shore Power Receptacles. 

(1) Enclosures. Receptacles intended to supply shore 
power to boats shall be housed in marine power outlets 
listed as marina power outlets or listed for set locations, or 
shall be installed in listed enclosures protected from the 
weather or in listed weatherproof enclosures. The integrity 
of the assembly shall not be affected when the receptacles 
are in use witb-any type of booted or nonbooted attachment 
plug/caj) inserted. 

(2) Strain Rel ief. Means shall be provided where neces- 
*to reduce the strain on the plug and receptacle caused 

weight and catenary angle of the shore power cord. 

ch Circuits. Each single receptacle that supplies 
power to boats shall be supplied from a marine power 
outie; : ,pr panelboard by an individual branch circuit of the 
volta ;e qlass and rating corresponding to the rating of the 
cle. 

Informational Note: Supplying receptacles at voltages 
other than the voltages marked on the receptacle may cause 
overheating or malfunctioning of connected equipment, for 
example, supplying single-phase, 120/240-volt, 3-wire 
loads from a 208Y/120-volt, 3-wire source. 

(4) Ratings. Shore power for boats shall be provided by 
single receptacles rated not less than 30 amperes. 

Informational Note: For locking- and grounding-type re¬ 
ceptacles for auxiliary power to boats, see NFPA 303-2011, 
Fire Protection Standard for Marinas and Boatyards. 

(a) Receptacles rated 30 amperes and 50 amperes shall 
be of the locking and grounding type. 

Informational Note: For various configurations and ratings 
of locking and grounding-type receptacles and caps, see 
ANSI/NEMA WD 6-2002 (R2008), National Electrical 
Manufacturers Association’s Standard for Dimensions of 
Attachment Plugs and Receptacles. [ROP 19-107a] 

(b) Receptacles rated 60 amperes and 100 amperes 
shall be of the pin and sleeve type. 



(A) Type. The disconnecting means shall consist of a cir¬ 
cuit breaker, switch, or both, and shall be properly identi¬ 
fied as to which receptacle it controls. 

(B) Location. The disconnecting means shall be readily 
accessible, located not more than 762 mm (30 in.) from the 
receptacle it controls, and shall be located in the supply 


Informational Note: For various configurations and ratings 
of pin and sleeve receptacles, see ANSI/UL 1686, UL Stan¬ 
dard for Safety Pin and Sleeve Configurations. 

(B) Other Than Shore Power. 

(1) Ground-Fault Circuit-Interrupter (GFCI) Protec¬ 
tion for Personnel. Fifteen- and 20-ampere, single-phase, 
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125-volt receptacles installed outdoors, in boathouses, in 
buildings or structures used for storage, maintenance, or 
repair where portable electrical hand tools, electrical diag¬ 
nostic equipment, or portable lighting equipment are to be 
used shall be provided with GFCI protection for personnel. 
Receptacles in other locations shall be protected in accor¬ 
dance with 210.8(B). 

(2) Marking. Receptacles other than those supplying shore 
power to boats shall be permitted to be housed in marine 
power outlets with the receptacles that provide shore power 
to boats, provided they are marked to clearly indicate that 
they are not to be used to supply power to boats. 


(B) 90 Days. Temporary electric power and lighting instal¬ 
lations shall be permitted for a period not to exceed 90 days 
for holiday decorative lighting and similar purposes. 

(C) Emergencies and Tests. Temporary electric power 
and lighting installations shall be permitted during emer¬ 
gencies and for tests, experiments, and developmental 
work. 

(D) Removal. Temporary wiring shall be removed imme¬ 
diately upon completion of construction or purpose for 
which the wiring was installed. 

590.4 General. 


555.22 Repair Facilities — Hazardous (Classified) Lo¬ 
cations. Electrical wiring and equipment located at facili¬ 
ties for the repair of marine craft containing flammable or 
combustible liquids or gases shall comply with Article 511 
in addition to the requirements of this article. 

555.23 Marine Hoists, Railways, Cranes, and Mono- 

rails. Motors and controls for marine hoists, railways, 
cranes, and monorails shall not be located below the elec¬ 
trical datum plane. Where it is necessary to provide electric 
power to a mobile crane or hoist in the yard and a trailing 
cable is utilized, it shall be a listed portable power cable 
rated for the conditions of use and be provided with an 
outer jacket of distinctive color for safety. 


ARTICLE 5 
Temporary Installation; 


590.1 Scope. The provisions of this article 
porary electric power and lighting ins 

590.2 All Wiring Installations. 


(A) Other Articles. Except as specifically modified in this 
article, all other requirements of this Code for permanent 
wiring shall apply to temporary wiring installations. 



y to tem- 


(A) Services. Services shall be installed in conformance 
with Parts I through VIII of Article 230, as applicable. 

(B) Feeders. Overcurrent protection shall be provided in 

accordance win 2Wk 240.5, 240.100, and 240.101. Con¬ 
ductors shall be permitted within cable assemblies or within 
multiconductor cords or cablqs of a type identified in Table 
400.4 for hard usage or extra-hard usage. For the purpose 
of Type NM and Type NMC cables shall be 

permitted to be used in any dwelling, building, or structure 

vithout any height limitation or limitation by building con- 
type and without concealment within walls, floors, 
or^ceiimgs. 

deception: Single insulated conductors shall be permitted 
ere installed for the purpose(s) specified in 590.3(C), 
fre accessible only to qualified persons. 


(C) Branch Circuits. All branch circuits shall originate in 
an approved power outlet, metal-enclosed power switch- 
gear, switchboard or panelboard, motor control center, or 
fused switch enclosure. Conductors shall be permitted 
within cable assemblies or within multiconductor cord or 
cable of a type identified in Table 400.4 for hard usage or 
extra-hard usage. Conductors shall be protected from over¬ 
current as provided in 240.4, 240.5, and 240.100. For the 
purposes of this section, Type NM and Type NMC cables 
shall be permitted to be used in any dwelling, building, or 
structure without any height limitation or limitation by 
building construction type and without concealment within 
walls, floors, or ceilings. [ROP 3-100] 


(B) Approval. Temporary wiring methods shall be accept¬ 
able only if approved based on the conditions of use and 
any special requirements of the temporary installation. 

590.3 Time Constraints. 

(A) During the Period of Construction. Temporary elec¬ 
tric power and lighting installations shall be permitted dur¬ 
ing the period of construction, remodeling, maintenance, 
repair, or demolition of buildings, structures, equipment, or 
similar activities. 


Exception: Branch circuits installed for the purposes 
specified in 590.3(B) or 590.3(C) shall be permitted to be 
run as single insulated conductors. Where the wiring is 
installed in accordance with 590.3(B), the voltage to 
ground shall not exceed 150 volts, the wiring shall not be 
subject to physical damage, and the conductors shall be 
supported on insulators at intervals of not more than 3.0 m 
(10 ft); or, for festoon ligh ting, the conductors shall be so 
arranged that excessive strain is not transmitted to the 
lampholders. 
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(D) Receptacles. 

(1) All Receptacles. All receptacles shall be of the ground¬ 
ing type. Unless installed in a continuous metal raceway 
that qualifies as an equipment grounding conductor in ac¬ 
cordance with 250.118 or a continuous metal-covered cable 
that qualifies as an equipment grounding conductor in ac¬ 
cordance with 250.118, all branch circuits shall include a 
separate equipment grounding conductor, and all recep¬ 
tacles shall be electrically connected to the equipment 
grounding conductor(s). Receptacles on construction sites 
shall not be installed on any branch circuit that supplies 
temporary lighting. 

(2) Receptacles in Wet Locations. All 15- and 20-ampere, 
125- and 250-volt receptacles installed in a wet location 
shall comply with 406.9(B)(1). The requirement shall also 
pertain to temporary installations at one- and two-family 
dwellings. [ROP 3-102] 

(E) Disconnecting Means. Suitable disconnecting 
switches or plug connectors shall be installed to permit the 
disconnection of all ungrounded conductors of each tempo¬ 
rary circuit. Multiwire branch circuits shall be provided 
with a means to disconnect simultaneously all ungrounded 
conductors at the power outlet or panelboard whe 
branch circuit originated. Identified handle ties shall hS 
mitted. 

(F) Lamp Protection. All lamps for 
shall be protected from accidental o 
suitable luminaire or lampholder with 

Brass shell, paper-lined sockets, or otl 
sockets shall not be used unless the shell is 

(G) Splices. On construction sites, a box shall not be re¬ 
quired for splices or junction connections where the circuit 
conductors are multiconductor cord or cable assemblies, 
provided that the equipment groun<|pg continuity is main¬ 
tained with or without the box. See 110.14(B) and 400.9. A 
box, conduit body, or terminal fitting having a separately 
bushed hole for each conductor shall be used wherever a 
change is made to a conduit or tubing system or a metal- 
sheathed cable system. 

(H) Protection from Accidental Damage. Flexible cords 
and cables shall be protected from accidental damage. 
Sharp corners and projections shall be avoided. Where 
passing through doorways or other pinch points, protection 
shall be provided to avoid damage. 

(I) Termination(s) at Devices. Flexible cords and cables 
entering enclosures containing devices requiring termina¬ 
tion shall be secured to the box with fittings listed for con¬ 
necting flexible cords and cables to boxes designed for the 
purpose. [ROP 3-104] 



(J) Support. Cable assemblies and flexible cords and 
cables shall be supported in place at intervals that ensure 
that they will be protected from physical damage. Support 
shall be in the form of staples, cable ties, straps, or similar 
type fittings installed so as not to cause damage. Vegetation 
shall not be used for support of overhead spans of branch 
circuits or feeders. 

Exception: For holiday lighting in accordance with 

590.3(B), where the conductors or cables are arranged 
with strain relief devices, tension take-up devices, or other 
approved means to avoid damage from the movement of the 
live vegetation, trees shall be permitted to be used for sup¬ 
port of overhead spans of branch-circuit conductors or 
cables. 

* 

590.5 Listing of Decorative Lighting. Decorative lighting 
used for holiday lighting and similar purposes, in accor¬ 
dance with 590.3(B), shall be listed. 


Ground-Fault Protection for Personnel. Ground- 
tection for personnel for all temporary wiring in- 
shall be provided to comply with 590.6(A) and 
is section shall apply only to temporary wiring in- 
used to supply temporary power to equipment 
'ersonnel during construction, remodeling, main- 
ceT repair, or demolition of buildings, structures, 
ment, or similar activities. This section shall apply to 
power derived from an electric utility company or from an 
on-site-generated power source. 

(A) Receptacle Outlets. Temporary receptacle installa¬ 
tions used to supply temporary power to equipment used by 
personnel during construction, remodeling, maintenance, 
repair, or demolition of buildings, structures, equipment, or 
similar activities shall comply with the requirements of 
590.6(A)(1) through (A)(3), as applicable. 

Exception: In industrial establishments only, where condi¬ 
tions of maintenance and supervision ensure that only 
qualified personnel are involved, an assured equipment 
grounding conductor program as specified in 590.6(B)(2) 
shall be permitted for only those receptacle outlets used to 
supply equipment that would create a greater hazard if 
power were interrupted or having a design that is not com¬ 
patible with GFCI protection. 

(1) Receptacle Outlets Not Part of Permanent Wiring. 

All 125-volt, single-phase, 15-, 20-, and 30-ampere recep¬ 
tacle outlets that are not a part of the permanent wiring of 
the building or structure and that are in use by personnel 
shall have ground-fault circuit-interrupter protection for 
personnel. 

(2) Receptacle Outlets Existing or Installed as Perma¬ 
nent Wiring. Ground-fault circuit-interrupter protection for 
personnel shall be provided for all 125-volt, single-phase, 
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15-, 20-, and 30-ampere receptacle outlets installed or ex¬ 
isting as part of the permanent wiring of the building or 
structure and used for temporary electric power. Listed cord 
sets or devices incorporating listed ground-fault circuit- 
interrupter protection for personnel identified for portable 
use shall be permitted. 

(3) Receptacles on 15-kW or less Portable Generators. 

All 125-volt and 125/250-volt, single-phase, 15-, 20-, and 
30-ampere receptacle outlets that are a part of a 15-kW or 
smaller portable generator shall have listed ground-fault 
circuit-interrupter protection for personnel. All 15- and 20- 
ampere, 125- and 250-volt receptacles, including those that 
are part of a portable generator, used in a damp or wet 
location shall comply with 406.9(A) and (B). Listed cord 
sets or devices incorporating listed ground-fault circuit- 
interrupter protection for personnel identified for portable 
use shall be permitted for use with 15-kW or less portable 
generators manufactured or remanufactured prior to Janu¬ 
ary 1, 2011. 

(B) Use of Other Outlets. For temporary wiring installa¬ 
tions, receptacles, other than those covered by 590.6(A)(1) 
through (A)(3) used to supply temporary power to equip¬ 
ment used by personnel during construction, remodeling, 
maintenance, repair, or demolition of buildings, structures,i 
or equipment, or similar activities, shall have protection in 
accordance with (B)(1) or the assured equipment grounding 
conductor program in accordance with (B)(2). 

(1) GFCI Protection. Ground-fault circuit- 
tection for personnel. 

(2) Assured Equipment Grounding Com 
gram. A written assured equipmei 




program continuously enforced at the site by one or more 
designated persons to ensure that equipment grounding 
conductors for all cord sets, receptacles that are not a part 
of the permanent wiring of the building or structure, and 
equipment connected by cord and plug are installed and 
maintained in accordance with the applicable requirements 
of 250.114, 250.138, 406.4(C), and 590.4(D). 

(a) The following tests shall be performed on all cord 
sets, receptacles that are not part of the permanent wiring of 
the building or structure, and cord-and-plug-connected 
equipment required to be connected to an equipment 
grounding conductor: 

(1) All equipment grounding conductors shall be tested for 
continuity and shall be electrically continuous. 

(2) Each receptacle and attachment plug shall be tested for 
correct attachgnent of the equipment grounding conduc¬ 
tor. The equipment grounding conductor shall be con¬ 
nected t^ms proper^terminal. 

All required tests shall be performed as follows: 

e first use Bjt>site 
there is evidence of damage 
Tore equipment is returned to service follow- 
any repairs 

tervals not exceeding 3 months 

tests required in item (2)(a) shall be recorded 
available to the authority having jurisdiction. 


.7 Guarding. For wiring over 600 volts, nominal, suit- 
e fencing, barriers, or other effective means shall be 
provided to limit access only to authorized and qualified 
personnel. 
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Chapter 6 Special Equipment 


ARTICLE 600 

Electric Signs and Outline Lighting 


I. General 

600.1 Scope. This article covers the installation of conduc¬ 
tors, equipment, and field wiring for electric signs and out¬ 
line lighting, regardless of voltage. All installations and 
equipment using neon tubing, such as signs, decorative el¬ 
ements, skeleton tubing, or art forms, are covered by this 
article. 

Informational Note: Sign and outline lighting illumination 
systems include, but are not limited to, cold cathode neon 
tubing, high-intensity discharge lamps (HID), fluorescent or 
incandescent lamps, light-emitting diodes (LEDs), and 
electroluminescent and inductance lighting. 

600.2 Definitions. 

[ROP 18-3] 

LED Sign Illumination System. A complete lightii 
tern for use in signs and outline lighting consisting of 
emitting diode (LED) light sources, power applies, 
and connectors to complete the installati 

Neon Tubing. Electric-discharge luminous tubin g, in clud 
ing cold cathode luminous tubing, thanis manufactured into 
shapes to illuminate signs, f oimJe tters. parts of letters, 
skeleton tubing, outline lighting, other decorative elements, 
or art forms and filled with various inert gases. [ROP 18- 
89a] 




Section Sign. A sign or outline lighting system, shipped as 
subassemblies, that requires field-installed wiring between 
the subassemblies to complete the overall sign. The subas¬ 
semblies are either physically joined to form a single sign 
unit or are installed as separate remote parts of an overall 
sign. 


(A) Field-Installed Skeleton Tubing. Field-installed skel¬ 
eton tubing shall not be required to be listed where installed 
in conformance with this Code. 

(B) Outline Lighting. Outline lighting shall not be re¬ 
quired to be listed as a system when it consists of listed 
luminaires wired in accordance with Chapter 3. 

600.4 Markings. 

(A) Signs and Outline Lighting Systems. Signs and out¬ 
line lighting systems shall be marked with the manufactur¬ 
er’s name, trademark, or other means of identification; and 
input voltage and current rating. 

(B) &pns with Lampholders for Incandescent Lamps. 

Signs and outline lighting systems with lampholders for 
andescent lamS shall be marked to indicate the maxi- 
wable lam|T wattage per lampholder. The mark- 
be permanently installed, in letters at least 6 mm 
.) high, and shall be located where visible during 
relamping. 


'ility. The markings required in 600.4(A) and list- 
els shall not be required to be visible after installa¬ 
tion but shall be permanently applied in a location visible 
during servicing. 

(D) Durability. Marking labels shall be permanent, du¬ 
rable and, when in wet locations, shall be weatherproof. 

(E) Installation Instructions. All signs, outline lighting, 
skeleton tubing systems and retrofit kits shall be marked to 
indicate that field-wiring and installation instructions are 
required. [ROP 18-93] 

Exception: Portable, cord-connected signs are not re¬ 
quired to be marked. [ROP 18-93] 

600.5 Branch Circuits. 


Sign Body. A portion of a sign that may provide protection 
from the weather but is not an electrical enclosure. 

Skeleton Tubing. Neon tubing that is itself the sign or 
outline lighting and is not attached to an enclosure or sign 
body. 

600.3 Listing. Fixed, mobile, or portable electric signs, 
section signs, outline lighting, and retrofit kits, regardless 
of voltage, shall be listed, provided with installation in¬ 
structions, and installed in conformance with that listing, 
unless otherwise approved by special permission. [ROP 
18-90, ROP 18-91] 


(A) Required Branch Circuit. Each commercial building 
and each commercial occupancy accessible to pedestrians 
shall be provided with at least one outlet in an accessible 
location at each entrance to each tenant space for sign or 
outline lighting system use. The outlet(s) shall be supplied 
by a branch circuit rated at least 20 amperes that supplies 
no other load. Service hallways or corridors shall not be 
considered accessible to pedestrians. 

(B) Rating. Branch circuits that supply signs shall be rated 
in accordance with 600.5(B)(1) or (B)(2) and shall be con¬ 
sidered to be continuous loads for the purposes of calcula¬ 
tions. 
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(1) Neon Signs. Branch circuits that supply neon tubing 
installations shall not be rated in excess of 30 amperes. 

(2) All Other Signs. Branch circuits that supply all other 
signs and outline lighting systems shall be rated not to 
exceed 20 amperes. 

(C) Wiring Methods. Wiring methods used to supply 
signs shall comply with 600.5(C)(1), (C)(2), and (C)(3). 

(1) Supply. The wiring method used to supply signs and 
outline lighting systems shall terminate within a sign, an 
outline lighting system enclosure, a suitable box, or a con¬ 
duit body. 

(2) Enclosures as Pull Boxes. Signs and transformer en¬ 
closures shall be permitted to be used as pull or junction 
boxes for conductors supplying other adjacent signs, out¬ 
line lighting systems, or floodlights that are part of a sign 
and shall be permitted to contain both branch and second¬ 
ary circuit conductors. 

(3) Metal or Nonmetallic Poles. Metal or nonmetallic 
poles used to support signs shall be permitted to enclose 
supply conductors, provided the poles and conductors are 
installed in accordance with 410.30(B). 

600.6 Disconnects. Each sign and outline lighting system, 
feeder circuit or branch circuit supplying a sign, outline 
lighting system, or skeleton tubing shall be controlled by an 
externally operable switch or circuit breaker that opens all 
ungrounded conductors and controls no other load 
switch or circuit breaker shall open all ungrounded conduc¬ 
tors simultaneously on multi-wire branch circuits ii\ accor¬ 
dance with 210.4(B). Signs and outline lighting systems 
located within fountains shall have the disconnect located 
in accordance with 680.12. 

Exception No. 1: A disconnecting^neuns slmlWnot be re¬ 
quired for an exit directional sign located within a building. 

Exception No. 2: A disconnecting means shall not be re¬ 
quired for cord-connected signs with an attachment plug. 


the line of sight from any section that is able to be ener¬ 
gized, the disconnecting means shall be lockable in accor¬ 
dance with 1 10.25. [ROP 18-97] 

(3) Within Sight of the Controller. The following shall 
apply for signs or outline lighting systems operated by elec¬ 
tronic or electromechanical controllers located external to 
the sign or outline lighting system: 

(1) The disconnecting means shall be located within sight 
of the controller or in the same enclosure with the con¬ 
troller. [ROP 18-101] 

(2) The disconnecting means shall disconnect the sign or 
outline lighting system and the controller from all un¬ 
grounded supply conductors. 

(3) The disconnecting means shall be designed such that 
no pole can be operated independently and shall be 
lockable in^accordance with 110.25. [ROP 18-102] 

(B) ContrpTSvviteh Rating. Switches, flashers, and simi¬ 
lar devics^ controlling^ transformers and electronic power 
supplies shall he rated for^Sontrolling inductive loads or 
have a current rating not less than twice the current rating 
of the transformer. 

[ROP 18-102a] 

nding and Bonding. 

Grounding. 

Equipment Grounding. Metal equipment of signs, 
jtline lighting, and skeleton tubing systems shall be 
grounded by connection to the equipment grounding con¬ 
ductor of the supply branch circuit(s) or feeder using the 
types of equipment grounding conductors specified in 
250.118. [ROP 18-103] 

Exception: Portable cord-connected signs shall not be re¬ 
quired to be connected to the equipment grounding conduc¬ 
tor where protected by a system of double insulation or its 
equivalent. Double insulated equipment shall be distinc¬ 
tively marked. 



(A) Location. 

(1) At Point of Entry to a Sign Enclosure. The discon¬ 
nect shall be located at the point the feeder circuit or branch 
circuit(s) supplying a sign or outline lighting system enters 
a sign enclosure and shall disconnect all wiring where it 
enters the enclosure of the sign. [ROP 18-99] 

Exception: A disconnect is not required for branch or 
feeder circuits passing through the sign where enclosed in a 
Chapter 3 listed raceway. [ROP 18-99] 

(2) Within Sight of the Sign. The disconnecting means 
shall be within sight of the sign or outline lighting system 
that it controls. Where the disconnecting means is out of 


(2) Size of Equipment Grounding Conductor. The 

equipment grounding conductor size shall be in accordance 
with 250.122 based on the rating of the overcurrent device 
protecting the branch circuit or feeder conductors supplying 
the sign or equipment. 

(3) Connections. Equipment grounding conductor connec¬ 
tions shall be made in accordance with 250.130 and in a 
method specified in 250.8. 

(4) Auxiliary Grounding Electrode. Auxiliary grounding 
electrode(s) shall be permitted for electric signs and outline 
lighting systems covered by this article and shall meet the 
requirements of 250.54. 
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(5) Metal Building Parts. Metal parts of a building shall 
not be permitted as a secondary return conductor or an 
equipment grounding conductor. 

(B) Bonding. 


equipment grounding conductor of the branch circuit for 
the fountain recirculating system. The bonding connection 
shall be as near as practicable to the fountain and shall be 
permitted to be made to metal piping systems that are 
bonded in accordance with 680.53. 


(1) Bonding of Metal Parts. Metal parts and equipment of 
signs and outline lighting systems shall be bonded together 
and to the associated transformer or power-supply equip¬ 
ment grounding conductor of the branch circuit or feeder 
supplying the sign or outline lighting system and shall meet 
the requirements of 250.90. 

Exception: Remote metal parts of a section sign or outline 
lighting system only supplied by a remote Class 2 power 
supply shall not be required to be bonded to an equipment 
grounding conductor. 

(2) Bonding Connections. Bonding connections shall be 
made in accordance with 250.8. 

(3) Metal Building Parts. Metal parts of a building shall 
not be permitted to be used as a means for bonding metal 
parts and equipment of signs or outline lighting systems 
together or to the transformer or power-supply equipment 
grounding conductor of the supply circuit. 


(4) Flexible Metal Conduit Length. Listed flexible 
conduit or listed liquidtight flexible metal conduit thai 
closes the secondary circuit conductor from a transfer 
or power supply for use with neon tubing shall be permitti 
as a bonding means if the total accumulative lejBh of 
conduit in the secondary circuit dohlbqot exceed 3 
(100 ft). 



mctifl* parts Tlp&cxceeding 
Jsion, not likely to be^nergized, 
in.) from neon tubing, shall 


(5) Small Metal Parts. 

50 mm (2 in.) in any di 
and spaced at least 19 mi 
not require bonding. 

(6) Nonmetallic Conduit. WhefMKed nonmetallic con¬ 
duit is used to enclose the secondary circuit conductor from 
a transformer or power supply and a bonding conductor is 
required, the bonding conductor shall be installed separate 
and remote from the nonmetallic conduit and be spaced at 
least 38 mm (H /2 in.) from the conduit when the circuit is 
operated at 100 Hz or less or 45 mm (1% in.) when the 
circuit is operated at over 100 Hz. 


Informational Note: Refer to 600.32(J) for restrictions on 
length of high-voltage secondary conductors. 

600.8 Enclosures. Live parts, other than lamps, and neon 
tubing shall be enclosed. Transformers and power supplies 
provided with an integral enclosure, including a primary 
and secondary circuit splice enclosure, shall not require an 
additional enclosure. 

(A) Strength. Enclosures shall have ample structural 
strength an^rigidity. 

(B) Material. Sign and outline lighting system enclosures 
shaU oe constructed of metal or shall be listed. 

Minimum Thickness of Enclosure Metal. Sheet cop¬ 
per or aluminum shall be at least 0.51 mm (0.020 in.) thick, 
teel shall be at least 0.41 mm (0.016 in.) thick. 



(D) Protection of Metal. Metal parts of equipment shall 
e protected from corrosion. 

.9 Location. 

(A) Vehicles. Sign or outline lighting system equipment 
shall be at least 4.3 m (14 ft) above areas accessible to 
vehicles unless protected from physical damage. 

(B) Pedestrians. Neon tubing, other than listed dry- 
location portable signs, readily accessible to pedestrians 
shall be protected from physical damage. [ROP 18-107] 


Informational Note: 
requirements. 


See 600.41(D) for additional 


(C) Adjacent to Combustible Materials. Signs and out¬ 
line lighting systems shall be installed so that adjacent 
combustible materials are not subjected to temperatures in 
excess of 90°C (194°F). 

The spacing between wood or other combustible mate¬ 
rials and an incandescent or HID lamp or lampholder shall 
not be less than 50 mm (2 in.). 


(7) Bonding Conductors. Bonding conductors shall com¬ 
ply with (1) and (2). 

(1) Bonding conductors shall be copper and not smaller 
than 14 AWG. 

(2) Bonding conductors installed externally of a sign or 
raceway shall be protected from physical damage. 

(8) Signs in Fountains. Signs or outline lighting installed 
inside a fountain shall have all metal parts bonded to the 


(D) Wet Location. Signs and outline lighting system 
equipment for wet location use, other than listed watertight 
type, shall be weatherproof and have drain holes, as neces¬ 
sary, in accordance with the following: 

(1) Drain holes shall not be larger than 13 mm (V 2 in.) or 
smaller than 6 mm (Vi in.). 

(2) Every low point or isolated section of the equipment 
shall have at least one drain hole. 
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(3) Drain holes shall be positioned such that there will be 
no external obstructions. 

600.10 Portable or Mobile Signs. 

(A) Support. Portable or mobile signs shall be adequately 
supported and readily movable without the use of tools. 

(B) Attachment Plug. An attachment plug shall be pro¬ 
vided for each portable or mobile sign. 

(C) Wet or Damp Location. Portable or mobile signs in 
wet or damp locations shall comply with 600.10(C)(1) and 

(C) (2). 

(1) Cords. All cords shall be junior hard-service or hard- 
service types as designated in Table 400.4 and have an 
equipment grounding conductor. 

(2) Ground-Fault Circuit Interrupter. The manufacturer 
of portable or mobile signs shall provide ground-fault 
circuit-interrupter protection for personnel. The ground- 
fault circuit interrupter shall be an integral part of the at¬ 
tachment plug or shall be located in the power-supply cord 
within 300 mm (12 in.) of the attachment plug. [ROP 18- 
108] 

(D) Dry Location. Portable or mobile signs in dry loca¬ 
tions shall meet the following: 

(1) Cords shall be SP-2, SPE-2, SPT-2, or hea' 
ignated in Table 400.4. 

(2) The cord shall not exceed 4.5 m (15 ft] 


600.12 Field-Installed Secondary Wiring. FieT -installed 
secondary circuit wiring for electric signs, retrofi kits^jut- 
line lighting systems, and skeleton tubing systert ; shall be 
in accordance with their installation instrub ons and 
600.12(A), (B), or (C). [ROP 18-1 


(A) 1000 Volts or Less. Secondary cirs 
volts or less shall comply with 600.31. 


firing of 1000 


(B) Over 1000 Volts. Neon secondary circuit wiring of 
over 1000 volts shall comply with 600.32. [ROP 18-110] 

(C) Class 2. Where the installation complies with 600.33 
and the power source provides a Class 2 output that com¬ 
plies with 600.24, either of the following wiring methods 
shall be permitted as determined by the installation instruc¬ 
tions and conditions. [ROP 18-112] 

(1) Wiring methods identified in Chapter 3 

(2) Class 2 cables complying with Part III of Article 725 

600.21 Ballasts, Transformers, Electronic Power Sup¬ 
plies, and Class 2 Power Sources. Ballasts, transformers, 
electronic power supplies, and Class 2 Power Sources shall 
be of the self contained type or be enclosed by placement in 


a listed sign body or listed separate enclosure. [ROP 18- 
113] 

(A) Accessibility. Ballasts, transformers, electronic power 
supplies, and Class 2 Power Sources shall be located where 
accessible and shall be securely fastened in place. [ROP 
18-114] 

(B) Location. Ballasts, transformers, electronic power sup¬ 
plies, and Class 2 Power Sources shall be installed as near 
to the lamps or neon tubing as practicable to keep the sec¬ 
ondary conductors as short as possible. [ROP 18-114] 

(C) Wet Location. Ballasts, transformers, electronic 
power supplies, and Class 2 Power Sources used in wet 
locations shall be of the weatherproof type or be of the 
outdoor type and protected from the weather by placement 
in a sign body or separate enclosure. [ROP 18-114] 



(D) Working Space. A working space at least 900 mm 
(3 ft) high, 900 mm (3 ft) wide, by 900 mm (3 ft) deep shall 
be provided at each ballast, transformer, electronic power 
supply, and Class 2 Power Source or at its enclosure where 
not iifctalled i^a sign. [ROP 18-114] 

(E) Attic and Soffit Locations. Ballasts, transformers, 
electronic power supplies, and Class 2 Power Sources shall 

mitted to be located in attics and soffits, provided 
ccess door at least 900 mm by 562.5 mm 
2 Vi in.) and a passageway of at least 900 mm 
high by 600 mm (2 ft) wide with a suitable permanent 
lkway at least 300 mm (12 in.) wide extending from the 
of entry to each component. At least one lighting 
outlet containing a switch or controlled by a wall switch 
shall be installed in such spaces. At least one point of con¬ 
trol shall be at the usual point of entry to these spaces. The 
lighting outlet shall be provided at or near the equipment 
requiring servicing. [ROP 18-114] 

(F) Suspended Ceilings. Ballasts, transformers, electronic 
power supplies, and Class 2 Power Sources shall be permit¬ 
ted to be located above suspended ceilings, provided their 
enclosures are securely fastened in place and not dependent 
on the suspended ceiling grid for support. Ballasts, trans¬ 
formers, and electronic power supplies installed in sus¬ 
pended ceilings shall not be connected to the branch circuit 
by flexible cord. [ROP 18-114] 

600.22 Ballasts. 

(A) Type. Ballasts shall be identified for the use and shall 
be listed. 

(B) Thermal Protection. Ballasts shall be thermally pro¬ 
tected. 

600.23 Transformers and Electronic Power Supplies. 

(A) Type. Transformers and electronic power supplies 
shall be identified for the use and shall be listed. 
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(B) Secondary-Circuit Ground-Fault Protection. Trans¬ 
formers and electronic power supplies other than the fol¬ 
lowing shall have secondary-circuit ground-fault protec¬ 
tion: 


(3) Outline lighting 

These requirements are in addition to the requirements 
of Part I. 


(1) Transformers with isolated ungrounded secondaries 
and with a maximum open circuit voltage of 7500 volts 
or less 

(2) Transformers with integral porcelain or glass secondary 
housing for the neon tubing and requiring no held wir¬ 
ing of the secondary circuit 


600.31 Neon Secondary-Circuit Wiring, 1000 Volts or 
Less, Nominal. 

(A) Wiring Method. Conductors shall be installed using 
any wiring method included in Chapter 3 suitable for the 
conditions. 


(C) Voltage. Secondary-circuit voltage shall not exceed 
15,000 volts, nominal, under any load condition. The volt¬ 
age to ground of any output terminals of the secondary 
circuit shall not exceed 7500 volts, under any load condi¬ 
tion. 

(D) Rating. Transformers and electronic power supplies 
shall have a secondary-circuit current rating of not more 
than 300 mA. 

(E) Secondary Connections. Secondary circuit outputs 
shall not be connected in parallel or in series. 

(F) Marking. Transformers and electronic power si 
that are equipped with secondary-circuit ground-fat? 
tection shall be so marked. 

600.24 Class 2 Power Sources. Signs and outline light: 
systems supplied by Class 2 transforn^^power^upplie: 
and power sources shall comply with the recp 
Class 2 circuits and 600.24(A), (B), (Qi^'tod" 



(A) Listing. Class 2 powi 
shall be listed for use wi 
ing systems or shall be a 


(B) Grounding. Metal parts 
systems shall be grounded and 
600.7. 



jnd power sources 
ilectric signs and outline light- 
ponent in a listed electric sign. 


outline lighting 
in accordance with 


(B) Insulation and Size. Conductors shall be listed, insu¬ 
lated, and not smaller than 18 AWG. 

(C) Number of Conductors in Raceway. The number of 
conductors in a raceway shall be in accordance with Table 
1 of Chapte 

•n. Conductors shall be installed so they are 
^physical damage. 

Protection of Leads. Bushings shall be used to protect 
wires passing through an opening in metal. 

2 Neon Secondary-Circuit Wiring, over 1000 
Volts, Nominal. 


mg Methods. 

(1) Installation. Conductors shall be installed in rigid 
metal conduit, intermediate metal conduit, liquidtight flex¬ 
ible nonmetallic conduit, flexible metal conduit, liquidtight 
flexible metal conduit, electrical metallic tubing, metal en¬ 
closures, on insulators in metal raceways, or other equip¬ 
ment listed for use with neon secondary circuits over 1000 
volts. [ROP 8-117a] 

(2) Number of Conductors. Conduit or tubing shall con¬ 
tain only one conductor. 

(3) Size. Conduit or tubing shall be a minimum of metric 
designator 16 (trade size Vi). 


(C) Wiring Methods on the Supply Side of the Class 2 
Power Supply. Conductors and equipment on the supply 
side of the power source shall be installed in accordance 
with the appropriate requirements of Chapter 3. 

(D) Secondary Wiring. Secondary wiring from Class 2 
power sources shall comply with 600.12(C) and 600.33. 

II. Field-Installed Skeleton Tubing, Outline Lighting, 
and Secondary Wiring 

600.30 Applicability. Part II of this article shall apply to 
all of the following: 

(1) Field-installed skeleton tubing 

(2) Field-installed secondary circuits 


(4) Spacing from Grounded Parts. Other than at the lo¬ 
cation of connection to a metal enclosure or sign body, 
nonmetallic conduit or flexible nonmetallic conduit shall be 
spaced no less than 38 mm (1V 2 in.) from grounded or 
bonded parts when the conduit contains a conductor oper¬ 
ating at 100 Hz or less, and shall be spaced no less than 
45 mm (1% in.) from grounded or bonded parts when the 
conduit contains a conductor operating at more than 100 
Hz. 

(5) Metal Building Parts. Metal parts of a building shall 
not be permitted as a secondary return conductor or an 
equipment grounding conductor. 

(B) Insulation and Size. Conductors shall be insulated, 
listed as gas tube sign and ignition cable type GTO, rated 
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for 5, 10, or 15 kV, not smaller than 18 AWG, and have a ter 3 and the requirements for Class 2 circuits contained in 
minimum temperature rating of 105°C (221°F). Part III of Article 725, as applicable. [ROP 18-124] 


(C) Installation. Conductors shall be so installed that they 
are not subject to physical damage. 

(D) Bends in Conductors. Sharp bends in insulated con¬ 
ductors shall be avoided. 


(A) Insulation and Sizing of Class 2 Conductors. Listed 
Class 2 cable that complies with Table shall be installed on 
the load side of the Class 2 power source. The conductors 
shall have an ampacity not less than the load to be supplied 
and shall not be sized smaller than 22 AWG. 


(E) Spacing. Secondary conductors shall be separated 
from each other and from all objects other than insulators 
or neon tubing by a spacing of not less than 38 mm (IV 2 
in.). GTO cable installed in metal conduit or tubing re¬ 
quires no spacing between the cable insulation and the con¬ 
duit or tubing. 


(1) Wet Locations. Class 2 cable used in a wet location 
shall be identified for use in wet locations or have a 
moisture-impervious metal sheath. 

(2) Other Locations. In other locations, any applicable 
cable permitted in Table 725-154(G) shall be permitted to 
be used. 


(F) Insulators and Bushings. Insulators and bushings for 
conductors shall be listed for use with neon secondary cir¬ 
cuits over 1000 volts. 

(G) Conductors in Raceways. The insulation on all con¬ 
ductors shall extend not less than 65 mm (2Vz in.) beyond 
the metal conduit or tubing. 


(H) Between Neon Tubing and Midpoint Return. Con 

ductors shall be permitted to run between the ends of neo 
tubing or to the secondary circuit midpoint return of listed 
transformers or listed electronic power supplies and pro¬ 
vided with terminals or leads at the midpoint. 

(I) Dwelling Occupancies. Equipment havi 
cuit voltage exceeding 1000 volts shall no’ 
or on dwelling occupancies. 


(J) Length of Secondary Circuj|pcmdui 

(1) Secondary Conductor to the First Eh :trode. The 

length of secondary circuit conductors from a lign-voltage 
terminal or lead of a transformer or electronic lfwer supply 
to the first neon tube electrode shall not excee the follow¬ 
ing: 

(1) 6 m (20 ft) where installed in metal conduit or tubing 


(B) Installation, 

cordance wit] 

(1) SuppcyTWiring 
manner. 





ondary wiring shall be installed in ac- 
and (B)(2). 

be installed in a neat and work- 
s and conductors installed ex- 


the surface of ceilings and sidewalls shall be 
the building structure in such a manner 
able is not be damaged by normal building 
h cables shall be supported by straps, staples, 
ible ties, or similar fittings designed and in- 
d s&Ws not to damage the cable. The installation 
comply with 300.4(D). 

Connections in cable and conductors shall be made 
with listed insulating devices and be accessible after 
installation. Where made in a wall, connections shall be 
enclosed in a listed box. 

(C) Protection Against Physical Damage. Where subject 
to physical damage, the conductors shall be protected and 
installed in accordance with 300.4. 

(D) Grounding and Bonding. Grounding and bonding 
shall be in accordance with 600.7. 


600.41 Neon Tubing. 


(2) 15 m (50 ft) where installed in nonmetallic conduit 

(2) Other Secondary Circuit Conductors. All other sec¬ 
tions of secondary circuit conductor in a neon tube circuit 
shall be as short as practicable. 

(K) Splices. Splices in high-voltage secondary circuit con¬ 
ductors shall be made in listed enclosures rated over 1000 
volts. Splice enclosures shall be accessible after installation 
and listed for the location where they are installed. 

600.33 LED Sign Illumination Systems, Secondary Wir¬ 
ing. The wiring methods and materials shall be installed in 
accordance with the sign manufacturer’s installation in¬ 
structions using any applicable wiring methods from Chap- 


(A) Design. The length and design of the tubing shall not 
cause a continuous overcurrent beyond the design loading 
of the transformer or electronic power supply. 

(B) Support. Tubing shall be supported by listed tube sup¬ 
ports. The neon tubing shall be supported within 150 mm 
(6 in.) from the electrode connection. 

(C) Spacing. A spacing of not less than 6 mm (14 in.) shall 
be maintained between the tubing and the nearest surface, 
other than its support. 

(D) Protection. Field-installed skeleton tubing shall not be 
subject to physical damage. Where the tubing is readily 
accessible to other than qualified persons, field-installed 
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skeleton tubing shall be provided with suitable guards or 
protected by other approved means. 

600.42 Electrode Connections. 

(A) Points of Transition. Where the high-voltage second¬ 
ary circuit conductors emerge from the wiring methods 
specified in 600.32(A), they shall be enclosed in a listed 
assembly. 

(B) Accessibility. Terminals of the electrode shall not be 
accessible to unqualified persons. 

(C) Electrode Connections. Connections shall be made 
by use of a connection device, twisting of the wires to¬ 
gether, or use of an electrode receptacle. Connections shall 
be electrically and mechanically secure and shall be in an 
enclosure listed for the purpose. 

(D) Support. Neon secondary conductor(s) shall be sup¬ 
ported not more than 150 mm (6 in.) from the electrode 
connection to the tubing. 

(E) Receptacles. Electrode receptacles shall be listed. 

(F) Bushings. Where electrodes penetrate an encL 
bushings listed for the purpose shall be used unless 
tacles are provided. 

(G) Wet Locations. A listed cap shall be used to close 
opening between neon tubing and a rapteptacle where tb 
receptacle penetrates a building. WherCa bushing or neo 
tubing penetrates a building, the opening between 
ing and the bushing shall be 


(H) Electrode Enclosu. 

listed. 

(I) Dry Locations. Electrode 
use in dry, damp, or wet locatio: 
installed and used in such location? 



shall be 

*Ehat are listed for 
be permitted to be 


(2) Damp and Wet Locations. Electrode enclosures in¬ 
stalled in damp and wet locations shall be specifically listed 
and identified for use in such locations. 

Informational Note: See 110.3(B) covering installation 
and use of electrical equipment. 


ARTICLE 604 

Manufactured Wiring Systems 


for branch circuits, remote-control circuits, signaling cir¬ 
cuits, and communications circuits in accessible areas. 

604.2 Definition. 

Manufactured Wiring System. A system containing com¬ 
ponent parts that are assembled in the process of manufac¬ 
ture and cannot be inspected at the building site without 
damage or destruction to the assembly and used for the 
connection of luminaires, utilization equipment, continuous 
plug-in type busways, and other devices. 

604.4 Uses Permitted. Manufactured wiring systems shall 
be permitted in accessible and dry locations and in ducts, 
plenums, and other air-handling spaces where listed for this 
application and installed in accordance with 300.22. 

ExceptionjNo. 1: In concealed spaces, one end of tapped 
cable sJmtl, be permitted to extend into hollow walls for 
direcKfermination at switch and outlet points. 

Option No. 2? Manufactured wiring system assemblies 
outdoors' shall be listed for use in outdoor 


Uses Not Permitted. Manufactured wiring system 
t\pes shall not be permitted where limited by the applicable 
ide in Chapter 3 for the wiring method used in its con¬ 
struction. 

604.6 Construction. 


604.1 Scope. The provisions of this article apply to field- 
installed wiring using off-site manufactured subassemblies 


(A) Cable or Conduit Types. 

(1) Cables. Cable shall be one of the following: 

(1) Listed Type AC cable containing nominal 600-volt, 8 to 
12 AWG insulated copper conductors with a bare or 
insulated copper equipment grounding conductor 
equivalent in size to the ungrounded conductor. 

(2) Listed Type MC cable containing nominal 600-volt, 8 
to 12 AWG insulated copper conductors with a bare or 
insulated copper equipment grounding conductor 
equivalent in size to the ungrounded conductor. 

(3) Listed Type MC cable containing nominal 600-volt, 8 
to 12 AWG insulated copper conductors with a ground¬ 
ing conductor and armor assembly listed and identified 
for grounding in accordance with 250.118(10). The 
combined metallic sheath and grounding conductor 
shall have a current-carrying capacity equivalent to that 
of the ungrounded copper conductor. 

Other cables as listed in 725.154, 800.113, 820.113, and 
830.179 shall be permitted in manufactured wiring systems 
for wiring of equipment within the scope of their respective 
articles. 

(2) Conduits. Conduit shall be listed flexible metal conduit 
or listed liquidtight flexible conduit containing nominal 
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600-volt, 8 to 12 AWG insulated copper conductors with a 
bare or insulated copper equipment grounding conductor 
equivalent in size to the ungrounded conductor. 

Exception No. 1 to (1) and (2): A luminaire tap, no longer 
than 1.8 m (6 ft) and intended for connection to a single 
luminaire, shall be permitted to contain conductors smaller 
than 12 AWG but not smaller than 18 AWG. 


(D) Other Component Parts. Other component parts 
shall be listed for the appropriate system. 

604.7 Installation. Manufactured wiring systems shall be 
secured and supported in accordance with the applicable 
cable or conduit article for the cable or conduit type em¬ 
ployed. 


Exception No. 2 to (1) and (2): Listed manufactured wiring 
assemblies containing conductors smaller than 12 AWG 
shall be permitted for remote-control, signaling, or commu¬ 
nication circuits. 

Exception No. 3 to (2): Listed manufactured wiring systems 
containing unlisted flexible metal conduit of noncircular 
cross section or trade sizes smaller than permitted by 
348.20(A), or both, shall be permitted when the wiring sys¬ 
tems are supplied with fittings and conductors at the time of 
manufacture. [ROP 19-114] 

(3) Flexible Cord. Flexible cord suitable for hard usage, 
with minimum 12 AWG conductors, shall be permitted as 
part of a listed factory-made assembly not exceeding 1.8 m 
(6 ft) in length when making a transition between compo¬ 
nents of a manufactured wiring system and utilization 
equipment not permanently secured to the building struc 
ture. The cord shall be visible for the entire length, shall not 
be subject to physical damage, and shall be provided with 
identified strain relief. 

Exception: Listed electric-discharge lumin 
ply with 410.62(C) shall be permitted 
smaller than 12 AWG. 


(4) Busways. Busways shall be listed continuous plug-in 
type containing factory-mounted, bare or insulated conduc¬ 
tors, which shall be copper o^ aluminum ba«, rods, or 
tubes. The busway shall be provided with an equipment 
ground. The busway shall be rated nominalipSD volts, 20, 
30, or 40 amperes. Busways shall be installed in accor¬ 
dance with 368.12, 368.17(D), and 368.30. 

(5) Raceway. Prewired, modular, surface-mounted race¬ 
ways shall be listed for the use, rated nominal 600 volts, 20 
amperes, and installed in accordance with 386.12, 386.30, 
386.60, and 386.100. 


ARTICLE 605 
Office Furnishings 


[ROP 18-125a, §OP 18-129a] 

605.1 Scope. T his article covers electrical equipment, 
lighting accessor ies^lnd wiring systems used to connect, or 
contained Within, or installed on office furnishings. 

Deflnii 

Office Furnishing. Cubicle panels, partitions, study carrels, 
work stations, desks, shelving systems, and storage units 
be mechanically and electrically interconnected to 
Qe furnishing system. 




.3 General. Wiring systems shall be identified as suit- 
for providing power for lighting accessories and utili- 
lon equipment used within office furnishings. A wired 
'partition shall not extend from floor to ceiling. 

Exception: Where permitted by the authority having juris¬ 
diction, these relocatable wired partitions shall be permit¬ 
ted to extend to, but shall not penetrate, the ceiling. 

(A) Use. These assemblies shall be installed and used only 
as provided for by this article. 


(B) Hazardous (Classified) Locations. Where used in 
hazardous (classified) locations, these assemblies shall 
comply with Articles 500 through 517 in addition to this 
article. 


(B) Marking. Each section shall be marked to identify the 
type of cable, flexible cord, or conduit. 

(C) Receptacles and Connectors. Receptacles and con¬ 
nectors shall be of the locking type, uniquely polarized and 
identified for the purpose, and shall be part of a listed 
assembly for the appropriate system. All connector open¬ 
ings shall be designed to prevent inadvertent contact with 
live parts or capped to effectively close the connector open¬ 
ings. 


605.4 Wireways. All conductors and connections shall be 
contained within wiring channels of metal or other material 
identified as suitable for the conditions of use. Wiring chan¬ 
nels shall be free of projections or other conditions that 
might damage conductor insulation. 

605.5 Office Furnishing Interconnections. The electrical 
connection between office furnishings shall be a flexible 
assembly identified for use with office furnishings or shall 
be permitted to be installed using flexible cord, provided all 
the following conditions are met: 
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(1) The cord is extra-hard usage type with 12 AWG or 
larger conductors, with an insulated equipment ground¬ 
ing conductor. 

(2) The office furnishings are mechanically contiguous. 

(3) The cord is not longer than necessary for maximum 
positioning of the office furnishing but is in no case to 
exceed 600 mm (2 ft). 

(4) The cord is terminated at an attachment plug-and-cord 
connector with strain relief. 

605.6 Lighting Accessories. Lighting equipment shall be 
listed and identified for use with office furnishings and shall 
comply with 605.6(A), (B), and (C). 


be permitted to be connected to the building electrical sys¬ 
tem by a single flexible cord and plug, provided all of the 
conditions of 605.9(A) through (D) are met. 

(A) Flexible Power-Supply Cord. The flexible power 
supply cord shall be extra-hard usage type with 12 AWG or 
larger conductors with an insulated equipment grounding 
conductor and shall not exceed 600 mm (2 ft) in length. 

(B) Receptacle Supplying Power. The receptacle(s) sup¬ 
plying power shall be on a separate circuit serving only the 
office furnishing and no other loads and shall be located not 
more than 300 mm (12 in.) from the office furnishing that is 
connected to it. 


(A) Support. A means for secure attachment or support 

shall be provided. 

(B) Connection. Where cord-and-plug connection is pro¬ 
vided it shall comply with all of the following: 

(1) The cord length shall be suitable for the intended ap¬ 
plication but shall not exceed 2.7 m (9 ft) in length. 

(2) The cord shall not be smaller than 18 AWG 

(3) The cord shall contain an equipment grounding con¬ 
ductor, except as specified in (4) 

(4) Cords on the load side of a listed Class 2 power 
are not required to contain an equipment groui 
conductor. 

(5) The cord shall be of the hard us 
specified in (6). 

(6) A cord provided on the load si 
power source shall be of th^vpe 
listed luminaire asseml 
Section 725.130. 

(7) Connection by other 1 
able for the conditions 


(C) Receptacle Outlet. Rcceptal 
in lighting accessories. 




entitled as suit- 


not be permitted 


(C) Receptacle Outlets, Maximum. Individual office fur¬ 
nishing or gproups of interconnected individual office fur¬ 
nishings shall not contain more than thirteen 15-ampere, 
125-volt receptacle outlets. 

Multiwire Circmfs, Not Permitted. Individual office 
furnishings or groups of interconnected office furnishings 
ail not contain multi wire circuits. 


ARTICLE 610 
Cranes and Hoists 


I. General 

610.1 Scope. This article covers the installation of electri¬ 
cal equipment and wiring used in connection with cranes, 
monorail hoists, hoists, and all runways. 

Informational Note: For further information, see ANSI 
B30, Safety Code for Cranes, Derricks, Hoists, Jacks, and 
Slings. 


605.7 Fixed-Type Office Furnishings. Office furnishings 
that are fixed (secured to building surfaces) shall be perma¬ 
nently connected to the building electrical system by one of 
the wiring methods of Chapter 3. 

605.8 Freestanding-Type Office Furnishings. Office fur¬ 
nishings of the freestanding type (not fixed) shall be per¬ 
mitted to be connected to the building electrical system by 
one of the wiring methods of Chapter 3. 


610.2 Definition. 

Festoon Cable. Single- and multiple-conductor cable in¬ 
tended for use and installation in accordance with Article 
610 where flexibility is required. 

Informational Note: Festoon cable consists of one or more 
insulated conductors cabled together with an overall jacket. 

It is rated 60°C (140°F), 75°C (167°F), 90°C (194°F), or 
105°C (221°F) and 600 V. 


605.9 Freestanding-Type Office Furnishings, Cord-and- 
Plug-Connected. Individual office furnishings of the free¬ 
standing type, or groups of individual office furnishings 
that are electrically connected, are mechanically contigu¬ 
ous, and do not exceed 9.0 m (30 ft) when assembled, shall 


610.3 Special Requirements for Particular Locations. 

(A) Hazardous (Classified) Locations. All equipment that 
operates in a hazardous (classified) location shall conform 
to Article 500. 
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(1) Class I Locations. Equipment used in locations that 
are hazardous because of the presence of flammable gases 
or vapors shall conform to Article 501. 

(2) Class II Locations. Equipment used in locations that 
are hazardous because of combustible dust shall conform to 
Article 502. 

(3) Class III Locations. Equipment used in locations that 
are hazardous because of the presence of easily ignitible 
fibers or flyings shall conform to Article 503. 

(B) Combustible Materials. Where a crane, hoist, or 
monorail hoist operates over readily combustible material, 
the resistors shall be located as permitted in the following: 

(1) A well ventilated cabinet composed of noncombustible 
material constructed so that it does not emit flames or 
molten metal 

(2) A cage or cab constructed of noncombustible material 
that encloses the sides of the cage or cab from the floor 
to a point at least 150 mm (6 in.) above the top of the 
resistors 

(C) Electrolytic Cell Lines. See 668.32. 

II. Wiring 

610.11 Wiring Method. Conductors shall be enclosed in 
raceways or be Type AC cable with insulated 
conductor. Type MC cable, or Type MI cable 
wise permitted or required in 610.11(A) tl 

(A) Contact Conductor. Contact conductors 
required to be enclosed in raceway: 



sed trtin- 
ent shall 


(B) Exposed Conductors. S 

ductors at resistors, collectors 
not be required to be enclosed in r: 

(C) Flexible Connections to Motors and Similar Equip¬ 
ment. Where flexible connections are necessary, flexible 
stranded conductors shall be used. Conductors shall be in 
flexible metal conduit, liquidtight flexible metal conduit, 
liquidtight flexible nonmetallic conduit, multiconductor 
cable, or an approved nonmetallic flexible raceway. 

(D) Pushbutton Station Multiconductor Cable. Where 
multiconductor cable is used with a suspended pushbutton 
station, the station shall be supported in some satisfactory 
manner that protects the electrical conductors against strain. 

(E) Flexibility to Moving Parts. Where flexibility is re¬ 
quired for power or control to moving parts, listed festoon 
cable or a cord suitable for the purpose shall be permitted, 
provided the following apply: 

(1) Suitable strain relief and protection from physical dam¬ 
age is provided. 



(2) In Class I, Division 2 locations, the cord is approved 
for extra-hard usage. 

610.12 Raceway or Cable Terminal Fittings. Conductors 
leaving raceways or cables shall comply with either 
610.12(A) or (B). 

(A) Separately Bushed Hole. A box or terminal fitting 
that has a separately bushed hole for each conductor shall 
be used wherever a change is made from a raceway or 
cable to exposed wiring. A fitting used for this purpose 
shall not contain taps or splices and shall not be used at 
luminaire outlets. 

(B) Bushing in Lieu of a Box. A bushing shall be permit¬ 
ted to be used in lieu, of a box at the end of a rigid metal 
conduit, intermediate metal conduit, or electrical metallic 
tubing where the raceway terminates at unenclosed controls 
or similar equipment, including contact conductors, collec¬ 
tors, resisted brakes, power-circuit limit switches, and dc 
split-framemotors. 

if Conductors. Conductors shall comply 
'310.104(A) unless otherwise permitted in 
rough (D). 

osed 10 External Heat or Connected to Resis¬ 
tors. A conductor(s) exposed to external heat or connected 
esistors shall have a flame-resistant outer covering or be 
ivered with flame-resistant tape individually or as a 
•up. 

(B) Contact Conductors. Contact conductors along run¬ 
ways, crane bridges, and monorails shall be permitted to be 
bare and shall be copper, aluminum, steel, or other alloys or 
combinations thereof in the form of hard-drawn wire, tees, 
angles, tee rails, or other stiff shapes. 

(C) Flexibility. Where flexibility is required, listed flexible 
cord or cable, or listed festoon cable, shall be permitted to 
be used and, where necessary, cable reels or take-up de¬ 
vices shall be used. 

(D) Class 1, Class 2, and Class 3 Circuits. Conductors 
for Class 1, Class 2, and Class 3 remote-control, signaling, 
and power-limited circuits, installed in accordance with Ar¬ 
ticle 725, shall be permitted. 

610.14 Rating and Size of Conductors. 

(A) Ampacity. The allowable ampacities of conductors 
shall be as shown in Table 610.14(A). 

Informational Note: For the ampacities of conductors be¬ 
tween controllers and resistors, see 430.23. 
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Table 610.14(A) Ampacities of Insulated Copper Conductors Used with Short-Time Rated Crane and Hoist Motors. Based on 
Ambient Temperature of 30°C (86°F). 


Maximum 

Operating 

Temperature 

Up to Four Simultaneously Energized Conductors in 
Raceway or Cable 1 

Up to Three ac 2 or Four dc 1 
Simultaneously Energized 
Conductors in Raceway 
or Cable 

Maximum 

Operating 

Temperature 

75°C (167°F) 

90°C (194°F) 

125°C (257°F) 

Size (AWG 
or kcmil) 

Types MTW, RHW, THW, 
THWN, XHHW, USE, ZW 

Types TA, TBS, SA, SIS, 
PFA, FEP, FEPB, RHH, 
THHN, XHHW, Z, ZW 

Types FEP, FEPB, PFA, PFAH, 
SA, TFE, Z, ZW 

Size (AWG 
or kcmil) 

60 Min 

30 Min 

60 Min 

30 Min 

60 Min 

30 Min 

16 

10 

12 

_ 

_ 

_ 

_ 

16 

14 

25 

26 

31 

32 

* 38 

40 

14 

12 

30 

33 

36 

40 

f 45 

50 

12 

10 

40 

43 

49 

52 A 

60 

65 

10 

8 

55 

60 

63 

69 A 

^ 73 

80 

8 

6 

76 

86 

83 


104 

119 

6 

5 

85 

95 

95 

M66 

115 

134 

5 

4 

100 

117 

111 

130 

133^ 

157 

4 

3 

120 

141 

131 ^ 

153^ 

153 

183 

3 

2 

137 

160 

148 

... ^ 173 r 

178 

214 

2 

1 

143 

175 

158 

192 

210 

253 

1 

1/0 

190 

233 

I2II 

259 

253 

304 

1/0 

2/0 

222 

267 

245 

fc^294* 

303 

369 

2/0 

3/0 

280 

341 

3051 A 

^^72 

370 

452 

3/0 

4/0 

300 

369 

\ ''If 

399 

451 

555 

4/0 

250 

364 


Y 400 % 

461 

510 

635 

250 

300 

455 

^582 j 

497 Y 

636 

587 

737 

300 

350 

486 

040 


716 

663 

837 

350 

400 

538 

688 

593 

760 

742 

941 

400 

450 

600 A 


660 

836 

818 

1042 

450 

500 

660/ / 

IL5 

t 726 

914 

896 

1143 

500 


AMPACITY CORRECTION FACTORS 


Ambient 

Temperature 

(°C) 

> 

For ambient t< 

imperatives other than 30°C (86°F), multiply the ampacities shown above by 
the appropriate factor shown below. 

Ambient 

Temperature 

(°F) 

21-25 

1.05 

1.05 

1.04 

1.04 

1.02 

1.02 

70-77 

26-30 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

79-86 

31-35 

0.94 

0.94 

0.96 

0.96 

0.97 

0.97 

88-95 

36-40 

0.88 

0.88 

0.91 

0.91 

0.95 

0.95 

97-104 

41-45 

0.82 

0.82 

0.87 

0.87 

0.92 

0.92 

106-113 

46-50 

0.75 

0.75 

0.82 

0.82 

0.89 

0.89 

115-122 

51-55 

0.67 

0.67 

0.76 

0.76 

0.86 

0.86 

124-131 

56-60 

0.58 

0.58 

0.71 

0.71 

0.83 

0.83 

133-140 

61-70 

0.33 

0.33 

0.58 

0.58 

0.76 

0.76 

142-158 

71-80 

— 

— 

0.41 

0.41 

0.69 

0.69 

160-176 

81-90 

— 

— 

— 

— 

0.61 

0.61 

177-194 

91-100 

— 

— 

— 

— 

0.51 

0.51 

195-212 

101-120 

— 

— 

— 

— 

0.40 

0.40 

213-248 


Note: Other insulations shown in Table 310.13(A) and approved for the temperature and location shall be pennitted to be substituted for those 
shown in Table 610.14(A). The allowable ampacities of conductors used with 15-minute motors shall be the 30-minute ratings increased by 
12 percent. 

1 For 5 to 8 simultaneously energized power conductors in raceway or cable, the ampacity of each power conductor shall be reduced to a value of 
80 percent of that shown in this table. 

2 For 4 to 6 simultaneously energized 125°C (257°F) ac power conductors in raceway or cable, the ampacity of each power conductor shall be 
reduced to a value of 80 percent of that shown in this table. 
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(B) Secondary Resistor Conductors. Where the second¬ 
ary resistor is separate from the controller, the minimum 
size of the conductors between controller and resistor shall 
be calculated by multiplying the motor secondary current 
by the appropriate factor from Table 610.14(B) and select¬ 
ing a wire from Table 610.14(A). 

Table 610.14(B) Secondary Conductor Rating Factors 


motor or group of motors, using that column of Table 
610.14(A) that applies to the longest time-rated motor. 

(3) Multiple Cranes or Hoists on a Common Conductor 
System. For multiple cranes, hoists, or both, supplied by a 
common conductor system, calculate the motor minimum 
ampacity for each crane as defined in 610.14(E), add them 
together, and multiply the sum by the appropriate demand 
factor from Table 610.14(E). 


Time in Seconds 


On 


Off 


Ampacity of Wire in 
Percent of Full-Load 
Secondary Current 


Table 610.14(E) Demand Factors 


5 

75 

35 

10 

70 

45 

15 

75 

55 

15 

45 

65 

15 

30 

75 

15 

15 

85 


Continuous Duty 

110 


(C) Minimum Size. Conductors external to motors and 
controls shall be not smaller than 16 AWG unless otherwise 
permitted in (1) or (2): 

(1) 18 AWG wire in multiconductor cord shall be permit 
ted for control circuits not exceeding 7 amperes. 

(2) Wires not smaller than 20 AWG shall be permitted for 
electronic circuits. 

(D) Contact Conductors. Contact wires sh; 
pacity not less than that required by Tabl 
75°C (167°F) wire, and in no case shall 
than as shown in Table 610.14(D). 


Table 610.14(D) Minimum Conti 
Distance Between Supports 


^Conductor Size Based on 


Minimum Size of 
Wire (AWG) 

Maximum Distance Between End 
Strain Insulators %r Clamp-Type 
Intermediate Supports 

6 

9.0 m (30 ft) or less 

4 

18 m (60 ft) or less 

2 

Over 18 m (60 ft) 


Number of 

Cranes or Hoists 

Demand 

Factor 

2 

0.95 

3 * 

0.91 

4 J 

0.87 


0.84 


0.81 

_ 

0.78 



Jl 



s. Additional loads, such as heating, light- 
nditioning, shall be provided for by applica- 
appropriate sections of this Code. 

Nameplate. Each crane, monorail, or hoist shall be 
ided with a visible nameplate marked with the manu- 
irer’s name, rating in volts, frequency, number of 
ases, and circuit amperes as calculated in 610.14(E) and 


610.15 Common Return. Where a crane or hoist is oper¬ 
ated by more than one motor, a common-return conductor 
of proper ampacity shall be permitted. 

III. Contact Conductors 

610.21 Installation of Contact Conductors. Contact con¬ 
ductors shall comply with 610.21(A) through (H). 

(A) Locating or Guarding Contact Conductors. Runway 
contact conductors shall be guarded, and bridge contact 
conductors shall be located or guarded in such a manner 
that persons cannot inadvertently touch energized current- 
carrying parts. 


(E) Calculation of Motor Load. 

(1) Single Motor. For one motor, 100 percent of motor 
nameplate full-load ampere rating shall be used. 

(2) Multiple Motors on Single Crane or Hoist. For mul¬ 
tiple motors on a single crane or hoist, the minimum am¬ 
pacity of the power supply conductors shall be the name¬ 
plate full-load ampere rating of the largest motor or group 
of motors for any single crane motion, plus 50 percent of 
the nameplate full-load ampere rating of the next largest 


(B) Contact Wires. Wires that are used as contact conduc¬ 
tors shall be secured at the ends by means of approved 
strain insulators and shall be mounted on approved insula¬ 
tors so that the extreme limit of displacement of the wire 
does not bring the latter within less than 38 mm (IV 2 in.) 
from the surface wired over. 
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(C) Supports Along Runways. Main contact conductors 
carried along runways shall be supported on insulating sup¬ 
ports placed at intervals not exceeding 6.0 m (20 ft) unless 
otherwise permitted in 610.21(F). 

Such conductors shall be separated at not less than 
150 mm (6 in.), other than for monorail hoists where a 
spacing of not less than 75 mm (3 in.) shall be permitted. 
Where necessary, intervals between insulating supports 
shall be permitted to be increased up to 12 m (40 ft), the 
separation between conductors being increased proportion¬ 
ately. 

(D) Supports on Bridges. Bridge wire contact conductors 
shall be kept at least 65 mm (Vh in.) apart, and, where the 
span exceeds 25 m (80 ft), insulating saddles shall be 
placed at intervals not exceeding 15 m (50 ft). 

(E) Supports for Rigid Conductors. Conductors along 
runways and crane bridges, that are of the rigid type speci¬ 
fied in 610.13(B) and not contained within an approved 
enclosed assembly, shall be earned on insulating supports 
spaced at intervals of not more than 80 times the vertical 
dimension of the conductor, but in no case greater than 4.5 
m (15 ft), and spaced apart sufficiently to give a clear elec¬ 
trical separation of conductors or adjacent collectors of not 
less than 25 mm (1 in.). 

(F) Track as Circuit Conductor. Monorai^ram rai 
crane runway tracks shall be permitted as a conductor of 
current for one phase of a 3-phase, jjwjLsystem ■rnishin; 
power to the carrier, crane, or trolley, provided all of the 
following conditions are met: 

(1) The conductors supplying 1 >ther tw^phases of the 
power supply are ins 

(2) The power for all phf m an insulating 

transformer. 

(3) The voltage does not 

(4) The rail serving as a conductor shall be bonded to the 
equipment grounding conductor at the transformer and 
also shall be permitted to be grounded by the fittings 
used for the suspension or attachment of the rail to a 
building or structure. 

(G) Electrical Continuity of Contact Conductors. All 

sections of contact conductors shall be mechanically joined 
to provide a continuous electrical connection. 




storage of easily ignitible combustible fibers and materials, 
they shall comply with 503.155. 

IV. Disconnecting Means 

610.31 Runway Conductor Disconnecting Means. A dis¬ 
connecting means that has a continuous ampere rating not 
less than that calculated in 610.14(E) and (F) shall be pro¬ 
vided between the runway contact conductors and the 
power supply. Such disconnecting means shall consist of a 
motor-circuit switch, circuit breaker, or molded-case 
switch. This disconnecting means shall be as follows: 

(1) Readily accessible and operable from the ground or 
floor level 

(2) Lockable open in accordance with 110.25 [ROP 
12-1 

(3) 

(4j0?\nccd witfl 



rounded conductors simultaneously 
iew of the runway contact conductors 


jcceptigp: The runway conductor disconnecting means 
■olytic cell lines shall be permitted to be placed out 
w of the runway contact conductors where either of 
owing conditions are met: 


af^Where a location in view of the contact conductors 
is impracticable or introduces additional or increased haz¬ 
ards to persons or property 

(b) In industrial installations, with written safety pro¬ 
cedures, where conditions of maintenance and supervision 
ensure that only qualified persons service the equipment 

[ROP 12-12a] 

610.32 Disconnecting Means for Cranes and Monorail 
Hoists. A disconnecting means in compliance with 430.109 
shall be provided in the leads from the runway contact 
conductors or other power supply on all cranes and mono- 
rail hoists. The disconnecting means shall be lockable open 
in accordance with 110.25. [ROP 12-12b, ROP 12-13] 
Where a monorail hoist or hand-propelled crane bridge 
installation meets all of the following, the disconnecting 
means shall be permitted to be omitted: 

(1) The unit is controlled from the ground or floor level. 

(2) The unit is within view of the power supply discon¬ 
necting means. 


(H) Not to Supply Other Equipment. Contact conductors 
shall not be used as feeders for any equipment other than 
the crane(s) or hoist(s) that they are primarily designed to 
serve. 

610.22 Collectors. Collectors shall be designed so as to 
reduce to a minimum sparking between them and the con¬ 
tact conductor; and, where operated in rooms used for the 


(3) No fixed work platform has been provided for servicing 
the unit. 

Where the disconnecting means is not readily acces¬ 
sible from the crane or monorail hoist operating station, 
means shall be provided at the operating station to open the 
power circuit to all motors of the crane or monorail hoist. 
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ARTICLE 610 —CRANES AND HOISTS 


610.33 Rating of Disconnecting Means. The continuous 
ampere rating of the switch or circuit breaker required by 
610.32 shall not be less than 50 percent of the combined 
short-time ampere rating of the motors or less than 75 per¬ 
cent of the sum of the short-time ampere rating of the 
motors required for any single motion. 

V. Overcurrent Protection 

610.41 Feeders, Runway Conductors. 

(A) Single Feeder. The runway supply conductors and 
main contact conductors of a crane or monorail shall be 
protected by an overcurrent device(s) that shall not be 
greater than the largest rating or setting of any branch- 
circuit protective device plus the sum of the nameplate 
ratings of all the other loads with application of the demand 
factors from Table 610.14(E). 

(B) More Than One Feeder Circuit. Where more than 
one feeder circuit is installed to supply runway conductors, 
each feeder circuit shall be sized and protected in compli¬ 
ance with 610.41(A). 

610.42 Branch-Circuit Short-Circuit and Ground-Fault 
Protection. Branch circuits shall be protected in accor¬ 
dance with 610.42(A). Branch-circuit taps, where made, 
shall comply with 610.42(B). 

(A) Fuse or Circuit Breaker Rating. Cranj 
monorail hoist motor branch circuits shall 
fuses or inverse-time circuit breakers that 
accordance with Table 430.52. Where or 
operate a single motion, the sum o: 
ratings shall be considered as 




(B) Taps. 

(1) Multiple Motors. Where two or'ffiorc motors are con¬ 
nected to the same branch circuit, each tap conductor to an 
individual motor shall have an ampacity not less than one- 
third that of the branch circuit. Each motor shall be pro¬ 
tected from overload according to 610.43. 

(2) Control Circuits. Where taps to control circuits origi¬ 
nate on the load side of a branch-circuit protective device, 
each tap and piece of equipment shall be protected in ac¬ 
cordance with 430.72. 

(3) Brake Coils. Taps without separate overcurrent protec¬ 
tion shall be permitted to brake coils. 

610.43 Overload Protection. 

(A) Motor and Branch-Circuit Overload Protection. 

Each motor, motor controller, and branch-circuit conductor 
shall be protected from overload by one of the following 
means: 


(1) A single motor shall be considered as protected where 
the branch-circuit overcurrent device meets the rating 
requirements of 610.42. 

(2) Overload relay elements in each ungrounded circuit 
conductor, with all relay elements protected from short 
circuit by the branch-circuit protection. 

(3) Thermal sensing devices, sensitive to motor tempera¬ 
ture or to temperature and current, that are thermally in 
contact with the motor winding(s). A hoist or trolley 
shall be considered to be protected if the sensing device 
is connected in the hoist’s upper limit switch circuit so 
as to prevent further hoisting during an overload con¬ 
dition of either motor. 

(B) Manually Controlled Motor. If the motor is manually 
controlled, with spring return controls, the overload protec¬ 
tive device shaJcgrot be required to protect the motor 
against stalled rotor conditions. 

otor. Where two or more motors drive a single 
or bridge and .are controlled as a unit and 
b y^ single set of overload devices with a rating 
p&JRim of their rated full-load currents, a hoist or 
be considered to be protected if the sensing 
ected in the hoist’s upper limit switch circuit 
enf further hoisting during an overtemperature 
either motor. 


) Hoists and Monorail Hoists. Hoists and monorail 
sts and their trolleys that are not used as part of an 
erhead traveling crane shall not require individual motor 
overload protection, provided the largest motor does not 
exceed IVi hp and all motors are under manual control of 
the operator. 


VI. Control 

610.51 Separate Controllers. Each motor shall be pro¬ 
vided with an individual controller unless otherwise permit¬ 
ted in 610.51(A) or (B). 

(A) Motions with More Than One Motor. Where two or 
more motors drive a single hoist, carriage, truck, or bridge, 
they shall be permitted to be controlled by a single control¬ 
ler. 

(B) Multiple Motion Controller. One controller shall be 
permitted to be switched between motors, under the follow¬ 
ing conditions: 

(1) The controller has a horsepower rating that is not lower 
than the horsepower rating of the largest motor. 

(2) Only one motor is operated at one time. 

610.53 Overcurrent Protection. Conductors of control 
circuits shall be protected against overcurrent. Control cir- 
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cuits shall be considered as protected by overcurrent de¬ 
vices that are rated or set at not more than 300 percent of 
the ampacity of the control conductors, unless otherwise 
permitted in 610.53(A) or (B). 

(A) Taps to Control Transformers. Taps to control trans¬ 
formers shall be considered as protected where the second¬ 
ary circuit is protected by a device rated or set at not more 
than 200 percent of the rated secondary current of the trans¬ 
former and not more than 200 percent of the ampacity of 
the control circuit conductors. 

(B) Continuity of Power. Where the opening of the con¬ 
trol circuit would create a hazard, as for example, the con¬ 
trol circuit of a hot metal crane, the control circuit conduc¬ 
tors shall be considered as being properly protected by the 
branch-circuit overcurrent devices. 

610.55 Limit Switch. A limit switch or other device shall 
be provided to prevent the load block from passing the safe 
upper limit of travel of all hoisting mechanisms. 

610.57 Clearance. The dimension of the working space in 
the direction of access to live parts that are likely to 
examination, adjustment, servicing, or maintenance 
energized shall be a minimum of 750 mm (2 Vi ft), 
controls are enclosed in cabinets, the doorfs) shall 
open at least 90 degrees or be removaj 

VII. Grounding 

610.61 Grounding. All 

metal parts of cranes, 
ries, including pendant con 
mechanical connections or 
cable, so that the entire crane 
current path as required or permit^ 

V and VII. 

Moving parts, other than removable accessories, or at¬ 
tachments that have metal-to-metal bearing surfaces, shall 
be considered to be electrically bonded to each other 
through bearing surfaces for grounding purposes. The trol¬ 
ley frame and bridge frame shall not be considered as elec¬ 
trically grounded through the bridge and trolley wheels and 
its respective tracks. A separate bonding conductor shall be 
provided. 



-carrying 
accesso- 
anded either by 
£rs, where appli- 
S is a ground-fault 
by Article 250, Parts 


ARTICLE 620 

Elevators, Dumbwaiters, Escalators, 
Moving Walks, Platform Lifts, and 
Stairway Chairlifts 



I. General 

620.1 Scope. This article covers the installation of electri¬ 
cal equipment and wiring used in connection with eleva¬ 
tors, dumbwaiters, escalators, moving walks, platform lifts, 
and stairway chairlifts. 

Informational Note No. 1: For further information, see 
ASME A17^010/CSA B44-10, Safety Code for Elevators 

and Escala t(Fs. [ROP 12-13a] 

Informational Note No. 2: For further information, see 
CSAB44.1 -11/ASME-A17.5-2011, Elevator and Escalator 
ctrical Equipment Certification Standard. [ROP 

-13a] 

Informational Note No. 3: The term wheelchair lift has 
been x changed to platform lift. For further information, see 
E A18.1-2008, Safety Standard for Platform Lifts and 
1rway Lifts. 

efinitions. 

Informational Note No. 1: The motor controller, motion 
controller, and operation controller are located in a single 
enclosure or a combination of enclosures. [ROP 12-15a] 

Informational Note No. 2: Informational Note Figure 
620.2 is for information only.[ROP 12-15a] 

Control Room (for Elevator, Dumbwaiter). An enclosed 
control space outside the hoistway, intended for full bodily 
entry, that contains the elevator motor controller. The room 
could also contain electrical and/or mechanical equipment 
used directly in connection with the elevator or dumbwaiter 
but not the electric driving machine or the hydraulic ma¬ 
chine. 

Control Space (for Elevator, Dumbwaiter). A space in¬ 
side or outside the hoistway, intended to be accessed with 
or without full bodily entry, that contains the elevator motor 
controller. This space could also contain electrical and/or 
mechanical equipment used directly in connection with the 
elevator or dumbwaiter but not the electrical driving ma¬ 
chine or the hydraulic machine. 

Control System. The overall system governing the start¬ 
ing, stopping, direction of motion, acceleration, speed, and 
retardation of the moving member. 


Controller, Motion. The electrical device(s) for that part of 
the control system that governs the acceleration, speed, re¬ 
tardation, and stopping of the moving member. 
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Motion control 


Door 


I operator 


I Open 
l Close 


l-1 

! Car ! 
and 

l group p 
l operating , 

I_l 

I-1 

I Car I 
l and 
1 group 
1 signal j 
j fixtures 


Operation control 


Car operation 
control 

■ Car assignment 

■ Operating device 
interface 

■ Fixture interface 
• Load weighing 

dispatch 


Position 


Run/stop 


Direction 


Auto/manual 


j Car 

j- operation 
control 


Group operation 
control 

• Hall call 
assignment 

• Operating device 
interface 

• Fixture interface 


Dictation 

control 

■ Stop control 

■ Direction 
■Auto/manual 


Informational Note Figure 620.2 Control System. [ROP 12-1 

Controller, Motor. The operative units of the control sys¬ 
tem comprised of the starter device(s) and power conver¬ 
sion equipment used to drive an electric n»or, or'iithe 
pumping unit used to power hydraulic controrequip 

Controller, Operation. The electrical devices) "'fpi that 
part of the control system that initiates the starting, stop¬ 
ping, and direction of motion in response to a sign3l§K>m 
an operating device. 

Machine Room (for Elevator, Dumbwaiter). An enclosed 
machinery space outside the hoist^y, intended for full 
bodily entry, that contains the electrical drivifig machine or 
the hydraulic machine. The room could also contain elec¬ 
trical and/or mechanical equipment used directly in connec¬ 
tion with the elevator or dumbwaiter. 


Position and 
speed-sensing 
devices 


Dictation 

■ Pattern 
generator 

■ Brake control 

■ Motor field 
control 

■ Load weighing 


Motor controller 


Dictation 


Emergency 


stop 

Status 


Power converter 

• ac motor 
control 

• dc motor 
control 

• Hydraulic 
valve control 


Machine 


power 



Starter 

•Across the line 

• Resistance 

• Wye-delta 



o the outside perimeter or surface of the walls, 
, or floor of the hoistway. 

emote Machinery Space and Control Space (for Eleva- 
r, Dumbwaiter). A machinery space or control space that 
'is not within the hoistway, machine room, or control room 
and that is not attached to the outside perimeter or surface 
of the walls, ceiling, or floor of the hoistway. 

Signal Equipment. Includes audible and visual equipment 
such as chimes, gongs, lights, and displays that convey 
information to the user. [ROP 12-15a] 

620.3 Voltage Limitations. The supply voltage shall not 
exceed 300 volts between conductors unless otherwise per¬ 
mitted in 620.3(A) through (C). 


Machinery Space (for Elevator, Dumbwaiter). A space 
inside or outside the hoistway, intended to be accessed with 
or without full bodily entry, that contains elevator or dumb¬ 
waiter mechanical equipment, and could also contain elec¬ 
trical equipment used directly in connection with the eleva¬ 
tor or dumbwaiter. This space could also contain the 
electrical driving machine or the hydraulic machine. 

Operating Device. The car switch, pushbuttons, key or 
toggle switch(s), or other devices used to activate the op¬ 
eration controller. 

Remote Machine Room and Control Room (for Eleva¬ 
tor, Dumbwaiter). A machine room or control room that is 


(A) Power Circuits. Branch circuits to door operator con¬ 
trollers and door motors and branch circuits and feeders to 
motor controllers, driving machine motors, machine brakes, 
and motor-generator sets shall not have a circuit voltage in 
excess of 1000 volts. Internal voltages of power conversion 
equipment and functionally associated equipment, and the 
operating voltages of wiring interconnecting the equipment, 
shall be permitted to be higher, provided that all such 
equipment and wiring shall be listed for the higher volt¬ 
ages. Where the voltage exceeds 600 volts, warning labels 
or signs that read “DANGER — HIGH VOLTAGE” shall 
be attached to the equipment and shall be plainly visible. 
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The danger sign(s) or label(s) shall comply with 110.21(B). (D) Low Voltage. Uninsulated parts are at a voltage not 

[ROP 12-17, ROP 12-16] greater than 30 volts rms, 42 volts peak, or 60 volts dc. 


(B) Lighting Circuits. Lighting circuits shall comply with 

the requirements of Article 410. II. Conductors 


(C) Heating and Air-Conditioning Circuits. Branch cir¬ 
cuits for heating and air-conditioning equipment located on 
the elevator car shall not have a circuit voltage in excess of 
1000 volts. [ROP 12-17] 

620.4 Live Parts Enclosed. All live parts of electrical ap¬ 
paratus in the hoistways, at the landings, in or on the cars of 
elevators and dumbwaiters, in the wellways or the landings 
of escalators or moving walks, or in the runways and ma¬ 
chinery spaces of platform lifts and stairway chairlifts shall 
be enclosed to protect against accidental contact. 

Informational Note: See 110.28 for guarding of live parts 
(1000 volts, nominal, or less). [ROP 12-18] 

620.5 Working Clearances. Working space shall be pro¬ 
vided about controllers, disconnecting means, and other 
electrical equipment. The minimum working space shall be 
not less than that specified in 110.27(A). 

Where conditions of maintenance and supervision ei 
sure that only qualified persons examine, adjust, 
and maintain the equipment, the clearance requireme 
110.27(A) shall be waived as permitted in 620. 
through (D). 

(A) Flexible Connections to E 

equipment in (A)(1) through (A)(4) 




provided with flexible leads to all exte! 
that it can be repositioned to^neet the.de' 
requirements of 110.27(A4g 

(1) Controllers and disconnecting mean! 
escalators, moving walks, platform 
chairlifts installed in the same sp; 
machine 

(2) Controllers and disconnecting TTieans for elevators in¬ 
stalled in the hoistway or on the car 


t dumbwaiters, 
s, and stairway 
with the driving 


620.11 Insulation of Conductors. The insulation of con¬ 
ductors shall comply with 620.11(A) through (D). 

Informational Note: One method of determining that con¬ 
ductors are flame retardant is by testing the conductors to 
the VW-1 (Vertical-Wire) Flame Test in ANSI/UL 1581- 
2011, Reference Standard for Electrical Wires , Cables, and 
Flexible Cords. [ROP 12-19] 

(A) Hoistway Door Interlock Wiring. The conductors to 
the hoistway door interlocks from the hoistway riser shall 
be flame retardant and suitable for a temperature of not less 
than 200^C (392°F). Conductors shall be Type SF or 
equivalg 

(tyffraveling Cables. Traveling cables used as flexible 
nections between the elevator or dumbwaiter car or 
ounterweight and me raceway shall be of the types of 
levator cable listed in Table 400.4 or other approved types. 

(C) Other Wiring. All conductors in raceways shall have 
flame-retardant insulation. 

onductors shall be Type MTW, TF, TFF, TFN, TFFN, 
, THW, THWN, TW, XHHW, hoistway cable, or any 
other conductor with insulation designated as flame retar¬ 
dant. Shielded conductors shall be permitted if such con¬ 
ductors are insulated for the maximum nominal circuit volt¬ 
age applied to any conductor within the cable or raceway 
system. 

(D) Insulation. All conductors shall have an insulation 
voltage rating equal to at least the maximum nominal cir¬ 
cuit voltage applied to any conductor within the enclosure, 
cable, or raceway. Insulations and outer coverings that are 
marked for limited smoke and are so listed shall be permit¬ 
ted. 


(3) Controllers for door operators 

(4) Other electrical equipment installed in the hoistway or 
on the car 

(B) Guards. Exposed live parts of the electrical equipment 
are suitably guarded, isolated, or insulated, and the equip¬ 
ment can be examined, adjusted, serviced, or maintained 
while energized without removal of this protection. [ROP 
12-18a] 

Informational Note: See definition of Exposed in Article 
100 . 

(C) Examination, Adjusting, and Servicing. Electrical 
equipment is not required to be examined, adjusted, ser¬ 
viced, or maintained while energized. 


620.12 Minimum Size of Conductors. The minimum size 
of conductors, other than conductors that form an integral 
part of control equipment, shall be in accordance with 
620.12(A) and (B). 

(A) Traveling Cables. 

(1) Lighting Circuits. For lighting circuits, 14 AWG cop¬ 
per, 20 AWG copper or larger conductors shall be permitted 
in parallel, provided the ampacity is equivalent to at least 
that of 14 AWG copper. 

(2) Other Circuits. For other circuits, 20 AWG copper. 

(B) Other Wiring. 24 AWG copper. Smaller size listed 
conductors shall be permitted. 
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620.13 Feeder and Branch-Circuit Conductors. Con¬ 
ductors shall have an ampacity in accordance with 
620.13(A) through (D). With generator field control, the 
conductor ampacity shall be based on the nameplate current 
rating of the driving motor of the motor-generator set that 
supplies power to the elevator motor. 

Informational Note No. 1: The heating of conductors de¬ 
pends on root-mean-square current values, which, with 
generator field control, are reflected by the nameplate cur¬ 
rent rating of the motor-generator driving motor rather than 
by the rating of the elevator motor, which represents actual 
but short-time and intermittent full-load current values. 

Informational Note No. 2: See Figure 620.13. 


Common feeder 

Feeder demand factor 

Motor feeder short- 
circuit and ground- 
fault protection 


To supply 

A 


Motor controller 


Motor control circuits 



] 

620.61(A) 

Motor overload 
protection 



620.61(B) 

Motor conductors 

620.13 




Motor 



M 


Thermal protection 
Figure 620.13 Single-Line Diagram. 


Article 430, Part I 
Article 430, Part III 


(A) Conductors Supplying Single Motor. Conductors 
supplying a single motor shall have an ampacity not less 
than the percentage of motor nameplate current determined 
from 430.22(A) and (E). 

Informational Note: Some elevator motor currents, or 
those of similar functions, exceed the nameplate value, but 
because they are inherently intermittent duty and the heat¬ 
ing of the motor and conductors is dependent on the root- 
mean-square (rms) current value, conductors are sized for 


tional Note No. 
r e, No. D10. 



duty cycle service as shown in Table 430.22(E). [ROP 
12-19a] 

(B) Conductors Supplying a Single Motor Controller. 

Conductors supplying a single motor controller shall have 
an ampacity not less than the motor controller nameplate 
current rating, plus all other connected loads. Motor con¬ 
troller nameplate current rating shall be permitted to be 
derived based on the rms value of the motor current using 
an intermittent duty cycle and other control system loads, if 
present. [ROP 12-19a] 

(C) Conductors Supplying a Single Power Transformer. 

Conductors supplying a single power transformer shall 
have an ampacity not less than the nameplate current rating 
of the power transfonner plus all other connected loads. 

Informational Note No. 1: The nameplate current rating of 
a power transformer supplying a motor controller reflects 
the nameplate cu^^tt rating of the motor controller at line 
voltage .(transformer primary). 


See Informative Annex D, Ex- 


ors Supplying More Than One Motor, Mo- 
ler, or Power Transformer. Conductors sup- 
an one motor, motor controller, or power 
snail have an ampacity not less than the sum of 
te current ratings of the equipment plus all 
connected loads. The ampere ratings of motors to be 
in the summation shall be determined from Table 
.22(E), 430.24 and 430.24, Exception No. 1. 

Informational Note: See Informative Annex D, Example 
Nos. D9 and D10. 

620.14 Feeder Demand Factor. Feeder conductors of less 
ampacity than required by 620.13 shall be permitted, sub¬ 
ject to the requirements of Table 620.14. 

[ROP 12-19b] 

Table 620.14 Feeder Demand Factors for Elevators 


Number of Elevators on a 
Single Feeder 

Demand Factor* [ROP 
12-19b] 

1 

1.00 

2 

0.95 

3 

0.90 

4 

0.85 

5 

0.82 

6 

0.79 

7 

0.77 

8 

0.75 

9 

0.73 

10 or more 

0.72 


* Demand factors are based on 50 percent duty cycle (i.e., half time 
on and half time off). [ROP 12-19b] 
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620.15 Motor Controller Rating. The motor controller 
rating shall comply with 430.83. The rating shall be permit¬ 
ted to be less than the nominal rating of the elevator motor, 
when the controller inherently limits the available power to 
the motor and is marked as power limited. 

Informational Note: For controller markings, see 430.8. 


(d) A sump pump or oil recovery pump located in the 
pit shall be permitted to be cord connected. The cord shall 
be a hard usage oil-resistant type, of a length not to exceed 
1.8 m (6 ft), and shall be located to be protected from 
physical damage. 

(2) Cars. 


III. Wiring 

620.21 Wiring Methods. Conductors and optical fibers lo¬ 
cated in hoistways, in escalator and moving walk wellways, 
in platform lifts, stairway chairlift runways, machinery 
spaces, control spaces, in or on cars, in machine rooms and 
control rooms, not including the traveling cables connect¬ 
ing the car or counterweight and hoistway wiring, shall be 
installed in rigid metal conduit, intermediate metal conduit, 
electrical metallic tubing, rigid nonmetallic conduit, or 
wireways, or shall be Type MC, MI, or AC cable unless 
otherwise permitted in 620.21(A) through (C). 

Exception: Listed cord and plug connected equipment. 

[ROP 12-28] 

(A) Elevators. 

(1) Hoistways. 

(a) Cables used in Class 2 power-limited circuits shall 
be permitted to be installed between risers and si 
equipment and operating devices, provided the cables a] 
supported and protected from physical damage and are of 
jacketed and flame-retardant type. 

(b) Flexible cords and cahtoJhat Jjomponents of 
listed equipment and used in circuits operatinjgmt 30 volts 
rms or less or 42 volts d<ror less sHBll be permitted in 
lengths not to exceed 1.8 m (6 ft), provided the cords and 
cables are supported and protected from physical damage 
and are of a jacketed and flame-retardant type. 

(c) The following wiring methods shall be permitted in 
the hoistway in lengths not to exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped to¬ 
gether and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to be 
protected from physical damage and shall be of a 
flame-retardant type and shall be part of the following: 

a. Listed equipment 

b. A driving machine, or 

c. A driving machine brake 

Exception to 620.21(A)(l)(c)(l), (2), and (3): The conduit 
length shall not be required to be limited between risers 
and limit switches, interlocks, operating buttons, and simi¬ 
lar devices. 



(a) Flexible metal conduit, liquidtight flexible metal 
conduit, or liquidtight flexible nonmetallic conduit of met¬ 
ric designator 12 (trade size %), or larger, not exceeding 1.8 
m (6 ft) in length, shall be permitted on cars where so 
located as to be free from oil and if securely fastened in 
place. 

Exception: Liquidtight flexible nonmetallic conduit of met¬ 
ric designatojM2 (trade size Vs), or larger, as defined by 
356.2(2), dmn be permitted in lengths in excess of 1.8 m 
<6 ft). 

Hard-service cords and junior hard-service cords 
conform to the requirements of Article 400 (Table 
all be permitted as flexible connections between 
wiring on the car and devices on the car doors or 
ard-service cords only shall be permitted as flexible 
jctions for the top-of-car operating device or the car- 
light. Devices or luminaires shall be grounded by 
s Of an equipment grounding conductor run with the 
circmt conductors. Cables with smaller conductors and 
other types and thicknesses of insulation and jackets shall 
be permitted as flexible connections between the fixed wir¬ 
ing on the car and devices on the car doors or gates, if listed 
for this use. 

(c) Flexible cords and cables that are components of 
listed equipment and used in circuits operating at 30 volts 
rms or less or 42 volts dc or less shall be permitted in 
lengths not to exceed 1.8 m (6 ft), provided the cords and 
cables are supported and protected from physical damage 
and are of a jacketed and flame-retardant type. 

(d) The following wiring methods shall be permitted 
on the car assembly in lengths not to exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped to¬ 
gether and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to be 
protected from physical damage and shall be of a 
flame-retardant type and shall be part of the following: 

a. Listed equipment 

b. A driving machine, or 

c. A driving machine brake 

(3) Within Machine Rooms, Control Rooms, and Ma¬ 
chinery Spaces and Control Spaces. 
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(a) Flexible metal conduit, liquidtight flexible metal 
conduit, or liquidtight flexible nonmetallic conduit of met¬ 
ric designator 12 (trade size Vs), or larger, not exceeding 1.8 
m (6 ft) in length, shall be permitted between control panels 
and machine motors, machine brakes, motor-generator sets, 
disconnecting means, and pumping unit motors and valves. 

Exception: Liquidtight flexible nonmetallic conduit metric 
designator 12 (trade size Vs) or larger, as defined in 
356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6 ft). 


b. A driving machine, or 

c. A driving machine brake 

(B) Escalators. 

(1) Wiring Methods. Flexible metal conduit, liquidtight 
flexible metal conduit, or liquidtight flexible nonmetallic 
conduit shall be permitted in escalator and moving walk 
wellways. Flexible metal conduit or liquidtight flexible 
conduit of metric designator 12 (trade size Vs) shall be 
permitted in lengths not in excess of 1.8 m (6 ft). 


(b) Where motor-generators, machine motors, or 
pumping unit motors and valves are located adjacent to or 
underneath control equipment and are provided with extra¬ 
length terminal leads not exceeding 1.8 m (6 ft) in length, 
such leads shall be permitted to be extended to connect 
directly to controller terminal studs without regard to the 
carrying-capacity requirements of Articles 430 and 445. 
Auxiliary gutters shall be permitted in machine and control 
rooms between controllers, starters, and similar apparatus. 

(c) Flexible cords and cables that are components of 
listed equipment and used in circuits operating at 30 volts 
rms or less or 42 volts dc or less shall be permitted in 
lengths not to exceed 1.8 m (6 ft), provided the cords and 
cables are supported and protected from physical damage^ 
and are of a jacketed and flame-retardant type. 

(d) On existing or listed equipment, conductag^hall 
also be permitted to be grouped together and taped or 
corded without being installed in a racewqjft^Such cable 
groups shall be supported at intervals no 
(3 ft) and located so as to be protected from 
age. 

(e) Flexible cords and cables,in lengths 
1.8 m (6 ft) that are of a flame-: 
be protected from physical dam; 
these rooms and spaces without 
way. They shall be part of the followin; 

(1) Listed equipment 

(2) A driving machine, or 

(3) A driving machine brake 




to exceed 
ocated to 
itted in 
m a race- 


Exception: Metric designator 12 (trade size Vs), nominal, 
or larger liquidtight flexible nonmetallic conduit, as defined 
in 356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6 ft). 

(2) Class 2 Circuit Cables. Cables used in Class 2 power- 
limited circuits shall be permitted to be installed within 
escalators and moving walkways, provided the cables are 
supported and protected from physical damage and are of a 
jackctgd^ind flame-retardant type. 

rds. Flard-service cords that conform to the 
of Article 400 (Table 400.4) shall be permit- 
e connections on escalators and moving walk 
Is and disconnecting means where the entire 
el and disconnecting means are arranged for 
rn machine spaces as permitted in 620.5. 

UJ) Platform Lifts and Stairway Chairlift Raceways. 

Wiring Methods. Flexible metal conduit or liquidtight 
flexible metal conduit shall be permitted in platform lifts 
and stairway chairlift runways and machinery spaces. Flex¬ 
ible metal conduit or liquidtight flexible conduit of metric 
designator 12 (trade size %) shall be permitted in lengths 
not in excess of 1.8 m (6 ft). 

Exception: Metric designator 12 (trade size Vs) or larger 
liquidtight flexible nonmetallic conduit, as defined in 
356.2(2), shall be permitted to be installed in lengths in 
excess of 1.8 m (6 ft). 


(4) Counterweight. The following wiring methods shall 
be permitted on the counterweight assembly in lengths not 
to exceed 1.8 m (6 ft): 

(1) Flexible metal conduit 

(2) Liquidtight flexible metal conduit 

(3) Liquidtight flexible nonmetallic conduit 

(4) Flexible cords and cables, or conductors grouped to¬ 
gether and taped or corded, shall be permitted to be 
installed without a raceway. They shall be located to be 
protected from physical damage, shall be of a flame- 
retardant type, and shall be part of the following: 

a. Listed equipment 


(2) Class 2 Circuit Cables. Cables used in Class 2 power- 
limited circuits shall be permitted to be installed within 
platform lifts and stairway chairlift runways and machinery 
spaces, provided the cables are supported and protected 
from physical damage and are of a jacketed and flame- 
retardant type. 

(3) Flexible Cords and Cables. Flexible cords and cables 
that are components of listed equipment and used in cir¬ 
cuits operating at 30 volts rms or less or 42 volts dc or less 
shall be permitted in lengths not to exceed 1.8 m (6 ft), 
provided the cords and cables are supported and protected 
from physical damage and are of a jacketed and flame- 
retardant type. 
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620.22 Branch Circuits for Car Lighting, Receptacle(s), 
Ventilation, Heating, and Air-Conditioning. 


Informational Note: See ASME A17.1-2010/CSA B44-10, 
Safety Code for Elevators and Escalators , for illumination 
levels. [ROP 12-13a] 


(A) Car Light Source. A separate branch circuit shall sup¬ 
ply the car lights, receptacle(s), auxiliary lighting power 
source, and ventilation on each elevator car. The overcur¬ 
rent device protecting the branch circuit shall be located in 
the elevator machine room or control room/machinery 
space or control space. 

Required lighting shall not be connected to the load 
side of a ground-fault circuit interrupter. 


620.25 Branch Circuits for Other Utilization 
Equipment. 

(A) Additional Branch Circuits. Additional branch cir¬ 
cuits) shall supply utilization equipment not identified in 
620.22, 620.23, and 620.24. Other utilization equipment 
shall be restricted to that equipment identified in 620.1. 


(B) Air-Conditioning and Heating Source. A separate 
branch circuit shall supply the air-conditioning and heating 
units on each elevator car. The overcurrent device protect¬ 
ing the branch circuit shall be located in the elevator ma¬ 
chine room or control room/machinery space or control 
space. [ROP 12-30a] 

620.23 Branch Circuits for Machine Room or Control 
Room/Machinery Space or Control Space Lighting and 
Receptacle(s). 

(A) Separate Branch Circuit. A separate branch circuit 
shall supply the machine room or control room/maq 
space or control space lighting and receptacle(s). 

Required lighting shall not be connected to the 
side of a ground-fault circuit interrupter. 

(B) Lighting Switch. The machi 
room/machinery space or control 
shall be located at the point of entry. 



volt, single- 
e shall be pro- 
m and machin- 


(C) Duplex Receptacle. 

phase, 15- or 20-ampes 
vided in each machine ro 
ery space or control space. 


Informational Note: See ASME A17.1-2010/CSA B44-10, 
Safety Code for Elevators and Escalators , for illumination 
levels. [ROP 12-13a] 

620.24 Branch Circuit for Hoistway Pit Lighting and 
Receptacle(s). 


(B) Overcurrent Devices. The overcurrent devices pro¬ 
tecting the branch circuit(s) shall be located in the elevator 
machinery room or control room/machinery space or con¬ 
trol space. 


of Conductors 




ireways and Nonmetallic Wireways. 

km of thcTA^-sectional area of the individual con¬ 
dors in a wireway Mtall not be more than 50 percent of 
t cross-sectional area of the wireway. 
deal runs of wireways shall be securely supported at 
intervals not exceeding 4.5 m (15 ft) and shall have not 
more,than one joint between supports. Adjoining wireway 
'shall be securely fastened together to provide a 
'oint. 


620.33 Number of Conductors in Raceways. The sum of 

the cross-sectional area of the individual conductors in 
raceways shall not exceed 40 percent of the interior cross- 
sectional area of the raceway, except as permitted in 620.32 
for wireways. 

620.34 Supports. Supports for cables or raceways in a 
hoistway or in an escalator or moving walk wellway or 
platform lift and stairway chairlift runway shall be securely 
fastened to the guide rail; escalator or moving walk truss; 
or to the hoistway, wellway, or runway construction. 

620.35 Auxiliary Gutters. Auxiliary gutters shall not be 
subject to the restrictions of 366.12(2) covering length or of 
366.22 covering number of conductors. 


(A) Separate Branch Circuit. A separate branch circuit 
shall supply the hoistway pit lighting and receptacle(s). 

Required lighting shall not be connected to the load 
side of a ground-fault circuit interrupter. 

(B) Lighting Switch. The lighting switch shall be so lo¬ 
cated as to be readily accessible from the pit access door. 

(C) Duplex Receptacle. At least one 125-volt, single¬ 
phase, 15- or 20-ampere duplex receptacle shall be pro¬ 
vided in the hoistway pit. 


620.36 Different Systems in One Raceway or Traveling 
Cable. Optical fiber cables and conductors for operating 
devices, operation and motion control, power, signaling, 
fire alarm, lighting, heating, and air-conditioning circuits of 
1000 volts or less shall be permitted to be run in the same 
traveling cable or raceway system if all conductors are in¬ 
sulated for the maximum voltage applied to any conductor 
within the cables or raceway system and if all live parts of 
the equipment are insulated from ground for this maximum 
voltage. Such a traveling cable or raceway shall also be 
permitted to include shielded conductors and/or one or 
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more coaxial cables if such conductors are insulated for the 
maximum voltage applied to any conductor within the 
cable or raceway system. Conductors shall be permitted to 
be covered with suitable shielding for telephone, audio, 
video, or higher frequency communications circuits. [ROP 
12-32] 

620.37 Wiring in Hoistways, Machine Rooms, Control 
Rooms, Machinery Spaces, and Control Spaces. 

(A) Uses Permitted. Only such electrical wiring, race¬ 
ways, and cables used directly in connection with the el¬ 
evator or dumbwaiter, including wiring for signals, for 
communication with the car, for lighting, heating, air con¬ 
ditioning, and ventilating the elevator car, for fire detecting 
systems, for pit sump pumps, and for heating, lighting, and 
ventilating the hoistway, shall be permitted inside the hoist¬ 
way, machine rooms, control rooms, machinery spaces, and 
control spaces. 

(B) Lightning Protection. Bonding of elevator rails (car 
and/or counterweight) to a lightning protection system 
grounding down conductor(s) shall be permitted. The light¬ 
ning protection system grounding down conductor(s) shall 
not be located within the hoistway. Elevator rails or other 
hoistway equipment shall not be used as the grounding 
down conductor for lightning protection systems. 

Informational Note: See 250.106 for bonding 
ments. For further information, see NFPA 780^^K, 
dard for the Installation of Lightning PmtectiorrSystemsJ 

(C) Main Feeders. Main feeders for sup plying power to 
elevators and dumbwaiters shall be installed outside the 
hoistway unless as follows: 

(1) By special permission, feeders for elevators shall be 
permitted within an existing hoistway if no conductors 
are spliced within the hoistway. 

(2) Feeders shall be permitted inside the hoistway for el¬ 
evators with driving machine motors located in the 
hoistway or on the car or counterweight. 

620.38 Electrical Equipment in Garages and Similar 
Occupancies. Electrical equipment and wiring used for el¬ 
evators, dumbwaiters, escalators, moving walks, and plat¬ 
form lifts and stairway chairlifts in garages shall comply 
with the requirements of Article 511. 

Informational Note: Garages used for parking or storage 
and where no repair work is done in accordance with 
511.3(A) are not classified. [ROP 12-32a] 


terweight end where applicable, so as to reduce the strain 
on the individual copper conductors to a minimum. 

Traveling cables shall be supported by one of the fol¬ 
lowing means: 

(1) By their steel supporting member(s) 

(2) By looping the cables around supports for unsupported 
lengths less than 30 m (100 ft) 

(3) By suspending from the supports by a means that au¬ 
tomatically tightens around the cable when tension is 
increased for unsupported lengths up to 60 m (200 ft) 

Unsupported length for the hoistway suspension means 
shall be that length of cable measured from the point of 
suspension in the hoistway to the bottom of the loop, with 
the elevator car located at the bottom landing. Unsupported 
length for the car suspension means shall be that length of 
cable measured from the point of suspension on the car to 
the bottom of the loop, with the elevator car located at the 
top landing. fROP 12-32b] 

lazardous (Classed) Locations. In hazardous 
fed) locations, traveling cables shall be of a type 
|d for hazardous (classified) locations and shall 
with 501.140, 502.140, or 503.140, as applicable. 

ation of and Protection for Cables. Traveling 
rts shall be located so as to reduce to a mini- 
the possibility of damage due to the cables coming in 
contact with the hoistway construction or equipment in the 
fistway. Where necessary, suitable guards shall be pro- 
Jed to protect the cables against damage. 

620.44 Installation of Traveling Cables. Traveling cables 
that are suitably supported and protected from physical 
damage shall be permitted to be run without the use of a 
raceway in either or both of the following: 

(a) When used inside the hoistway, on the elevator car, 
hoistway wall, counterweight, or controllers and machinery 
that are located inside the hoistway, provided the cables are 
in the original sheath. 

(b) From inside the hoistway, to elevator controller 
enclosures and to elevator car and machine room, control 
room, machinery space, and control space connections that 
are located outside the hoistway for a distance not exceed¬ 
ing 1.8 m (6 ft) in length as measured from the first point of 
support on the elevator car or hoistway wall, or counter¬ 
weight where applicable, provided the conductors are 
grouped together and taped or corded, or in the original 
sheath. These traveling cables shall be permitted to be con¬ 
tinued to this equipment. 


V. Traveling Cables 

620.41 Suspension of Traveling Cables. Traveling cables 
shall be suspended at the car and hoistways’ ends, or coun- 


VI. Disconnecting Means and Control 

620.51 Disconnecting Means. A single means for discon¬ 
necting all ungrounded main power supply conductors for 
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each unit shall be provided and be designed so that no pole 
can be operated independently. Where multiple driving ma¬ 
chines are connected to a single elevator, escalator, moving 
walk, or pumping unit, there shall be one disconnecting 
means to disconnect the motor(s) and control valve operat¬ 
ing magnets. 

The disconnecting means for the main power supply 
conductors shall not disconnect the branch circuit required 
in 620.22, 620.23, and 620.24. 

(A) Type. The disconnecting means shall be an enclosed 
externally operable fused motor circuit switch or circuit 
breaker that is lockable open in accordance with 110.25. 
[ROP 12-33] 

The disconnecting means shall be a listed device. 

Informational Note: For additional information, see 
ASME A17.1 -2010/CS A B44-10, Safety Code for Elevators 
and Escalators. [ROP 12-13a] 

Exception No. 1: Where an individual branch circuit sup¬ 
plies a platform lift , the disconnecting means required by 
620.51(C)(4) shall be permitted to comply with 430.109(C). 
This disconnecting means shall be listed and shall be lock- 
able open in accordance with 110.25. [ROP 12-35] 

Exception No. 2: Where an individual branch circ, 
plies a stairway chairlift, the stairway chairlift sh 
permitted to be cord-and-plug-connected, provided it 
plies with 422.16(A) and the cord does not exceed 1. 

(6 ft) in length. 



(B) Operation. No provision shall 
close this disconnecting means .from any other part of the 
premises. If sprinklers are installed indjois^fe^s, machine 
rooms, control rooms, ma«nery spaces, or control spaces, 
the disconnecting means Shall be permitted to automatically 
open the power supply to ihe affected elevator(s) prior to 
the application of water. No yijWision shall be made to 
automatically close this disconnecting means. Power shall 
only be restored by manual means. 



power-supply conductors shall be located within sight of 
the motor controller. The additional switch shall be a listed 
device and shall comply with 620.91(C). [ROP 12-39], 
ROP 12-37] 

[ROP 12-37] 

Driving machines or motion and operation controllers 
not within sight of the disconnecting means shall be pro¬ 
vided with a manually operated switch installed in the con¬ 
trol circuit to prevent starting. The manually operated 
switch(es) shall be installed adjacent to this equipment. 

Where the driving machine of an electric elevator or the 
hydraulic machine of a hydraulic elevator is located in a 
remote machine room or remote machinery space, a single 
means for disconnecting all ungrounded main power- 
supply conductors shall be provided and be lockable open 
in accordance with 110.25. [ROP 12-37] 

(2) On Elevators with Generator Field Control. On el¬ 
evator with generator field control, the disconnecting 

s shall be located within sight of the motor controller 
driving motor, of the motor-generator set. Driving 
motor-generator sets, or motion and operation 
Ers not within sight of the disconnecting means 
e provided with a manually operated switch installed 
in tne control circuit to prevent starting. The manually op- 
erated' switch(es) shall be installed adjacent to this equip- 

here the driving machine or the motor-generator set is 
located in a remote machine room or remote machinery 
space, a single means for disconnecting all ungrounded 
main power-supply conductors shall be provided and be 
lockable open in accordance with 110.25. [ROP 12-40] 

(3) On Escalators and Moving Walks. On escalators and 
moving walks, the disconnecting means shall be installed in 
the space where the controller is located. 

(4) On Platform Lifts and Stairway Chairlifts. On plat¬ 
form lifts and stairway chairlifts, the disconnecting means 
shall be located within sight of the motor controller. 


Informational Note: To reduce hazards associated with 
water on live elevator electrical equipment. 

(C) Location. The disconnecting means shall be located 
where it is readily accessible to qualified persons. 

(1) On Elevators Without Generator Lield Control. On 

elevators without generator field control, the disconnecting 
means shall be located within sight of the motor field con¬ 
troller. Where the motor controller is located in the elevator 
hoistway, the disconnecting means required by 620.51(A) 
shall be located in a machinery space, machine room, con¬ 
trol space, or control room outside the hoistway; and an 
additional, fused or non-fused, enclosed, externally oper¬ 
able motor circuit switch that is lockable open in accor¬ 
dance with 110.25 to disconnect all ungrounded main 


(D) Identification and Signs. Where there is more than 
one driving machine in a machine room, the disconnecting 
means shall be numbered to correspond to the identifying 
number of the driving machine that they control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent pro¬ 
tective device. 

620.52 Power from More Than One Source. 

(A) Single-Car and Multicar Installations. On single-car 
and multicar installations, equipment receiving electrical 
power from more than one source shall be provided with a 
disconnecting means for each source of electrical power. 
The disconnecting means shall be within sight of the equip¬ 
ment served. 
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(B) Warning Sign for Multiple Disconnecting Means. 

Where multiple disconnecting means are used and parts of 
the controllers remain energized from a source other than 
the one disconnected, a warning sign shall be mounted on 
or next to the disconnecting means. The sign shall be 
clearly legible and shall read as follows: 

WARNING 

PARTS OF THE CONTROLLER ARE NOT 
DE-ENERGIZED BY THIS SWITCH. 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 12-41] 

(C) Interconnection Multicar Controllers. Where inter¬ 
connections between controllers are necessary for the op¬ 
eration of the system on multicar installations that remain 
energized from a source other than the one disconnected, a 
warning sign in accordance with 620.52(B) shall be 
mounted on or next to the disconnecting means. 

620.53 Car Light, Receptacle(s), and Ventilation Dis¬ 
connecting Means. Elevators shall have a single means for 
disconnecting all ungrounded car light, receptacle(s), and 
ventilation power-supply conductors for that elevator car. 

The disconnecting means shall be an enclosed exter¬ 
nally operable fused motor circuit switch or circuit breakei 
that is lockable open in accordance with 110.25 and shall 
be located in the machine room or control room for that 
elevator car. Where there is no machine room 
room, the disconnecting means shall be loc. 
chinery space or control space outside the 
readily accessible to only qualified persons 

Disconnecting means shall be numbered to co 
to the identifying number of the/elevator car whi 
source they control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent pro 
tective device. 

Exception: Where a separate branch cilruit supplies car 
lighting, a receptacle(s), and a ventilation motor not ex¬ 
ceeding 2 hp, the disconnecting means required by 620.53 
shall be permitted to comply with 430.109(C). This discon¬ 
necting means shall be listed and shall be lockable open in 
accordance with 110.25. [ROP 12-45, ROP 12-44] 

620.54 Heating and Air-Conditioning Disconnecting 
Means. Elevators shall have a single means for disconnect¬ 
ing all ungrounded car heating and air-conditioning power- 
supply conductors for that elevator car. 

The disconnecting means shall be an enclosed exter¬ 
nally operable fused motor circuit switch or circuit breaker 
that is lockable open in accordance with 110.25 and shall 
be located in the machine room or control room for that 
elevator car. Where there is no machine room or control 
room, the disconnecting means shall be located in a ma¬ 



chinery space or control space outside the hoistway that is 
readily accessible to only qualified persons. [ROP 12-46] 
Where there is equipment for more than one elevator 
car in the machine room, the disconnecting means shall be 
numbered to correspond to the identifying number of the 
elevator car whose heating and air-conditioning source they 
control. 

The disconnecting means shall be provided with a sign 
to identify the location of the supply side overcurrent pro¬ 
tective device. 

620.55 Utilization Equipment Disconnecting Means. 

Each branch circuit for other utilization equipment shall 
have a single means for disconnecting all ungrounded con¬ 
ductors. The disconnecting means shall be lockable open in 
accordance with 110.25. [ROP 12-48] 

Where there is more than one branch circuit for other 
utilization equipment, the disconnecting means shall be 
numbered to^ correspond to the identifying number of the 
equipmenrserved. The disconnecting means shall be pro¬ 
vided with a sign to identify the location of the supply side 
ovfercurrent protecti ve device. 

rent Protection 

current Protection. Overcurrent protection 
provided in accordance with 620.61(A) through 


Operating Devices and Control and Signaling Cir¬ 
cuits. Operating devices and control and signaling circuits 
shall be protected against overcurrent in accordance with 
the requirements of 725.43 and 725.45. 

Class 2 power-limited circuits shall be protected against 
overcurrent in accordance with the requirements of Chapter 
9, Notes to Tables 11(A) and 11(B). 

(B) Overload Protection for Motors. Motor and branch- 
circuit overload protection shall conform to Article 430, 
Part III, and (B)(1) through (B)(4). 

(1) Duty Rating on Elevator, Dumbwaiter, and Motor- 
Generator Sets Driving Motors. Duty on elevator and 
dumbwaiter driving machine motors and driving motors of 
motor-generators used with generator field control shall be 
rated as intermittent. Such motors shall be permitted to be 
protected against overload in accordance with 430.33. 

(2) Duty Rating on Escalator Motors. Duty on escalator 
and moving walk driving machine motors shall be rated as 
continuous. Such motors shall be protected against over¬ 
load in accordance with 430.32. 

(3) Overload Protection. Escalator and moving walk driv¬ 
ing machine motors and driving motors of motor-generator 
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sets shall be protected against running overload as provided 
in Table 430.37. 

(4) Duty Rating and Overload Protection on Platform 
Lift and Stairway Chairlift Motors. Duty on platform lift 
and stairway chairlift driving machine motors shall be rated 
as intermittent. Such motors shall be permitted to be pro¬ 
tected against overload in accordance with 430.33. 


(B) Driving Machines. Elevators with driving machines 
located on the car, on the counterweight, or in the hoistway, 
and driving machines for dumbwaiters, platform lifts, and 
stairway lifts, shall be permitted outside the spaces herein 
specified. 

IX. Grounding 


Informational Note: For further information, see 430.44 
for orderly shutdown. 

(C) Motor Feeder Short-Circuit and Ground-Fault Pro¬ 
tection. Motor feeder short-circuit and ground-fault protec¬ 
tion shall be as required in Article 430, Part V. 

(D) Motor Branch-Circuit Short-Circuit and Ground- 
Fault Protection. Motor branch-circuit short-circuit and 
ground-fault protection shall be as required in Article 430, 
Part IV. 

620.62 Selective Coordination. Where more than one 
driving machine disconnecting means is supplied by a 
single feeder, the overcurrent protective devices in each 
disconnecting means shall be selectively coordinatec^^ith 
any other supply side overcurrent protective devices" 

Selective Coordination shall be selected by a licqp^ed 
professional engineer or other qualified persons eng; 
primarily in the design, installation, or maintenance of eli 
trical systems. The selection shall be documented tpd mai 
available to those authorized to design, install, inspect, 
maintain, and operate the system. [ROP 12— i 



VIII. Machine Rooms 
Spaces, and Coni 



lerv 


620.71 Guarding Equipment. Elevator, dumbwaiter, es¬ 
calator, and moving walk drivingr machines; motor- 
generator sets; motor controllers; and disconnecting means 
shall be installed in a room or space set aside for that 
purpose unless otherwise permitted in 620.71(A) or (B). 
The room or space shall be secured against unauthorized 
access. 


620.81 Metal Raceways Attached to Cars. Metal race¬ 
ways, Type MC cable, Type MI cable, or Type AC cable 
attached to elevator cars shall be bonded to metal parts of 
the car that are bonded to the equipment grounding conduc¬ 
tor. 

620.82 Electric Elevators. For electric elevators, the 
frames of all motors, elevator machines, controllers, and 
the metal^Jclosures for all electrical equipment in or on 
the car or in the hoistway shall be bonded in accordance 
with Article 250M > arts V and VII. 

Nonelectric Elevators. For elevators other than 
ving any electrical conductors attached to the car, 
frame of the car, where normally accessible to 
shall be bonded in accordance with Article 250, 
and VII. 

Escalators, Moving Walks, Platform Lifts, and 
Stairway Chairlifts. Escalators, moving walks, platform 
lifts, and stairway chairlifts shall comply with Article 250. 

620.85 Ground-Fault Circuit-Interrupter Protection for 
Personnel. Each 125-volt, single-phase, 15- and 20-ampere 
receptacle installed in pits, in hoistways, on elevator car 
tops, and in escalator and moving walk wellways shall be 
of the ground-fault circuit-interrupter type. 

All 125-volt, single-phase, 15- and 20-ampere recep¬ 
tacles installed in machine rooms and machinery spaces 
shall have ground-fault circuit-interrupter protection for 
personnel. 

A single receptacle supplying a permanently installed 
sump pump shall not require ground-fault circuit- 
interrupter protection. 


(A) Motor Controllers. Motor controllers shall be permit¬ 
ted outside the spaces herein specified, provided they are in 
enclosures with doors or removable panels that are capable 
of being locked in the closed position and the disconnecting 
means is located adjacent to or is an integral part of the 
motor controller. Motor controller enclosures for escalator 
or moving walks shall be permitted in the balustrade on the 
side located away from the moving steps or moving tread- 
way. If the disconnecting means is an integral part of the 
motor controller, it shall be operable without opening the 
enclosure. 


X. Emergency and Standby Power Systems 

620.91 Emergency and Standby Power Systems. An el¬ 
evators) shall be permitted to be powered by an emergency 
or standby power system. 

Informational Note: See ASME A17.1-2010/CSA B44-10, 
Safety Code for Elevators and Escalators , 2.27.2, for addi¬ 
tional information. [ROP 12-13a] 

(A) Regenerative Power. For elevator systems that regen¬ 
erate power back into the power source that is unable to 
absorb the regenerative power under overhauling elevator 
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load conditions, a means shall be provided to absorb this 
power. 

(B) Other Building Loads. Other building loads, such as 
power and lighting, shall be permitted as the energy absorp¬ 
tion means required in 620.91(A), provided that such loads 
are automatically connected to the emergency or standby 
power system operating the elevators and are large enough 
to absorb the elevator regenerative power. 

(C) Disconnecting Means. The disconnecting means re¬ 
quired by 620.51 shall disconnect the elevator from both 
the emergency or standby power system and the normal 
power system. 

Where an additional power source is connected to the 
load side of the disconnecting means, which allows auto¬ 
matic movement of the car to permit evacuation of passen¬ 
gers, the disconnecting means required in 620.51 shall be 
provided with an auxiliary contact that is positively opened 
mechanically, and the opening shall not be solely depen¬ 
dent on springs. This contact shall cause the additional 
power source to be disconnected from its load when the 
disconnecting means is in the open position. 


ARTICLE 625 
Electric Vehicle Charging Syst 


[ROP12-52] 

I. General 

625.1 Scope. The provisions 
trical conductors and equipment e 
hide that connect an electric vehicle 
ity by conductive or inductive means. 


■ the elec- 
lectric ve- 
of electric- 
installation of 


equipment and devices related to electric vehicle charging. 


Informational Note No. 1: For industrial trucks, see 
NFPA 505-2011, Fire Safety Standard for Powered Indus¬ 
trial Trucks Including Type Designations, Areas of Use, 
Conversions, Maintenance, and Operation. 


current from a rechargeable storage battery, fuel cell, pho¬ 
tovoltaic array, or other source of electric current. Plug-in 
hybrid electric vehicles (PHEV) are considered electric ve¬ 
hicles. For the purpose of this article, off-road, self- 
propelled electric vehicles, such as industrial trucks, hoists, 
lifts, transports, golf carts, airline ground support equip¬ 
ment, tractors, boats, and the like, are not included. 

Electric Vehicle Connector. A device that, when electri¬ 
cally coupled to (conductive or inductive) an electric ve¬ 
hicle inlet, establishes an electrical connection to the elec¬ 
tric vehicle for the purpose of power transfer and 
information exchange. This device is part of the electric 
vehicle coupler. 


Informational Note 
for interactive 

Electric Veh 

and electric 




For further information, see 625.48 


pier. A mating electric vehicle inlet 
ector set. 


ehicle Inlet. The device on the electric vehicle 
electric vehicle connector is electrically 
ctive or inductive) for power transfer and 
exchange. This device is part of the electric 
er. For the purposes of this Code, the electric 
onsidered to be part of the electric vehicle 
f the electric vehicle supply equipment. 

Informational Note: For further information, see 625.48 
for interactive systems. 

ectric Vehicle Storage Battery. A battery, comprised of 
one or more rechargeable electrochemical cells, that has no 
provision for the release of excessive gas pressure during 
normal charging and operation, or for the addition of water 
or electrolyte, or for external measurements of electrolyte 
specific gravity. 

Electric Vehicle Supply Equipment. The conductors, in¬ 
cluding the ungrounded, grounded, and equipment ground¬ 
ing conductors and the electric vehicle connectors, attach¬ 
ment plugs, and all other fittings, devices, power outlets, or 
apparatus installed specifically for the purpose of transfer¬ 
ring energy between the premises wiring and the electric 
vehicle. 


Informational Note No. 2: UL 2594-2011, Standard for 
Electric Vehicle Supply Equipment, is a safety standard for 
Electric Vehicle Supply Equipment. UL 2202-2009, Stan¬ 
dard for Electric Vehicle Charging System Equipment, is a 
safety standard for Electric Vehicle Charging Equipment. 

625.2 Definitions. 


Informational Note No. 1: For further information, see 
625.48 for interactive systems. 

Informational Note No. 2: Within this article, the terms 
Electric Vehicle Supply Equipment and Electric Vehicle 
Charging System Equipment are considered to be 
equivalent. 


Electric Vehicle. An automotive-type vehicle for on-road 
use, such as passenger automobiles, buses, trucks, vans, 
neighborhood electric vehicles, electric motorcycles, and 
the like, primarily powered by an electric motor that draws 


Output Cable to the Electric Vehicle. An assembly con¬ 
sisting of a length of flexible EV cable and an Electric 
Vehicle Connector (supplying power to the electric ve¬ 
hicle). 
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625.17 


Personnel Protection System. A system of personnel pro¬ 
tection devices and constructional features that when used 
together provide protection against electric shock of per¬ 
sonnel. 


(F) Grounding Pole Requirements. If a grounding pole is 
provided, the electric vehicle coupler shall be so designed 
that the grounding pole connection is the first to make and 
the last to break contact. 


Plug-In Hybrid Electric Vehicle (PHEV). A type of elec¬ 
tric vehicle intended for on-road use with the ability to 
store and use off-vehicle electrical energy in the recharge¬ 
able energy storage system, and having a second source of 
motive power. 

Power Supply Cord. An assembly consisting of an attach¬ 
ment plug cap and length of flexible cord that connects the 
equipment (EVSE) to a receptacle. 


625.14 Rating. Electric vehicle supply equipment shall 
have sufficient rating to supply the load served. Electric 
vehicle charging loads shall be considered to be continuous 
loads for the purposes of this article. Where an automatic 
load management system is used, the maximum electric 
vehicle supply equipment load on a service and feeder shall 
be the maximum load permitted by the automatic load man¬ 
agement system. 


Rechargeable Energy Storage System. Any power source 
that has the capability to be charged and discharged. 

Informational Note: Batteries, capacitors, and electrome¬ 
chanical flywheels are examples of rechargeable energy 
storage systems. 

625.4 Voltages. Unless other voltages are specified, the 
nominal ac system voltages of 120, 120/240, 208Y/120, 
240, 480Y/277, 480, 600Y/347, and 600 volts and DC sys¬ 
tem voltages of up to 600 volts shall be used to supply 
equipment covered by this article. 

625.5 Listed. All electrical materials, devices, fittings 
associated equipment shall be listed. 


II. Equipment Construction 

625.10 Electric Vehicle Coupler. The 

pier shall comply with 625.1 

(A) Polarization. The e 

larized unless part of li: 
ment. 



all be po- 
supply equip- 


(B) Noninterchangeability. The it^FFic vehicle coupler 
shall have a configuration that is non interchangeable with 
wiring devices in other electrical systems. Nongrounding- 
type electric vehicle couplers shall not be interchangeable 
with grounding-type electric vehicle couplers. 


625.15 Markings. The electric vehicle supply equipment 
shall comply with 625.15(A) through (C). 

(A) General., All electric vehicle supply equipment shall 
be marked by the manufacturer as follows: 

R USE WITH ELECTRIC VEHICLES 

ilation Not Required. Where marking is required 
9(C), the electric vehicle supply equipment shall 
marked by the manufacturer as follows: 
NTILATION NOT REQUIRED 

arking shall be located so as to be clearly visible 
installation. 

(C) Ventilation Required. Where marking is required by 
625.52(B), the electric vehicle supply equipment shall be 
clearly marked by the manufacturer, “Ventilation Re¬ 
quired.” The marking shall be located so as to be clearly 
visible after installation. 

625.16 Means of Coupling. The means of coupling to the 
electric vehicle shall be either conductive or inductive. At¬ 
tachment plugs, electric vehicle connectors, and electric ve¬ 
hicle inlets shall be listed or labeled for the purpose. 

625.17 Cords and Cables. 

(A) Power Supply Cord. The cable for cord-connected 
equipment shall comply with all of the following: 


(C) Construction and Installation. The electric vehicle 
coupler shall be constructed and installed so as to guard 
against inadvertent contact by persons with parts made live 
from the electric vehicle supply equipment or the electric 
vehicle battery. 


(1) Be any of the types specified in (B)(1) or Hard Service 
Cord, Junior Hard Service Cord and Portable Power 
Cable types in accordance with Table 400.4. Hard Ser¬ 
vice Cord, Junior Hard Service Cord and Portable 
Power Cable types shall be listed, as applicable, for 
exposure to oil and damp and wet locations. 


(D) Unintentional Disconnection. The electric vehicle 
coupler shall be provided with a positive means to prevent 
unintentional disconnection. 

(E) Grounding Pole. The electric vehicle coupler shall be 
provided with a grounding pole, unless provided as part of 
listed isolated electric vehicle supply equipment system. 


Exception: A power supply cord that is listed as a part of 
the electric vehicle supply equipment. 

(2) Have an ampacity as specified in Table 400.5(A)(1) or, 
for 8 AWG and larger, in the 60 C columns of Table 
400.5(A)(2). 

(3) Have an overall length as specified in (a) or (b): 
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a. When the interrupting device of the personnel pro¬ 
tection system specified in 625.22 is located within 
the enclosure of the supply equipment or charging 
system, the power supply cord shall be no more 
than 300 mm (12 in.) long, 

b. When the interrupting device of the personnel pro¬ 
tection system specified in 625.22 is located at the 
attachment plug, or within the first 300 mm (12 in.) 
of the power supply cord, the overall cord length 
shall be a minimum of 1.8 m (6 ft) and shall be no 
greater than 4.6 m (15 ft). 


bination of the equipment shall be provided with an auto¬ 
matic means to de-energize the cable conductors and 
electric vehicle connector upon exposure to strain that 
could result in either cable rupture or separation of the 
cable from the electric connector and exposure of live parts. 
Automatic means to de-energize the cable conductors and 
electric vehicle connector shall not be required for portable 
cord-and-plug-connected electric vehicle supply equipment 
intended for connection to receptacle outlets rated at 125 
volts, single phase, 15 and 20 amperes. An interlock shall 
not be required for DC supplies less than 50V DC. 


(B) Output Cable to the Electric Vehicle. The output 
cable to the electric vehicle shall comply with all of the 
following: 

(1) Be Type EV, EVJ, EVE, EVJE, EVT, or EVJT flexible 
cable as specified in Table 400.4. 

(2) Have an ampacity as specified in Table 400.5(A)(1) or, 
for 8 AWG and larger, in the 60 C columns of Table 
400.5(A)(2). 

Exception: An output cable to the electric vehicle that is 
listed as a part of the electric vehicle supply equipment. 

Informational Note: Listed electric vehicle supply equip¬ 
ment may incorporate output cables having ampacities 
greater than 60°C based on the permissible temperature 
limits for the components and the cable. 

(C) Overall Cord and Cable Length. The overall usea 
length shall not exceed 7.5 m (25 ft) unless equipped 
a cable management system that is part of listed the elec 
vehicle supply equipment. 

(1) Where the electric vehicle supnly equ i pmenf^kcharg- 
ing system is not fixed in plac"the cor'd exposed use- 
able length shall be measured from the face of the 
attachment plug to the face of the electric vehicle con¬ 
nector. 

(2) Where the electric vehicle supply equipment or charg¬ 
ing system is fixed in place, the useable length of the 
output cable shall be measured from the cable exit of 
the electric vehicle supply equipment or charging sys¬ 
tem to the face of the electric vehicle connector. 

625.18 Interlock. Electric vehicle supply equipment shall 
be provided with an interlock that de-energizes the electric 
vehicle connector whenever the electrical connector is un¬ 
coupled from the electric vehicle. An interlock shall not be 
required for portable cord-and-plug-connected electric ve¬ 
hicle supply equipment intended for connection to recep¬ 
tacle outlets rated at 125 volts, single phase, 15 and 20 
amperes. An interlock shall not be required for DC supplies 
less than 50V DC. 

625.19 Automatic De-Energization of Cable. The elec¬ 
tric vehicle supply equipment or the cable-connector com- 


625.22 Personnel Protection System. The electric vehicle 
supply equipment shall have a listed system of protection 
against electric shock of personnel. Where cord-and-plug- 
connected electric vehicle supply equipment is used, the 
interrupting device of a listed personnel protection system 
shall be proved and shall be an integral part of the attach¬ 
ment plus^imshall be located in the power supply cord not 
more thin) 300 mm (12 in.) from the attachment plug. 


III. 



625.40 Overcurrent Protection. Overcurrent protection 
Dr feeders and branch circuits supplying electric vehicle 
supply equipment shall be sized for continuous duty and 
have a rating of not less than 125 percent of the 
’laximum load of the electric vehicle supply equipment, 
rere noncontinuous loads are supplied from the same 
eder or branch circuit, the overcurrent device shall have a 
rating of not less than the sum of the noncontinuous loads 
plus 125 percent of the continuous loads. 

625.42 Disconnecting Means. For electric vehicle supply 
equipment rated more than 60 amperes or more than 150 
volts to ground, the disconnecting means shall be provided 
and installed in a readily accessible location. The discon¬ 
necting means shall be lockable open in accordance with 
110.25. [ROP 12-72] 

625.44 Electric Vehicle Supply Equipment Connection. 

Electric vehicle supply equipment shall be permitted to be 
cord and plug connected to the premises wiring system in 
accordance with one of the following: 

(A) Connections to 125-Volt, Single Phase, 15 and 20 
Ampere Receptacle Outlets. Electric vehicle supply 
equipment intended for connection to receptacle outlets 
rated at 125 volts, single phase, 15 and 20 amperes or from 
a supply of less than 50V DC. 

(B) Connections to Other Receptacle Outlets. Electric 
vehicle supply equipment that is rated 250 volts maximum 
and complies with all of the following: 
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625.52 


(1) It is part of a listed system meeting the requirements of 
625.18, 625.19, 625.50 and 625.52. 

(2) It is intended for connection to receptacle outlets rated 
no more than 50 amperes. 

(3) EVSE fastened in place to facilitate any of the follow¬ 
ing: 

a. Ready removal for interchange 

b. Facilitate maintenance and repair 

c. Repositioning of Portable, movable, or EVSE fas¬ 
tened in place 

(4) Power supply cord length for electric vehicle supply 
equipment fastened in place is limited to 6 ft (1.8 m). 

(5) Receptacles are located to avoid physical damage to the 
flexible cord. 

All other electric vehicle supply equipment shall be per¬ 
manently connected to the premises wiring system. The 
electric vehicle supply equipment shall have no exposed 
live parts. 

625.46 Loss of Primary Source. Means shall be provided 
such that, upon loss of voltage from the utility or other 
electrical system(s), energy cannot be back fed through the 
electric vehicle and the supply equipment to the premises 
wiring system unless permitted by 625.48. 


625.48 Interactive Systems. Electric 
equipment and other parts of a system, 
off-board the vehicle, that are intendedjto 
to a vehicle and also serve as an optii 
an electric power production source 
directional power feed 
able for that purpose, 
system, the requireme 
when used as an electric 
quirements of Article 705 




hall apply, and 
source, the re- 


625.50 Location. The electric vemcle supply equipment 
shall be located for direct electrical coupling of the EV 
connector (conductive or inductive) to the electric vehicle. 
Unless specifically listed and marked for the location, the 
coupling means of the electric vehicle supply equipment 
shall be stored or located at a height of not less than 
450 mm (18 in.) above the floor level for indoor locations 
and 600 mm (24 in.) above the grade level for outdoor 
locations. 

625.52 Ventilation. The ventilation requirement for charg¬ 
ing an electric vehicle in an indoor enclosed space shall be 
determined by one of the following: 

(A) Ventilation Not Required. Where electric vehicle 
storage batteries are used or where the electric vehicle sup¬ 
ply equipment is listed for charging electric vehicles in¬ 


doors without ventilation and marked in accordance with 
625.15(B), mechanical ventilation shall not be required. 

(B) Ventilation Required. Where the electric vehicle sup¬ 
ply equipment is listed for charging electric vehicles that 
require ventilation for indoor charging, and is marked in 
accordance with 625.15(C), mechanical ventilation, such as 
a fan, shall be provided. The ventilation shall include both 
supply and exhaust equipment and shall be permanently 
installed and located to intake from, and vent directly to, 
the outdoors. Positive pressure ventilation systems shall be 
permitted only in vehicle charging buildings or areas that 
have been specifically designed and approved for that ap¬ 
plication. Mechanical ventilation requirements shall be de¬ 
termined by one of the methods specified in 625.52(B)(1) 
through (B)(^ 

(1) Table Values. For supply voltages and currents speci¬ 
fied in 625.52(B)(1) or Table 625.52(B)(2), the mini¬ 
mum ventilation requirements shall be as specified in Table 
.52(B)(1) or Table 625.52(B)(2) for each of the total 
umberjdf electric vehicles that can be charged at one time. 

er Values. For supply voltages and currents other 
specified in Table 625.52(B)(1) or Table 625.52(B)(2), 
jmum ventilation requirements shall be calculated 
of the following general formulas, as applicable: 
ngle phase alternating current or direct current : Ven¬ 


tilation s i n gi e phase alternating current or direct current 

meters per minute (m 3 /min) 


in cubic 


(volts) (amperes) 


1718 


Ventilation 


single phase alternating current or direct current 111 

cubic feet per minute (cfm) = 

(volts) (amperes) 

48/7 

(2) Three phase alternating current: Ventilation three phase in 
cubic meters per minute (m 3 /min) = 

1.732 (volts) (amperes) 

1718 


Ventilation, 


three phase 


in cubic feet per minute (cfm) = 


1.732 (volts) (amperes) 


48.7 


(3) Engineered Systems. For an electric vehicle supply 
equipment ventilation system designed by a person quali¬ 
fied to perform such calculations as an integral part of a 
building’s total ventilation system, the minimum ventilation 
requirements shall be permitted to be determined in accor¬ 
dance with calculations specified in the engineering study. 
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Table 625.52(B)(2) Minimum Ventilation Required in Cubic Feet per Minute (cfm) for Each of the Total Number of Electric 
Vehicles That Can Be Charged at One Time 


Branch-Circuit Voltage 


Branch- 

Circuit 

Ampere 

Rating 



Single Phase 




3 Phase 


DC Less 
Than 50V 

120 V 

208 V 

240 V or 
120/240 V 

208 V or 
208Y/120 

V 

240 V 

480 V or 
480Y/277 V 

600 V or 
600Y/347 V 

15 

15.4 

37 

64 

74 

_ 

_ 

_ 

_ 

20 

20.4 

49 

85 

99 

148 

171 

342 

427 

30 

30.8 

74 

128 

148 

222 

256 

512 

641 

40 

41.3 

99 

171 

197 

296 

342 

683 

854 

50 

51.3 

123 

214 

246 

370 

427 

854 

1066 

60 

61.7 

148 

256 

296 

444 

512 

1025 

1281 

100 

102.5 

246 

427 

493 

740 

^854 

1708 

2135 

150 


— 

— 

— 

1110 

A li81 

2562 

3203 

200 


— 

— 

— 

1480 A 

Pi 708 

3416 

4270 

250 


— 

— 

— 

1850 ^ 

^.2135 

4270 

5338 

300 


— 

— 

— 

22^1 

N 2562 

5125 

6406 

350 


— 

— 

— 

2591 


5979 

7473 

400 


— 

— 

— 

JE961 

3416 

6832 

8541 




e. Electric vehicle supply equipment supplied 
50V DC shall be marked in accordance with 
,1 be switched, and the mechanical ventila- 
all be electrically interlocked through the 
ily power to the electric vehicle supply equip- 


(4) Supply Circuits. The supply circuit to the mechanical 
ventilation equipment shall be electrically interlocked with 
the electric vehicle supply equipment and shall remain en¬ 
ergized during the entire electric vehicle charging cycle. 
Electric vehicle supply equipment shall be mark ed in ac¬ 
cordance with 625.15. Electric vehicle supply^ equipment 
receptacles rated at 125 volts, single phase 
peres shall be marked in accordance with 
be switched, and the mechanical ventilation 
electrically interlocked through the 


Table 625.52(B)(1) Minimum VAUation Required in Cubic Meters per Minute (m 3 /min) for Each of the Total Number of 
Electric Vehicles That Can Be Charged at One fie 


Branch-Circuit Voltage 


Branch- 

Circuit 

Ampere 

Rating 



▼ 

Single Phase 




3 Phase 


DC Less 
Than 50 V 

120 V 

208 V 

240 V or 
120/240 V 

208 V or 
208Y/120 

V 

240 V 

480 V or 
480Y/277 V 

600 V or 
600Y/347 V 

15 

0.5 

1.1 

1.8 

2.1 

_ 

_ 

_ 

_ 

20 

0.6 

1.4 

2.4 

2.8 

4.2 

4.8 

9.7 

12 

30 

0.9 

2.1 

3.6 

4.2 

6.3 

7.2 

15 

18 

40 

1.2 

2.8 

4.8 

5.6 

8.4 

9.7 

19 

24 

50 

1.5 

3.5 

6.1 

7.0 

10 

12 

24 

30 

60 

1.8 

4.2 

7.3 

8.4 

13 

15 

29 

36 

100 

2.9 

7.0 

12 

14 

21 

24 

48 

60 

150 


— 

— 

— 

31 

36 

73 

91 

200 


— 

— 

— 

42 

48 

97 

120 

250 


— 

— 

— 

52 

60 

120 

150 

300 


— 

— 

— 

63 

73 

145 

180 

350 


— 

— 

— 

73 

85 

170 

210 

400 


— 

— 

— 

84 

97 

195 

240 
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626.4 


ARTICLE 626 

Electrified Truck Parking Spaces 


I. General 

626.1 Scope. The provisions of this article cover the elec¬ 
trical conductors and equipment external to the truck or 
transport refrigerated unit that connect trucks or transport 
refrigerated units to a supply of electricity, and the instal¬ 
lation of equipment and devices related to electrical instal¬ 
lations within an electrified truck parking space. 

626.2 Definitions. 

Cable Management System. An apparatus designed to 
control and organize unused lengths of cable or cord at 
electrified truck parking spaces. 

Cord Connector. A device that, by inserting it into a truck 
flanged surface inlet, establishes an electrical connection to 
the truck for the purpose of providing power for the on¬ 
board electric loads and may provide a means for informa¬ 
tion exchange. This device is part of the truck coupler. 


Disconnecting Means, Parking Space. The nei 

equipment usually consisting of a circuit breaker or s' 
and fuses, and their accessories, located near the poi 
entrance of supply conductors in an electrified truck p 
ing space and intended to constitute the means of iutoff f< 
the supply to that truck. 


Electrified Truck Parking Space. A 

that has been provided with an electr 
truck operators to connect their vehic 
to use off-board power sources in order 
systems such as air conditioning, heating 
without any engine idling. 




tern that allows 
vhile stopped and 
operate on-board 
and appliances. 


Informational Note: An electriffeii Thick parking space 
also includes dedicated parking areas for heavy-duty trucks 
at travel plazas, warehouses, shipper and consignee yards, 
depot facilities, and border crossings. It does not include 
areas such as the shoulders of highway ramps and access 
roads, camping and recreational vehicle sites, residential 
and commercial parking areas used for automotive parking 
or other areas where ac power is provided solely for the 
purpose of connecting automotive and other light electrical 
loads, such as engine block heaters, and at private 
residences. 


electrified truck parking spaces, that supports equipment, 
appliances, raceway, and other necessary components for 
the purpose of supplying electrical, HVAC, internet, com¬ 
munications, and other services to the spaces. 

Separable Power Supply Cable Assembly. A flexible cord 
or cable, including ungrounded, grounded, and equipment 
grounding conductors, provided with a cord connector, an 
attachment plug, and all other fittings, grommets, or de¬ 
vices installed for the purpose of delivering energy from the 
source of electrical supply to the truck or TRU flanged 
surface inlet. 

Transport Refrigerated Unit (TRU). A trailer or con¬ 
tainer, with integrated cooling or heating, or both, used for 
the purpose of maintaining the desired environment of 
temperature-sensitive goods or products. 

Truck. Arf motor vehicle designed for the transportation of 
goodsj services, and equipment. 

Truck Coupler. A truck flanged surface inlet and mating 
u connector. 

anged Surface Inlet. The device(s) on the truck 
ich the connector(s) is inserted to provide electric 
and other services. This device is part of the truck 
For the purposes of this article, the truck flanged 
let is considered to be part of the truck and not 
If the electrified truck parking space supply equip- 

626.3 Other Articles. Wherever the requirements of other 
articles of this Code and Article 626 differ, the requirements 
of Article 626 shall apply. Unless electrified truck parking 
space wiring systems are supported or arranged in such a 
manner that they cannot be used in or above locations clas¬ 
sified in 511.3 or 514.3, or both, they shall comply with 
626.3(A) and (B) in addition to the requirements of this 
article. 

(A) Vehicle Repair and Storage Facilities. Electrified 
truck parking space electrical wiring systems located at fa¬ 
cilities for the repair or storage of self-propelled vehicles 
that use volatile flammable liquids or flammable gases for 
fuel or power shall comply with Article 511. 

(B) Motor Fuel Dispensing Stations. Electrified truck 
parking space electrical wiring systems located at or serv¬ 
ing motor fuel dispensing stations shall comply with Article 
514. 


Electrified Truck Parking Space Wiring Systems. All of 

the electrical wiring, equipment, and appurtenances related 
to electrical installations within an electrified truck parking 
space, including the electrified parking space supply equip¬ 
ment. 

Overhead Gantry. A structure consisting of horizontal 
framework, supported by vertical columns spanning above 


Informational Note: For additional information, see 
NFPA 88A-2011, Standard for Parking Structures, and 
NFPA 30A-2008, Code for Fuel Dispensing Facilities and 
Repair Garages. 

626.4 General Requirements. 

(A) Not Covered. The provisions of this article shall not 
apply to that portion of other equipment in residential, com- 
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mercial, or industrial facilities that requires electric power 
used to load and unload cargo, operate conveyors, and for 
other equipment used on the site or truck. 

(B) Distribution System Voltages. Unless other voltages 
are specified, the nominal ac system voltages of 120, 
120/240, 208Y/120, 240, or 480Y/277 shall be used to sup¬ 
ply equipment covered by this article. 

(C) Connection to Wiring System. The provisions of this 
article shall apply to the electrified truck parking space 
supply equipment intended for connection to a wiring sys¬ 
tem as defined in 626.4(B). 

626.5 Electric Vehicle Charging. The equipment located 
in the electrified truck parking spaces shall be permitted to 
be used for charging electric vehicles. Additional electric 
vehicle supply equipment (EVSE) shall be permitted to be 
located in these spaces. [ROP 12-79] 

II. Electrified Truck Parking Space Electrical Wiring 
Systems 

626.10 Branch Circuits. Electrified truck parking space 
single-phase branch circuits shall be derived from 
208Y/120-volt, 3-phase, 4-wire system or a 120/240-volt,' 
single-phase, 3-wire system. 

Exception: A 120-volt distribution system shallg 
ted to supply existing electrified truck parking 


Table 626.11(B) Demand Factors for Services and Feeders 


626.11 Feeder and Service Load Calculate 

(A) Parking Space Load. The 

or service shall be not less than 
branch circuits. Electrical ser 
culated on the basis of not less ti 
truck parking space. 



oK|f tpeder 
adsVn ttie 
11 be cal- 
lectrified 


(B) Demand Factors. Electrified truck parking space elec¬ 
trical wiring system demand factors shall be based upon the 
climatic temperature zone in which the equipment is in¬ 
stalled. The demand factors set forth in Table 626.11(B) 
shall be the minimum allowable demand factors that shall 
be permitted for calculating load for service and feeders. 
No demand factor shall be allowed for any other load, ex¬ 
cept as provided in this article. 

Informational Note: The U.S. Department of Agriculture 
(USDA) has developed a commonly used “Plant Hardiness 
Zone” map that is publicly available. The map provides 
guidance for determining the Climatic Temperature Zone. 
Data indicate that the HVAC has the highest power require¬ 
ment in cold climates, with the heating demand represent¬ 
ing the greatest load, which in turn is dependent on outside 
temperature. In very warm climates, where no heating load 
is necessary, the cooling load increases as the outdoor tem¬ 
perature rises. 


Climatic Temperature Zone 
(USDA Hardiness Zone) 

See Note 

Demand Factor 

(%) 

1 

70% 

2a 

67% 

2b 

62% 

3a 

59% 

3b 

57% 

4a 

55% 

4b 

51% 


47% 


43% 

6a 

39% 

^ 6b 

34% 

7a 

29% 


24% 


21% 

L 8b 

20% 

y 9a 

20% 

9b 

20% 

10a 

21% 

10b 

23% 

11 

24% 


Note: The climatic temperature zones shown in Table 626.11(B) cor¬ 
relate with those found on the “USDA Plant Hardiness Zone Map,” 
and the climatic temperature zone selected for use with the table shall 
be determined through the use of this map based on the installation 
location. 


(C) Two or More Electrified Truck Parking Spaces. 

Where the electrified truck parking space wiring system is 
in a location that serves two or more electrified truck park¬ 
ing spaces, the equipment for each space shall comply with 
626.11(A), and the calculated load shall be calculated on 
the basis of each parking space. 

(D) Conductor Rating. Truck space branch-circuit sup¬ 
plied loads shall be considered to be continuous. 
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III. Electrified Truck Parking Space Supply 
Equipment 

626.22 Wiring Methods and Materials. 

(A) Electrified Truck Parking Space Supply Equipment 
Type. The electrified truck parking space supply equipment 
shall be provided in one of the following forms: 

(1) Pedestal 

(2) Overhead gantry 

(3) Raised concrete pad 


extra-hard service cables or cords. Each connection to the 
equipment shall be by a single separable power supply 
cable assembly. 

(B) Receptacle. All receptacles shall be listed and of the 
grounding type. Every truck parking space with electrical 
supply shall be equipped with (B)(1) and (B)(2). 

(1) A maximum of three receptacles, each 2-pole, 3-wire 
grounding type and rated 20 amperes, 125 volts, and 
two of the three connected to two separate branch cir¬ 
cuits. 


(B) Mounting Height. Post, pedestal, and raised concrete 
pad types of electrified truck parking space supply equip¬ 
ment shall be not less than 600 mm (2 ft) aboveground or 
above the point identified as the prevailing highest water 
level mark or an equivalent benchmark based on seasonal 
or storm-driven flooding from the authority having jurisdic¬ 
tion. 

(C) Access to Working Space. All electrified truck park¬ 
ing space supply equipment shall be accessible by an un¬ 
obstructed entrance or passageway not less than 600 mm 
(2 ft) wide and not less than 2.0 m (6 ft 6 in.) high. 

(D) Disconnecting Means. A disconnecting switch 
cuit breaker shall be provided to disconnect one or 
electrified truck parking space supply equipment sites 
a remote location. The disconnecting means shall be 
vided and installed in a readily accessible location and 
be lockable open in accordance with<J§§6.25. [ROP 12- 

626.23 Overhead Gantry or Cab le 
tem. 

(A) Cable Management. (Electrified trucK parsing space 
equipment provided from either overhead j gantry or cable 
management systems shall utilize a permanently attached 
power supply cable in electrified truck parking space sup¬ 
ply equipment. Other cable types and assemblies listed as 
being suitable for the purpose, including optional hybrid 
communications, signal, and composite optical fiber cables, 
shall be permitted. 

(B) Strain Relief. Means to prevent strain from being 
transmitted to the wiring terminals shall be provided. Per¬ 
manently attached power supply cable(s) shall be provided 
with a means to de-energize the cable conductors and 
power service delivery device upon exposure to strain that 
could result in either cable damage or separation from the 
power service delivery device and exposure of live parts. 

626.24 Electrified Truck Parking Space Supply Equip¬ 
ment Connection Means. 

(A) General. Each truck shall be supplied from electrified 
truck parking space supply equipment through suitable 




Informational Note: For the nonlocking-type and 

grounding-type 20-ampere receptacle configuration, see 
ANSI/NEMA WD6-2002, Standard for Dimensions of At¬ 
tachment Plugs and Receptacles, Figure 5-20. 

eceptacle, 3-pole, 4-wire grounding type, 
rated either 30 amperes 208Y/120 volts or 
Its. The 125/250-volt receptacle shall be 
e used on a 208Y/120-volt, single-phase 

ircuit. 

.ational Note^ For various configurations of 30- 
pin and sleeve receptacles, see ANSI/UL1686, 
dardfor Pin and Sleeve Configurations, Figure C2.9 or 
C3. 



Where electrified truck parking space supply 
nt provides the heating, air-conditioning, and 
f ibrt-cooling function without requiring a direct electri¬ 
cal connection at the truck, only two receptacles identified 
in 626.24(B)(1) shall be required. [ROP 12-85] 

(C) Disconnecting Means, Parking Space. The electrified 
truck parking space supply equipment shall be provided 
with a switch or circuit breaker for disconnecting the power 
supply to the electrified truck parking space. A disconnect¬ 
ing means shall be provided and installed in a readily ac¬ 
cessible location and shall be lockable open in accordance 
with 110.25. [ROP 12-87] 

(D) Ground-Fault Circuit-Interrupter Protection for 
Personnel. The electrified truck parking space equipment 
shall be designed and constructed such that all receptacle 
outlets in 626.24 are provided with ground-fault circuit- 
interrupter protection for personnel. 

626.25 Separable Power-Supply Cable Assembly. A 

separable power-supply cable assembly, consisting of a 
power-supply cord, a cord connector, and an attachment 
plug intended for connection with a truck flanged surface 
inlet, shall be of a listed type. The power-supply cable 
assembly or assemblies shall be identified and be one of the 
types and ratings specified in 626.25(A) and (B). Cords 
with adapters and pigtail ends, extension cords, and similar 
items shall not be used. 

(A) Rating(s). 
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(1) Twenty-Ampere Power-Supply Cable Assembly. 

Equipment with a 20-ampere, 125-volt receptacle, in accor¬ 
dance with 626.24(B)(1), shall use a listed 20-ampere 
power-supply cable assembly. 

Exception: It shall be permitted to use a listed separable 
power-supply cable assembly, either hard service or extra- 
hard service and rated 15 amperes, 125 volts, for connec¬ 
tion to an engine block heater for legacy vehicles. 

(2) Thirty-Ampere Power-Supply Cable Assembly. 

Equipment with a 30-ampere, 208Y/120-volt or 125/250- 
volt receptacle, in accordance with 626.24(B)(2), shall use 
a listed 30-ampere main power-supply cable assembly. 

(B) Power-Supply Cord. 

(1) Conductors. The cord shall be a listed type with three 
or four conductors, for single-phase connection, one con¬ 
ductor of which shall be identified in accordance with 
400.23. 

Exception: It shall be permitted to use a separate listed 
three-conductor separable power-supply cable assembly, 
one conductor of which shall be identified in accordance 
with 400.23 and rated 15 amperes, 125 volts for connection ^ 
to an engine block heater for existing vehicles. 

(2) Cord. Extra-hard usage flexible cords and cables rated 
not less than 90°C (194°F), 600 volts; listed 
locations and sunlight resistance; and having an outer 
jacket rated to be resistant to temperature extremes, oil. 
gasoline, ozone, abrasion, acids, and chemicals shall be 
permitted where flexibility is necessary between tn^Slectri- 
fied truck parking space supply equipment, the panel board 
and flanged surface inlet(s) on the truck. 

oower supply cable 
\ions shall be per- 


Exception: Cords for the separa 
assembly for 15- and 20-ampere coni 
mitted to be a hard service type. 


(3) Cord Overall Length. The exposed cord length shall 
be measured from the face of the attachment plug to the 
point of entrance to the truck or the face of the flanged 
surface inlet or to the point where the cord enters the truck. 
The overall length of the cable shall not exceed 7.5 m 
(25 ft) unless equipped with a cable management system 
that is listed as suitable for the purpose. 


(a) Connection to a 20-Ampere Receptacle. A sepa¬ 
rable power-supply cable assembly for connection to a 
truck flanged surface inlet, rated at 20 amperes, shall have a 
nonlocking-type attachment plug that shall be 2-pole, 
3-wire grounding type rated 20 amperes, 125 volts and 
intended for use with the 20-ampere, 125-volt receptacle. 
Exception: A separable power-supply cable assembly, 
rated 15 amperes, provided for the connection of an engine 
block heater, only, shall have an attachment plug that shall 
be 2-pole, 3-wire grounding type rated 15 amperes, 125 
volts. 

Informational Note: For nonlocking- and grounding-type 
15- or 20-ampere plug and receptacle configurations, see 
ANSI/NEMA WD6-2002, Standard for Dimensions of At¬ 
tachment Plugs and Receptacles, Figure 5-15 or 5-20. 


(b) Connect^ 
rable power-; 
truck flanged 
an attachment plug 


to a 30-Ampere Receptacle. A sepa¬ 
rable assembly for connection to a 
ilet, rated at 30 amperes, shall have 
jail be 3-pole, 4-wire grounding 


type rated 30-amperes, 208Y/120 volts or 125/250 volts, 
and intended for use with the receptacle in accordance with 
626.24(B)(2). The 125/250-volt attachment plug shall be 
permitted to be used on a 208Y/120-volt, single-phase cir¬ 
cuit. 

oationaLNote: For various configurations of 30- 
and sleeve plugs, see ANSI/UL1686, Standard 
Jor Pin ahd Sleeve Configurations, Figure C2.10 or Part C3. 

Cord Connector. The cord connector for a separable 
ver-supply cable assembly, as specified in 626.25(A)(1), 
lall be a 2-pole, 3-wire grounding type rated 20 amperes, 
125 volts. The cord connector for a separable power-supply 
cable assembly, as specified in 626.25(A)(2), shall be a 
3-pole, 4-wire grounding type rated 30 amperes, 208Y/120 
volts or 125/250 volts. The 125/250-volt cord connector 
shall be permitted to be used on a 208Y/120-volt, single¬ 
phase circuit. 

Exception: The cord connector for a separable power sup¬ 
ply cable assembly, rated 15 amperes, provided for the con¬ 
nection of an engine block heater for existing vehicles, 
shall have an attachment plug that shall be 2-pole, 3-wire 
grounding type rated 15 amperes, 125 volts. 

Informational Note: For various configurations of 30- 
ampere cord connectors, see ANSI/UL1686 Standard for 
Pin and Sleeve Configurations, Figure C2.9 or Part C3. 


(4) Attachment Plug. The attachment plug(s) shall be 
listed, by itself or as part of a cord set, for the purpose and 
shall be molded to or installed on the flexible cord so that it 
is secured tightly to the cord at the point where the cord 
enters the attachment plug. If a right-angle cap is used, the 
configuration shall be oriented so that the grounding mem¬ 
ber is farthest from the cord. Where a flexible cord is pro¬ 
vided, the attachment plug shall comply with 250.138(A). 


626.26 Loss of Primary Power. Means shall be provided 
such that, upon loss of voltage from the utility or other 
electric supply system(s), energy cannot be back-fed 
through the truck and the truck supply equipment to the 
electrified truck parking space wiring system unless permit¬ 
ted by 626.27. 

626.27 Interactive Systems. Electrified truck parking 
space supply equipment and other parts of a system, either 
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on-board or off-board the vehicle, that are identified for and 
intended to be interconnected to a vehicle and also serve as 
an optional standby system or an electric power production 
source or provide for bi-directional power feed shall be 
listed as suitable for that purpose. When used as an optional 
standby system, the requirements of Article 702 shall apply, 
and when used as an electric power production source, the 
requirements of Article 705 shall apply. 


tions, Figure C2.ll. For various configurations of 60- 
ampere pin and sleeve receptacles, see ANSI/UL1686. 

626.32 Separable Power Supply Cable Assembly. A 

separable power supply cable assembly, consisting of a 
cord with an attachment plug and cord connector, shall be 
one of the types and ratings specified in 626.32(A), (B), 
and (C). Cords with adapters and pigtail ends, extension 
cords, and similar items shall not be used. 


IV. Transport Refrigerated Units (TRUs) 

626.30 Transport Refrigerated Units. Electrified truck 
parking spaces intended to supply transport refrigerated 
units (TRUs) shall include an individual branch circuit and 
receptacle for operation of the refrigeration/heating units. 
The receptacle associated with the TRUs shall be provided 
in addition to the receptacles required in 626.24(B). 

(A) Branch Circuits. TRU spaces shall be supplied from 
208-volt, 3-phase or 480-volt, 3-phase branch circuits and 
with an equipment grounding conductor. 

(B) Electrified Truck Parking Space Supply Equip¬ 
ment. The electrified truck parking space supply equip¬ 
ment, or portion thereof, providing electric power for the 
operation of TRUs shall be independent of the loads 
III of Article 626. 

626.31 Disconnecting Means and Recej 

(A) Disconnecting Means. Disconnecting meaff shall 
provided to isolate each refrigerated unit from its 
connection. A disconnecting means shall be provided and 
installed in a readily accessUile location and shall be lock- 
able open in accordance with 110.25. [ROP 12-90] 


(B) Location. The disco 
accessible, located not more 
receptacle it controls, and loci 
ahead of the receptacle. Circuit 



meangjftshall be readily 
(30 in.) from the 
supply circuit 
or switches lo- 


(A) Rating(s). The power supply cable assembly shall be 
listed and be rated in accordance with (1) or (2). 

(1) 30 ampere, 480-volt, 3-phase 

(2) 60 ampere, 208-volt, 3-phase 

(B) Cord Assemblies. The cord shall be a listed type with 
four conductors, for 3-phase connection, one of which shall 
be identifiediju accordance with 400.23 for use as the 

ment grounding conductor. Extra-hard usage cables 
not less tht^k^C (194°F), 600 volts, listed for both 
jons and sunlight resistance, and having an outer 
cited to be resistant to temperature extremes, oil, 
, ozone, abrasion, acids, and chemicals, shall be 
ed where flexibility is necessary between the electri¬ 
parking space supply equipment and the inlet(s) 
TRU. 



cated in power outlets complying with this section shall be 
permitted as the disconnecting means. 


(C) Attachment Plug(s) and Cord Connector(s). Where 
a flexible cord is provided with an attachment plug and 
cord connector, they shall comply with 250.138(A). The 
attachment plug(s) and cord connector(s) shall be listed, by 
itself or as part of the power-supply cable assembly, for the 
purpose and shall be molded to or installed on the flexible 
cord so that it is secured tightly to the cord at the point 
where the cord enters the attachment plug or cord connec¬ 
tor. If a right-angle cap is used, the configuration shall be 
oriented so that the grounding member is farthest from the 
cord. An attachment plug and cord connector for the con¬ 
nection of a truck or trailer shall be rated in accordance 
with (1) or (2) as follows: 


(C) Receptacles. All receptacles shall be listed and of the 
grounding type. Every electrified truck parking space in¬ 
tended to provide an electrical supply for transport refrig¬ 
erated units shall be equipped with one or both of the fol¬ 
lowing: 

(1) A 30-ampere, 480-volt, 3-phase, 3-pole, 4-wire recep¬ 
tacle 

(2) A 60-ampere, 208-volt, 3-phase, 3-pole, 4-wire 
receptacle 

Informational Note: Complete details of the 30-ampere 
pin and sleeve receptacle configuration for refrigerated con¬ 
tainers (transport refrigerated units) can be found in 
ANSI/UL1686, Standard for Pin and Sleeve Configura¬ 


(1) 30-ampere, 480-volt, 3-phase, 3-pole, 4-wire and in¬ 
tended for use with a 30-ampere 480-volt, 3-phase, 
3-pole, 4-wire receptacles and inlets, respectively, or 

(2) 60-ampere, 208-volt, 3-phase, 3-pole, 4-wire and in¬ 
tended for use with a 60-ampere, 208-volt, 3-phase, 
3-pole, 4-wire receptacles and inlets, respectively. 

Informational Note: Complete details of the 30-ampere 
pin and sleeve attachment plug and cord connector configu¬ 
rations for refrigerated containers (transport refrigerated 
units) can be found in ANSI/UL1686, Standard for Pin and 
Sleeve Configurations, Figures C2.12 and C2.ll. For vari¬ 
ous configurations of 60-ampere pin and sleeve attachment 
plugs and cord connectors, see ANSI/UL1686. 
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ARTICLE 630 
Electric Welders 


I. General 

630.1 Scope. This article covers apparatus for electric arc 
welding, resistance welding, plasma cutting, and other 
similar welding and cutting process equipment that is con¬ 
nected to an electrical supply system. 

II. Arc Welders 


Informational Note: Duty cycle considers welder loading 
based on the use to be made of each welder and the number 
of welders supplied by the conductors that will be in use at 
the same time. The load value used for each welder consid¬ 
ers both the magnitude and the duration of the load while 
the welder is in use. 

630.12 Overcurrent Protection. Overcurrent protection 
for arc welders shall be as provided in 630.12(A) and (B). 
Where the values as determined by this section do not cor¬ 
respond to the standard ampere ratings provided in 240.6 or 
where the rating or setting specified results in unnecessary 
opening of the overcurrent device, the next higher standard 
rating or setting shall be permitted. 


630.11 Ampacity of Supply Conductors. The ampacity of 
conductors for arc welders shall be in accordance with 
630.11(A) and (B). 

(A) Individual Welders. The ampacity of the supply con¬ 
ductors shall be not less than the 7 leff value on the rating 
plate. Alternatively, if the 7 leff is not given, the ampacity of 
the supply conductors shall not be less than the current 
value determined by multiplying the rated primary current 
in amperes given on the welder rating plate by the factor 
shown in Table 630.11(A) based on the duty cycle of thc^ 
welder. 


Table 630.11(A) Duty Cycle Multiplication Factor: 
Welders 


Multiplier for Arc 


Duty Cycle 

Nonmotor 

Generator 

Motor 

Generator 

100 

LOO^jk 

LOO 

90 

0.95 

0.96 

80 

0.89 

^0.91 

70 

0.84 

^^TO.86 

60 

0.78 

0.81 

50 

0.71 

0.75 

40 

0.63 

0.69 

30 

0.55 

0.62 

20 or less 

0.45 

0.55 



(B) Group of Welders. Minimum conductor ampacity 
shall be based on the individual currents determined in 
630.11(A) as the sum of 100 percent of the two largest 
welders, plus 85 percent of the third largest welder, plus 
70 percent of the fourth largest welder, plus 60 percent of 
all remaining welders. 

Exception: Percentage values lower than those given in 
630.11(B) shall be permitted in cases where the work is 
such that a high-operating duty cycle for individual welders 
is impossible. 


(A) For Welders. Each welder shall have overcurrent pro¬ 
tection rated or setat\not more than 200 percent of 7 lmax . 
Alternatively, if the ^ max is not given, the overcurrent pro¬ 
tection shall be rated or set at not more than 200 percent of 
the rated primary current of the welder. 

An mreJcurrent device shall not be required for a welder 
that has supply conductors protected by an overcurrent de- 
vi^wted or set at not more than 200 percent of 7 lmax or at 
the rated primary current of the welder. 

If the supply conductors for a welder are protected by 
n overcurrent device rated or set at not more than 200 per- 
iitef7j ma ^ or at the rated primary current of the welder, a 
separate overcurrent device shall not be required. 


) For Conductors. Conductors that supply one or more 
lders shall be protected by an overcurrent device rated or 
at not more than 200 percent of the conductor ampacity. 

Informational Note: 7 lmax is the maximum value of the 
rated supply current at maximum rated output. 7 leff is the 
maximum value of the effective supply current, calculated 
from the rated supply current (fj), the corresponding duty 
cycle (duty factor) (X), and the supply current at no-load 
(7 0 ) by the following equation: 




630.13 Disconnecting Means. A disconnecting means 
shall be provided in the supply circuit for each arc welder 
that is not equipped with a disconnect mounted as an inte¬ 
gral part of the welder and be marked to identify what it 
disconnects. [ROP 12-93] 

The disconnecting means shall be a switch or circuit 
breaker, and its rating shall be not less than that necessary 
to accommodate overcurrent protection as specified under 
630.12. 

630.14 Marking. A rating plate shall be provided for arc 
welders giving the following information: 

(1) Name of manufacturer 

(2) Frequency 

(3) Number of phases 
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(4) Primary voltage 

(5) /i max and / leff , or rated primary current 

(6) Maximum open-circuit voltage 

(7) Rated secondary current 

(8) Basis of rating, such as the duty cycle 

630.15 Grounding of Welder Secondary Circuit. The 

secondary circuit conductors of an arc welder, consisting of 
the electrode conductor and the work conductor, shall not 
be considered as premises wiring for the purpose of apply¬ 
ing Article 250. 

Informational Note: Connecting welder secondary circuits 
to grounded objects can create parallel paths and can cause 
objectionable current over equipment grounding 
conductors. 


III. Resistance Welders 

630.31 Ampacity of Supply Conductors. The ampacity 
of the supply conductors for resistance welders necessary to 
limit the voltage drop to a value permissible for the satis¬ 
factory performance of the welder is usually greater than 
that required to prevent overheating as covered in 
630.31(A) and (B). 


Table 630.31(A)(2) Duty Cycle Multiplication Factors for 
Resistance Welders 


(A) Individual Welders. The rated ampacity for coi 
tors for individual welders shall comply with. follow 

(1) The ampacity of the supply conductors for 
that may be operated at different tipres at different val 
ues of primary current or duty cycleshall not be less 
than 70 percent of the rated primary current for seam 
and automatically fed welders, and 50 percent of the 
rated primary current for manually operated nonauto 
matic welders. 

(2) The ampacity of the supply conductors for a welder 
wired for a specific operation for which the actual pri¬ 
mary current and duty cycle are known and remain 
unchanged shall not be less than the product of the 
actual primary current and the multiplier specified in 
Table 630.31(A)(2) for the duty cycle at which the 
welder will be operated. 


Duty Cycle 
(%) 

Multiplier 

50 

0.71 

40 

0.63 

30 

0.55 

25 

0.50 

20 

0.45 

15 

0.39 

10 

0.32 

7.5 

0.27 

5 or less 

0.22 



(3) The dujjfrpycle is the percentage of the time during 
whic]j*»e welder is loaded. For instance, a spot welder 
'lied by a 60-Hz system (216,000 cycles per hour) 
g 400 15-cycle welds per hour would have a 
^Slfuty cjlieW 2.8 percent (400 multiplied by 15, di¬ 
vided by multiplied by 100). A seam welder 

operating 2 cycles “on” and 2 cycles “off’ would have 
,uty cycle of?5 percent. 

Overcurrent Protection. Overcurrent protection 
istance welders shall be as provided in 630.32(A) 
). Where the values as determined by this section do 
espond with the standard ampere ratings provided 
.6 or where the rating or setting specified results in 
unnecessary opening of the overcurrent device, a higher 
rating or setting that does not exceed the next higher stan¬ 
dard ampere rating shall be permitted. 

(A) For Welders. Each welder shall have an overcurrent 
device rated or set at not more than 300 percent of the rated 
primary current of the welder. If the supply conductors for 
a welder are protected by an overcurrent device rated or set 
at not more than 200 percent of the rated primary current of 
the welder, a separate overcurrent device shall not be re¬ 
quired. 

(B) For Conductors. Conductors that supply one or more 
welders shall be protected by an overcurrent device rated or 
set at not more than 300 percent of the conductor ampacity. 


(B) Groups of Welders. The ampacity of conductors that 
supply two or more welders shall not be less than the sum 
of the value obtained in accordance with 630.31(A) for the 
largest welder supplied and 60 percent of the values ob¬ 
tained for all the other welders supplied. 

Informational Note: Explanation of Terms 

(1) The rated primary current is the rated kilovolt-amperes 
(kVA) multiplied by 1000 and divided by the rated 
primary voltage, using values given on the nameplate. 

(2) The actual primary current is the current drawn from 
the supply circuit during each welder operation at the 
particular heat tap and control setting used. 


630.33 Disconnecting Means. A switch or circuit breaker 
shall be provided by which each resistance welder and its 
control equipment can be disconnected from the supply 
circuit. The ampere rating of this disconnecting means shall 
not be less than the supply conductor ampacity determined 
in accordance with 630.31. The supply circuit switch shall 
be permitted as the welder disconnecting means where the 
circuit supplies only one welder. 

630.34 Marking. A nameplate shall be provided for each 
resistance welder, giving the following information: 

(1) Name of manufacturer 
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(2) Frequency 

(3) Primary voltage 

(4) Rated kilovolt-amperes (kVA) at 50 percent duty cycle 

(5) Maximum and minimum open-circuit secondary volt¬ 
age 

(6) Short-circuit secondary current at maximum secondary 
voltage 

(7) Specified throat and gap setting 

IV. Welding Cable 

630.41 Conductors. Insulation of conductors intended for 
use in the secondary circuit of electric welders shall be 
flame retardant. 

630.42 Installation. Cables shall be permitted to be in¬ 
stalled in a dedicated cable tray as provided in 630.42(A), 
(B), and (C). 

(A) Cable Support. The cable tray shall provide support 
at not greater than 150-mm (6-in.) intervals. 

(B) Spread of Fire and Products of Combustion. The 

installation shall comply with 300.21. 

(C) Signs. A permanent sign shall be attached to the cable 
tray at intervals not greater than 6.0 m (20 ft). The sign 
shall read as follows: 

CABLE TRAY FOR WELDING CABL 


ARTIC 
Audio Signal Proces 
and Reproduction 

I. General 
640.1 Scope. 

(A) Covered. This article covers equipment and wiring for 
audio signal generation, recording, processing, amplifica¬ 
tion, and reproduction; distribution of sound; public ad¬ 
dress; speech input systems; temporary audio system instal¬ 
lations; and electronic organs or other electronic musical 
instruments. This also includes audio systems subject to 
Article 517, Part VI, and Articles 518, 520, 525, and 530. 
[ROP 12-93a] 

Informational Note: Examples of permanently installed 
distributed audio system locations include, but are not lim¬ 
ited to, restaurant, hotel, business office, commercial and 
retail sales environments, churches, and schools. Both por¬ 
table and permanently installed equipment locations in¬ 
clude, but are not limited to, residences, auditoriums, the¬ 


aters, stadiums, and movie and television studios. 
Temporary installations include, but are not limited to, au¬ 
ditoriums, theaters, stadiums (which use both temporary 
and permanently installed systems), and outdoor events 
such as fairs, festivals, circuses, public events, and 
concerts. 

[ROP 12-93a] 

(B) Not Covered. . This article does not cover the instal¬ 
lation and wiring of fire and burglary alarm signaling de¬ 
vices. [ROP 12-93a] 

640.2 Definitions. For purposes of this article, the follow¬ 
ing definitions apply. 

Abandoned Audio Distribution Cable. Installed audio 
distribution cable that is not terminated at equipment and 
not identified for future use with a tag. 



Audio Ampl 

that increa^ps 
audio signal intended 
equipment. Aimlifier is 


-Amplifier. Electronic equipment 
voltage potential, or both, of an 
by another piece of audio 
rm used to denote an audio 




this article. [ROP 12-94] 

Audio Autotransformer. A transformer with a single 
vinding dfe|multiple taps intended for use with an ampli- 
Ispeaker signal output. 

al Processing Equipment. Electrically oper- 
equipment that produces, processes, or both, electronic 
Signals that, when appropriately amplified and reproduced 
a loudspeaker, produce an acoustic signal within the 
ange of normal human hearing (typically 20-20 kHz). 
Within this article, the terms equipment and audio equip¬ 
ment are assumed to be equivalent to audio signal process¬ 
ing equipment. 

Informational Note: This equipment includes, but is not 
limited to, loudspeakers; headphones; pre-amplifiers; mi¬ 
crophones and their power supplies; mixers; MIDI (musical 
instrument digital interface) equipment or other digital con¬ 
trol systems; equalizers, compressors, and other audio sig¬ 
nal processing equipment; and audio media recording and 
playback equipment, including turntables, tape decks and 
disk players (audio and multimedia), synthesizers, tone 
generators, and electronic organs. Electronic organs and 
synthesizers may have integral or separate amplification 
and loudspeakers. With the exception of amplifier outputs, 
virtually all such equipment is used to process signals (uti¬ 
lizing analog or digital techniques) that have nonhazardous 
levels of voltage or current potential. 

Audio System. Within this article, the totality of all equip¬ 
ment and interconnecting wiring used to fabricate a fully 
functional audio signal processing, amplification, and re¬ 
production system. 

Audio Transformer. A transformer with two or more elec¬ 
trically isolated windings and multiple taps intended for use 
with an amplifier loudspeaker signal output. 
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Equipment Rack. A framework for the support, enclosure, 
or both, of equipment; may be portable or stationary. . 

Informational Note: See ANSI/EIA/310-D-1992, Cabi¬ 
nets, Racks, Panels and Associated Equipment. [ROP 
12-97] 


Discrete Products and Their Accessories Installed in Air- 
Handling Spaces, to be installed in other spaces used for 
environmental air (ceiling cavity plenums). [ROP 12-19] 

(C) Cable Trays. Cable trays shall be used in accordance 
with Article 392. 


Loudspeaker. Equipment that converts an ac electric signal 
into an acoustic signal. The term speaker is commonly used 
to mean loudspeaker. 

Maximum Output Power. The maximum power delivered 
by an amplifier into its rated load as determined under 
specified test conditions. [ROP 12-99] 

Informational Note: The maximum output power can ex¬ 
ceed the manufacturer’s rated output power for the same 
amplifier. [ROP 12-99] 

Mixer. Equipment used to combine and level match a mul¬ 
tiplicity of electronic signals, such as from microphones, 
electronic instruments, and recorded audio. 

[ROP 12-100] 

Portable Equipment. Equipment fed with portable cords 
or cables intended to be moved from one place to another. 

[ROP 12-102, ROP 12-103] 

Rated Output Power. The amplifier manufacturer’^ 
or marked output power capability into its rated load! 

[ROP 12-105] 

Technical Power System. An electrical distribution systel 
with grounding in accordance with 250.146(D)ypi'here 
equipment grounding conductor is if 
mises grounded conductor except at a si 
mination point within a branch-circuit pal 
originating (main breaker) branch-circuit pane 
the premises grounding electrode. 



[rounded ter- 
iard, at the 
(board, or at 


Temporary Equipment. Portable wiring and equipment 
intended for use with events of a transient or temporary 
nature where all equipment is prespftled to be removed at 
the conclusion of the event. 

640.3 Locations and Other Articles. Circuits and equip¬ 
ment shall comply with 640.3(A) through (M), as appli¬ 
cable. 

(A) Spread of Fire or Products of Combustion. Section 
300.21 shall apply. 


Informational Note: See 725.154(C) for the use of Class 2, 
Class 3, and Type PLTC cable in cable trays. 

(D) Hazardous (Classified) Locations. Equipment used in 
hazardous (classified) locations shall comply with the ap¬ 
plicable requirements of Chapter 5. 

(E) Assembly Occupancies. Equipment used in assembly 
occupancies shall comply with Article 518. 

(F) Theaters* Audience Areas of Motion Picture and 
Television Studios, and Similar Locations. Equipment 
used in theater, audience areas of motion picture and tele- 

tudios^^d similar locations shall comply with Ar¬ 
ticled. 

ivals, Circuses, Fairs, and Similar Events. 

ent used in carnivals, circuses, fairs, and similar 
shall comply with Article 525. 


ion Picture and Television Studios. Equipment 
motion picture and television studios shall comply 
Article 530. 

(I) Swimming Pools, Fountains, and Similar Locations. 

Audio equipment used in or near swimming pools, foun¬ 
tains, and similar locations shall comply with Article 680. 

(J) Combination Systems. Where the authority having ju¬ 
risdiction permits audio systems for paging or music, or 
both, to be combined with fire alarm systems, the wiring 
shall comply with Article 760. 

Informational Note: For installation requirements for such 
combination systems, refer to NFPA 72- 2010, National Fire 
Alarm and Signaling Code, and NFPA 101- 2009, Life 
Safety Code. 

(K) Antennas. Equipment used in audio systems that con¬ 
tain an audio or video tuner and an antenna input shall 
comply with Article 810. Wiring other than antenna wiring 
that connects such equipment to other audio equipment 
shall comply with this article. 


(B) Ducts, Plenums, and Other Air-Handling Spaces. 

See 300.22 for circuits and equipment installed in ducts or 
plenums or other space used for environmental air. 

Informational Note: NFPA 90A-2009, Standard for the 
Installation of Air Conditioning and Ventilation Systems, 
4.3.10.2.6.5, permits loudspeakers, loudspeaker assemblies, 
and their accessories listed in accordance with UL 2043- 
2008, Fire Test for Heat and Visible Smoke Release for 


(L) Generators. Generators shall be installed in accor¬ 
dance with 445.10 through 445.12, 445.14 through 445.16, 
and 445.18. Grounding of portable and vehicle-mounted 
generators shall be in accordance with 250.34. 

(M) Organ Pipes. Additions of pipe organ pipes to an 
electronic organ shall be in accordance with 650.4 through 
650.8. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-587 



640.4 


ARTICLE 640 — AUDIO SIGNAL PROCESSING, AMPLIFICATION, AND REPRODUCTION EQUIPMENT 


640.4 Protection of Electrical Equipment. Amplifiers, 
loudspeakers, and other equipment shall be so located or 
protected as to guard against environmental exposure or 
physical damage, such as might result in fire, shock, or 
personal hazard. 

640.5 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to equipment shall not 
be denied by an accumulation of wires and cables that 
prevents removal of panels, including suspended ceiling 
panels. 

640.6 Mechanical Execution of Work. 


(B) Separately Derived Systems with 60 Volts to 

Ground. Grounding of separately derived systems with 60 
volts to ground shall be in accordance with 647.6. 

(C) Isolated Ground Receptacles. Isolated grounding- 
type receptacles shall be permitted as described in 
250.146(D), and for the implementation of other technical 
power systems in compliance with Article 250. For sepa¬ 
rately derived systems with 60 volts to ground, the branch- 
circuit equipment grounding conductor shall be terminated 
as required in 647.6(B). 

Informational Note: See 406.3(D) for grounding-type re¬ 
ceptacles and required identification. 


(A) Neat and Workmanlike Manner. Audio signal pro¬ 
cessing, amplification, and reproduction equipment, cables, 
and circuits shall be installed in a neat workmanlike man- 


(B) Installation of Audio Distribution Cables. Cables in¬ 
stalled exposed on the surface of ceilings and sidewalls 
shall be supported in such a manner that the audio distribu¬ 
tion cables will not be damaged by normal building use. 
Such cables shall be secured by straps, staples, cable ties, 
hangers, or similar fittings designed and installed so as not 
to damage the cable. The installation shall conform to' 
300.4 and 300.11(A). 

(C) Abandoned Audio Distribution Cables. 

sible portion of abandoned audio distribution cables 
be removed. 


(D) Installed Audio Distribution 
Future Use. 

(1) Cables identified for future?# 
tag of sufficient durability to w? 
involved. 

(2) Cable tags shall have the following information: 



640.8 Grouping of Conductors. Insulated conductors of 
different systems grouped or bundled so as to be in close 
physical contacypim each other in the same raceway or 
other enclosure, or in portable cords or cables, shall comply 
with 300.31<§^1). 

640.9 Wiring Methods. 

(A) Wiring to and Between Audio Equipment. 

(1) Power Wiring. Wiring and equipment from source of 
wer to and between devices connected to the premises 
;iig systems shall comply with the requirements of 
Chapters 1 through 4, except as modified by this article. 

;(2) Separately Derived Power Systems. Separately de¬ 
ed systems shall comply with the applicable articles of 
s Code, except as modified by this article. Separately 
derived systems with 60 volts to ground shall be permitted 
for use in audio system installations as specified in Article 
647. 

(3) Other Wiring. All wiring not connected to the pre¬ 
mises wiring system or to a wiring system separately de¬ 
rived from the premises wiring system shall comply with 
Article 725. 


(1) Date cable was identified for future use 

(2) Date of intended use 

(3) Information related to the intended future use of cable 

640.7 Grounding. 

(A) General. Wireways and auxiliary gutters shall be con¬ 
nected to an equipment grounding conductor(s), to an 
equipment bonding jumper, or to the grounded conductor 
where permitted or required by 250.92(B)(1) or 250.142. 
Where the wireway or auxiliary gutter does not contain 
power-supply wires, the equipment grounding conductor 
shall not be required to be larger than 14 AWG copper or its 
equivalent. Where the wireway or auxiliary gutter contains 
power-supply wires, the equipment grounding conductor 
shall not be smaller than specified in 250.122. 


(B) Auxiliary Power Supply Wiring. Equipment that has 
a separate input for an auxiliary power supply shall be 
wired in compliance with Article 725. Battery installation 
shall be in accordance with Article 480. This section shall 
not apply to the use of uninterruptible power supply (UPS) 
equipment, or other sources of supply, that are intended to 
act as a direct replacement for the primary circuit power 
source and are connected to the primary circuit input. 

Informational Note: Refer to NFPA 72- 2010, National 
Fire Alarm and Signaling Code, where equipment is used 
for a fire alarm system. 

(C) Output Wiring and Listing of Amplifiers. Amplifiers 
with output circuits carrying audio program signals shall be 
permitted to employ Class 1, Class 2, or Class 3 wiring 
where the amplifier is listed and marked for use with the 
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specific class of wiring method. Such listing shall ensure 
the energy output is equivalent to the shock and fire risk of 
the same class as stated in Article 725. Overcurrent protec¬ 
tion shall be provided and shall be permitted to be inherent 
in the amplifier. 

Audio amplifier output circuits wired using Class 1 wir¬ 
ing methods shall be considered equivalent to Class 1 cir¬ 
cuits and shall be installed in accordance with 725.46, 
where applicable. 

Audio amplifier output circuits wired using Class 2 or 
Class 3 wiring methods shall be considered equivalent to 
Class 2 or Class 3 circuits, respectively. They shall use 
conductors insulated at not less than the requirements of 
725.179 and shall be installed in accordance with 725.133 
and 725.154. 


tected by a ground-fault circuit interrupter where required 
by other articles. [ROP 12-107] 

(B) Equipment Not Supplied by Branch-Circuit Power. 

Audio system equipment powered by a listed Class 2 power 
supply or by the output of an amplifier listed as permitting 
the use of Class 2 wiring shall be restricted in placement 
only by the manufacturer’s recommendations. 

Informational Note: See 640.10(A) for placement of the 
power supply or amplifier, if supplied by branch-circuit 
power. [ROP 12-107a] 

II. Permanent Audio System Installations 
640.21 Use of Flexible Cords and Cables. 


Informational Note No. 1: ANSI/UL 1711-2006, Amplifi¬ 
ers for Fire Protective Signaling Systems, contains require¬ 
ments for the listing of amplifiers used for fire alarm sys¬ 
tems in compliance with NFPA 72- 2010, National Fire 
Alarm and Signaling Code. [ROP 12-19] 

Informational Note No. 2: Examples of requirements for 
listing amplifiers used in residential, commercial, and pro¬ 
fessional use are found in ANSI/UL 813-1996, Commercial 
Audio Equipment ; ANSI/UL 1419-2011, Professional Video 
and Audio Equipment ; ANSI/UL 1492-2010, Audio-V^ 
Products and Accessories', and ANSI/UL 6500-2' 
Audio/Video and Musical Instrument Apparatus for Hou. 
hold, Commercial, and Similar Use. [ROP 12-19] 

(D) Use of Audio Transformers and 

Audio transformers and autotransfon 
for audio signals in a manner so as m 
facturer’s stated input or output vo11a^h|®rhpedance, or 
power limitations. The input or output wires u>f an audio 
transformer or autotransformer shall be allowed to connect 
directly to the amplifier or loudspeaker rajninals. No elec¬ 
trical terminal or lead shafMs. required to be grounded or 
bonded. 

640.10 Audio Systems Near Bodies of Water. Audio sys¬ 
tems near bodies of water, either natural or artificial, shall 
be subject to the restrictions specified in 640.10(A) and (B). 

Exception: This section does not include audio systems 
intended for use on boats, yachts, or other forms of land or 
water transportation used near bodies of water, whether or 
not supplied by branch-circuit power. 




(A) Between Equipment and Branch-Circuit Power. 

Power supply cords for audio equipment shall be suitable 
for the i|se\and shall be permitted to be used where the 
interchange, maintenance, or repair of such equipment is 
itated through, fee use of a power-supply cord. 

(B) Between Loudspeakers and Amplifiers or Between 
pudspeakers. Cables used to connect loudspeakers to 

other or to an amplifier shall comply with Article 725. 
Other listed cable types and assemblies, including optional 
brid communications, signal, and composite optical fiber 
shall be permitted. 

(C) Between Equipment. Cables used for the distribution 
of audio signals between equipment shall comply with Ar¬ 
ticle 725. Other listed cable types and assemblies, including 
optional hybrid communications, signal, and composite op¬ 
tical fiber cables, shall be permitted. Other cable types and 
assemblies specified by the equipment manufacturer as ac¬ 
ceptable for the use shall be permitted in accordance with 
110.3(B). 

(D) Between Equipment and Power Supplies Other 
Than Branch-Circuit Power. The following power sup¬ 
plies, other than branch-circuit power supplies, shall be in¬ 
stalled and wired between equipment in accordance with 
the requirements of this Code for the voltage and power 
delivered: 

(1) Storage batteries 

(2) Transformers 

(3) Transformer rectifiers 


Informational Note: See 680.27(A) for installation of un¬ 
derwater audio equipment. 

(A) Equipment Supplied by Branch-Circuit Power. Au¬ 
dio system equipment supplied by branch-circuit power 
shall not be placed horizontally within 1.5 m (5 ft) of the 
inside wall of a pool, spa, hot tub, or fountain, or within 1.5 
m (5 ft) of the prevailing or tidal high water mark. The 
equipment shall be provided with branch-circuit power pro¬ 


(4) Other ac or dc power supplies 

Informational Note: For some equipment, these sources 
such as in items (1) and (2) serve as the only source of 
power. These could, in turn, be supplied with intermittent 
or continuous branch-circuit power. 

(E) Between Equipment Racks and Premises Wiring 
System. Flexible cords and cables shall be permitted for the 
electrical connection of permanently installed equipment 
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racks to the premises wiring system to facilitate access to 
equipment or for the purpose of isolating the technical 
power system of the rack from the premises ground. Con¬ 
nection shall be made either by using approved plugs and 
receptacles or by direct connection within an approved en¬ 
closure. Flexible cords and cables shall not be subjected to 
physical manipulation or abuse while the rack is in use. 

640.22 Wiring of Equipment Racks and Enclosures. 

Metal equipment racks and enclosures shall be grounded. 
Bonding shall not be required if the rack is connected to a 
technical power ground. 

Equipment racks shall be wired in a neat and workman¬ 
like manner. Wires, cables, structural components, or other 
equipment shall not be placed in such a manner as to pre¬ 
vent reasonable access to equipment power switches and 
resettable or replaceable circuit overcurrent protection de¬ 
vices. 

Supply cords or cables, if used, shall terminate within 
the equipment rack enclosure in an identified connector 
assembly. The supply cords or cable (and connector assem¬ 
bly if used) shall have sufficient ampacity to carry the total 
load connected to the equipment rack and shall be protected 
by overcurrent devices. 

640.23 Conduit or Tubing. 

(A) Number of Conductors. The number o, 
permitted in a single conduit or tubing shat 
percentage fill specified in Table 1, Chapter 


(B) Nonmetallic Conduit or 
Bushings. The use of nonmeta 
insulating bushings shall be 
power system is employed and 
cable articles. 



ating 

conduitl^rjtubiiig and 
fitted where! a technical 
comply with appli- 


640.24 Wireways, Gutters, and Auxiliary Gutters. The 

use of metallic and nonmetallic wireways, gutters, and aux¬ 
iliary gutters shall be permitted for use with audio signal 
conductors and shall comply with applicable articles with 
respect to permitted locations, construction, and fill. 

640.25 Loudspeaker Installation in Fire Resistance- 
Rated Partitions, Walls, and Ceilings. Loudspeakers in¬ 
stalled in a fire resistance-rated partition, wall, or ceiling 
shall be listed for that purpose or installed in an enclosure 
or recess that maintains the fire resistance rating. 

Informational Note: Fire-rated constmction is the fire- 
resistive classification used in building codes. One method 
of determining fire rating is testing in accordance with 
NFPA 256-2003, Standard Methods of Fire Tests of Roof 
Coverings. 


III. Portable and Temporary Audio System 
Installations 

640.41 Multipole Branch-Circuit Cable Connectors. 

Multipole branch-circuit cable connectors, male and fe¬ 
male, for power-supply cords and cables shall be so con¬ 
structed that tension on the cord or cable is not transmitted 
to the connections. The female half shall be attached to the 
load end of the power supply cord or cable. The connector 
shall be rated in amperes and designed so that differently 
rated devices cannot be connected together. Alternating- 
current multipole connectors shall be polarized and comply 
with 406.7(A) and (B) and 406.10. Alternating-current or 
direct-current multipole connectors utilized for connection 
between loudspeakers and amplifiers, or between loud¬ 
speakers, shall not be, compatible with nonlocking 15- or 
20-ampere ratedO connectors intended for branch-circuit 
power or with connectors rated 250 volts or greater and of 
either the locking or Nonlocking type. Signal cabling not 
intended for such loudspeaker and amplifier interconnec¬ 
tion sl^ll not be permitted to be compatible with multipole 
branch-circui^toble connectors of any accepted configura¬ 
tion^ 

nal Note: See 400.10 for pull at terminals. 

lexible Cords and Cables. 

Betw^ln Equipment and Branch-Circuit Power. 

'ower supply cords for audio equipment shall be listed and 
11 be permitted to be used where the interchange, main- 
ance, or repair of such equipment is facilitated through 
the use of a power-supply cord. 

(B) Between Loudspeakers and Amplifiers, or Between 
Loudspeakers. Flexible cords and cables used to connect 
loudspeakers to each other or to an amplifier shall comply 
with Article 400 and Article 725, respectively. Cords and 
cables listed for portable use, either hard or extra-hard us¬ 
age as defined by Article 400, shall also be permitted. Other 
listed cable types and assemblies, including optional hybrid 
communications, signal, and optical fiber cables, shall be 
permitted. 

(C) Between Equipment and/or Between Equipment 
Racks. Flexible cords and cables used for the distribution 
of audio signals between equipment shall comply with Ar¬ 
ticle 400 and Article 725, respectively. Cords and cables 
listed for portable use, either hard or extra-hard service as 
defined by Article 400, shall also be permitted. Other listed 
cable types and assemblies, including optional hybrid com¬ 
munications, signal, and optical fiber cables, shall be per¬ 
mitted. 

(D) Between Equipment, Equipment Racks, and Power 
Supplies Other Than Branch-Circuit Power. Wiring be¬ 
tween the following power supplies, other than branch- 
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circuit power supplies, shall be installed, connected, or 
wired in accordance with the requirements of this Code for 
the voltage and power required: 

(1) Storage batteries 


640.46 Equipment Access. Equipment likely to present a 
risk of fire, electric shock, or physical injury to the public 
shall be protected by barriers or supervised by qualified 
personnel so as to prevent public access. 


(2) Transformers 

(3) Transformer rectifiers 

(4) Other ac or dc power supplies 

(E) Between Equipment Racks and Branch-Circuit 
Power. The supply to a portable equipment rack shall be by 
means of listed extra-hard usage cords or cables, as defined 
in Table 400.4. For outdoor portable or temporary use, the 
cords or cables shall be further listed as being suitable for 
wet locations and sunlight resistant. Sections 520.5, 520.10, 
and 525.3 shall apply as appropriate when the following 
conditions exist: 

(1) Where equipment racks include audio and lighting 
and/or power equipment 

(2) When using or constructing cable extensions, adapters, 
and breakout assemblies 

640.43 Wiring of Equipment Racks. Equipment racks 
fabricated of metal 1 be grounded. Nonmetallic racks with 
covers (if provided) removed shall not allow aci 
Class 1, Class 3, or primary circuit power without 
moval of covers over terminals or the use of tools. 

Equipment racks shall be wired in a ne; 
like manner. Wires, cables, structural era 
equipment shall not be placed in suddlr'inannc@s to 
vent reasonable access to equipment power^switches and 
resettable or replaceable circuit ove rcurrent protection de¬ 
vices. 

Wiring that exits the equipment rack 
other equipment or to a power supply s 
strain or otherwise suitably terminated sj 
the flexible cord or cable will nolkincri 
age to the cable or connected eq 
unreasonable risk of fire or electric 



tor connection to 
|1 be relieved of 
cli that a pull on 
the risk of dam- 
fkuch as to cause an 
£hock. 


ARTICLE 645 

Information Technology Equipment 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 75-2009, Standard 
for the Protection of Information Technology Equipment. 
Only editorial changes were made to the extracted text to 
make it consistent with this Code. 


I. Gem 




P 12-110a, ROP 12-111, ROP 12-112, 
12-114, ROP 12-138, ROP 12-139, ROP 12-143, 
p 12-142, R01%2-27, ROP 12-128, ROP 12-131, 
ROP/12-19, ROP 12-134, ROP 12-132, ROP 12-137, 
2-147] 

Scope. This article covers equipment, power-supply 
uipment interconnecting wiring, and grounding 
formation technology equipment and systems in an 
^nation technology equipment room. 

Informational Note: For further information, see 

NFPA 75-2009, Standard for the Protection of Information 
Technology Equipment , which covers the requirements for 
the protection of information technology equipment and 
information technology equipment areas. 

645.2 Definitions. 

Abandoned Supply Circuits and Interconnecting 
Cables. Installed supply circuits and interconnecting cables 
that are not terminated at equipment and not identified for 
future use with a tag. 


640.44 Environmental Protection of Equipment. Por¬ 
table equipment not listed for outdoor use shall be permit¬ 
ted only where appropriate protection of such equipment 
from adverse weather conditions is provided to prevent risk 
of fire or electric shock. Where the system is intended to 
remain operable during adverse weather, arrangements 
shall be made for maintaining operation and ventilation of 
heat-dissipating equipment. 

640.45 Protection of Wiring. Where accessible to the 
public, flexible cords and cables laid or run on the ground 
or on the floor shall be covered with approved nonconduc- 
tive mats. Cables and mats shall be arranged so as not to 
present a tripping hazard. The cover requirements of 300.5 
shall not apply to wiring protected by burial. 


Critical Operations Data System. An information tech¬ 
nology equipment system that requires continuous opera¬ 
tion for reasons of public safety, emergency management, 
national security, or business continuity. 

Information Technology Equipment (ITE). Equipment 
and systems rated 600 volts or less, normally found in of¬ 
fices or other business establishments and similar environ¬ 
ments classified as ordinary locations, that are used for 
creation and manipulation of data, voice, video, and similar 
signals that are not communications equipment as defined 
in Part I of Article 100 and do not process communications 
circuits as defined in 800.2. 

Information Technology Equipment Room. A room 
within the information technology equipment area that con¬ 
tains the information technology equipment. [75:3.3.9] 
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Remote Disconnect Control. An electric device and cir¬ 
cuit that controls a disconnecting means through a relay or 
equivalent device. 

Zone. A physically identifiable area (such as barriers or 
separation by distance) within an information technology 
equipment room, with dedicated power and cooling sys¬ 
tems for the information technology equipment or systems. 

645.3 Other Articles. Circuits and equipment shall com¬ 
ply with 645.3(A) through (H), as applicable. 

(A) Spread of Fire or Products of Combustion. The pro¬ 
visions of 300.21, 770.26, 800.26, and 820.26 shall apply to 
penetrations of the fire-resistant room boundary. 

(B) Plenums. The provisions of 300.22(C)(1), 725.154(A), 
760.53(B)(2), 760.154(A), 770.113(C), 800.113(C), and 
820.113(C) and Table 770.154(a), Table 800.154(a), and 
Table 820.154(a) shall apply to wiring and cabling in a 
plenum (other space used for environmental air) above an 
information technology equipment room. 

(C) Grounding. The non-current-carrying conductive 
members of optical fiber cables in an information technol 
ogy equipment room shall be grounded in accordance wit! 
770.114. 

(D) Electrical Classification of Data Circuits. The provi 
sions of 725.121(A)(4) shall apply to the elect^ralcnfti 
fication of listed information technology equipment signal¬ 
ing circuits. The provisions of 725.relfeD)(U^HH| 
800.133(A)(1)(b) shall apply to the electrical classiMation 
of Class 2 and Class 3 circuits in the same cable with 
communications circuits. 

(E) Fire Alarm Equipment. 

760 shall apply to fire alarm system; 
an information technology equipment 



f Article 
stalled in 


(H) Cables Not in Information Technology Equipment 
Room. Cables extending beyond the information technol¬ 
ogy equipment room shall be subject to the applicable re¬ 
quirements of this Code. 

645.4 Special Requirements for Information Technol¬ 
ogy Equipment Room. This article shall be permitted to 
provide alternate wiring methods to the provisions of Chap¬ 
ters 1 through 4 for power wiring, Parts I and III of Article 
725 for signaling wiring and Parts I and V of Article 770 
for optical fiber cabling when all of the following condi¬ 
tions are met: 

(I) Disconnecting means complying with 645.30 are pro¬ 
vided. 

(2) A heating/ventilating/air-conditioning (HVAC) system 
is provided in one of the methods identified in 
645.4(2)(a)jor (b). 

a. a separate H VAC system that is dedicated for infer¬ 
ior! technmo^y t equipment use and is separated 
other areas of occupancy 

system tnarserves other occupancies and: 

serves the information technology equip- 
>ent room; and 

vides fire/smoke dampers at the point of pen¬ 
etration of the room boundary; and 

ivates the damper operation upon initiation by 
smoke detector alarms, by operation of the dis¬ 
connecting means required by 645.30, or both 

eption: Where information technology equipment is in¬ 
stalled in a critical operations data system in compliance 
with 645.10(B ), a procedure shall be permitted that con¬ 
trols the cessation of the air circulation within the room or 
zone. 

Informational Note: For further information, see 

NFPA 75-2009, Standard for the Protection of Information 
Technology Equipment , Chapter 10, 10.1, 10.1.1, 10.1.2, 
and 10.1.3. 



(F) Communications Equipment. Parts I, II, III, IV, and 
V of Article 800 shall apply to communications equipment 
installed in an information technology equipment room. Ar¬ 
ticle 645 shall apply to the powering of communications 
equipment in an information technology equipment room. 

Informational Note: See Part I of Article 100, Definitions, 
for a definition of communications equipment. 

(G) Community Antenna Television and Radio Distri¬ 
bution Systems Equipment. Parts I, II, III, IV, and V of 

Article 820 shall apply to community antenna television 
and radio distribution systems equipment installed in an 
information technology equipment room. Article 645 shall 
apply to the powering of community antenna television and 
radio distribution systems equipment installed in an infor¬ 
mation technology equipment room. 


(3) All information technology and communications equip¬ 
ment installed in the room is listed. 

(4) The room is occupied by, and accessible to, only those 
personnel needed for the maintenance and functional 
operation of the installed information technology 
equipment. 

(5) The room is separated from other occupancies by fire- 
resistant-rated walls, floors, and ceilings with protected 
openings. 

Informational Note: For further information on room con¬ 
struction requirements, see NFPA 75-2009, Standard for the 
Protection of Information Technology Equipment, Chapter 
5. 

(6) Only electrical equipment and wiring associated with 
the operation of the information technology room is 
installed in the room. 
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Informational Note: HVAC systems, communications sys¬ 
tems, and monitoring systems such as telephone, fire alarm 
systems, security systems, water detection systems, and 
other related protective equipment are examples of equip¬ 
ment associated with the operation of the information tech¬ 
nology room. 


(1) Supply circuits and interconnecting cables identified 
for future use shall be marked with a tag of sufficient 
durability to withstand the environment involved. 

(2) Supply circuit tags and interconnecting cable tags shall 
have the following information: 


(7) If a raised floor is present, the raised floor is of ap¬ 
proved construction, and the area under the floor is 
accessible. 

(8) If a raised floor is present, ventilation in the underfloor 
area is used for the information technology equipment 
room only, except as provided in 645.4(2). The venti¬ 
lation system shall also be so arranged, with approved 
smoke detection devices, that upon the detection of fire 
or products of combustion in the underfloor space, the 
circulation of air will cease. 

(9) If a raised floor is present, openings for cords and 
cables protect cords and cables against abrasion and 
minimize the entrance of debris beneath the floor. 

645.13 Physical Protection. Where exposed to physical 
damage, supply circuits and interconnecting cables shall be 
protected. 

645.14 Securing in Place. Power cables; community 
cables; connecting cables; interconnecting cables; am 
dated boxes, connectors, plugs, and receptacles th; 
listed as part of, or for, information techno logy equip 
shall not be required to be secured in pi; 

645.15 Grounding. All exposed ^IHpn-currj 
metal parts of an information technology s 
bonded to the equipment grounding conductor or shall be 
double insulated. Where signal reference structures are in¬ 
stalled, they shall be bonded to the equipment grounding 
conductor provided for the information technology equip¬ 
ment. Any auxiliary grounding electrode(s) installed for in¬ 
formation technology equipment shall be installed in accor¬ 
dance with Section 250.54. 



(1) Date identified for future use 

(2) Date of intended use 

(3) Information relating to the intended future use 

II. Power Circuits 

645.20 Uninterruptible Power Supplies (UPSs). Except 
for installations and constructions covered in 645.20(1) or 
(2), UPS systems installed within the information technol¬ 
ogy equipment room, and their supply and output circuits, 
shall comply with 645.30. The disconnecting means shall 
also disconnect the battery from its load. 

allations qualifying under the provisions of Article 
85 

:r sources limited to 750 volt-amperes or less de- 
either from UPS equipment or from battery cir- 
its integral to electronic equipment 


ower Distribution Units. Power distribution 
tlfSt are used for information technology equipment 
e permitted to have multiple panelboards within a 
single cabinet, if the power distribution unit is utilization 
equipment listed for information technology application. 

645.22 Power Systems Grounding. Power systems de¬ 
rived within listed information technology equipment that 
supply information technology systems through receptacles 
or cable assemblies supplied as part of this equipment shall 
not be considered separately derived for the purpose of 
applying 250.30. 

Informational Note: Where isolated grounding-type recep¬ 
tacles are used, see 250.146(D) and 406.3(D). 


Informational Note: The bonding requirements in the 
product standards governing this listed equipment ensure 
that it complies with Article 250. 

645.16 Marking. Each unit of an information technology 
system supplied by a branch circuit shall be provided with 
a manufacturer’s nameplate, which shall also include the 
input power requirements for voltage, frequency, and maxi¬ 
mum rated load in amperes. 

645.18 Abandoned Supply Circuits and Interconnecting 
Cables. The accessible portion of abandoned supply cir¬ 
cuits and interconnecting cables shall be removed unless 
contained in a raceway. 

645.19 Installed Supply Circuits and Interconnecting 
Cables Identified for Future Use. 


645.23 Selective Coordination. Critical operations data 
system(s) overcurrent devices shall be selectively coordi¬ 
nated with all supply side overcurrent protective devices. 

645.25 Engineering Supervision. As an alternative to the 
feeder and service load calculations required by Parts III 
and IV of Article 220, feeder and service load calculations 
for new or existing loads shall be permitted to be used if 
provided by qualified persons under engineering supervi¬ 
sion. 

645.26 Branch-Circuit Conductors. The branch-circuit 
conductors supplying one or more units of information 
technology equipment shall have an ampacity not less than 
125 percent of the total connected load. 
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645.27 Power-Supply Cords. Information technology 
equipment shall be permitted to be connected to a branch 
circuit by a power-supply cord. 

(1) Power-supply cords shall not exceed 4.5 m (15 ft). 

(2) Power cords shall be listed and a type permitted for use 
on listed information technology equipment or shall be 
constructed of listed flexible cord and listed attachment 
plugs and cord connectors of a type permitted for in¬ 
formation technology equipment. 

Informational Note: One method of determining if cords 
are of a type permitted for the purpose is found in UL 
60950-1-2007, Safety of Information Technology Equip¬ 
ment - Safety - Part 1: General Requirements. 


(A) Remote Disconnect Controls. 

(1) Remote disconnect means shall be located at approved 
locations readily accessible in case of fire to authorized 
personnel and emergency responders. 

(2) The remote disconnect means for the control of elec¬ 
tronic equipment power and HVAC systems shall be 
grouped and identified. A single means to control both 
systems shall be permitted. 

(3) Where multiple zones are created, each zone shall have 
an approved means to confine fire or products of com¬ 
bustion to within the zone. 

(4) Additional means to prevent unintentional operation of 
remote disconnect controls shall be permitted. 



645.28 Interconnecting Cables. Separate information 
technology equipment units shall be permitted to be inter¬ 
connected by means of listed cables and cable assemblies. 
The 4.5 m (15 ft) limitation in 645.27(1) shall not apply to 
interconnecting cables. 

645.29 Under Raised Floors. Power cables, connecting 
cables, interconnecting cables, cord-and-plug connections, 
and receptacles associated with the information technology 
equipment installed under a raised floor shall comply with 
(1) through (4): 

(1) The branch-circuit supply conductors to receptacles or 
field-wired equipment are in rigid metal conduit, rigid 
nonmetallic conduit, intermediate metal conduit, elec¬ 
trical metallic tubing electrical nonme 
metal wireway, nonmetallic wireway, surface 
raceway with metal cover, surface no: 
way, flexible metal conduit, liquidtight fl 
conduit, or liquidtight flexible nonmetallic' , conduit. 
Type MI cable. Type MC cab re, or Type AC or Type 
TC cable and associated metallic and nonmetallic 
boxes or enclosures. These si|S|ly conduces shall be 
installed in accordance with the requirements of 
300.11. 

(2) Supply cords of listed information technology equip 
ment in accordance with 645.27 shall be permitted. 

(3) Interconnecting cables shall be enclosed in a raceway. 

(4) Equipment grounding conductors. 

645.30 Disconnecting Means. An approved means shall 
be provided to disconnect power to all electronic equipment 
in the information technology equipment room or in desig¬ 
nated zones within the room. There shall also be a similar 
approved means to disconnect the power to all dedicated 
HVAC systems serving the room or designated zones and 
shall cause all required fire/smoke dampers to close. The 
installation of remote disconnect controls shall be in accor¬ 
dance with (A) through (B). 

Exception: Installations qualifying under the provisions of 
Article 685. 


Informational Note For further information, see 
NFPA 75-2009, Standard for the Protection of Information 
Technology Equipment. 




Data Systems. Remote discon- 
required for critical operations 
when all of tlitvfollowing conditions are met: 
procedure nas been established and main- 
removing power and air movement within 
or zone. 

ersonnel are continuously available to meet 
Responders and to advise them of discon- 
ethods. 

A smoke-sensing fire detection system is in place. 

Informational Note: For further information, see 

^ NFPA 72- 2010, National Fire Alarm and Signaling Code. 

(4) An approved fire suppression system suitable for the 
application is in place. 

(5) Signal wiring under a raised floor is in compliance with 
645.32. 

III. Signaling Circuits. 

645.31 Under Raised Floors—General. The following 

wiring cables shall be permitted: 

(1) Cable type designations shown in Table 645.31. 

(2) Type DP cable having adequate fire-resistant character¬ 
istics suitable for use under raised floors of an informa¬ 
tion technology equipment room. 

Informational Note No. 1: One method of defining fire 
resistance is by establishing that the cables do not spread 
fire to the top of the tray in the “UL Flame Exposure, 
Vertical Tray Flame Test” in UL 1685-2011, Standard for 
Safety for Vertical-Tray Fire-Propagation and Smoke- 
Release Test for Electrical and Optical-Fiber Cables. The 
smoke measurements in the test method are not applicable. 

Another method of defining fire resistance is for the 
damage (char length) not to exceed 1.5 m (4 ft 11 in.) when 
performing the CSA “Vertical Flame Test — Cables in 
Cable Trays,” as described in CSA C22.2 No. 0.3-M- 2001, 
Test Methods for Electrical Wires and Cables. 
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Informational Note No. 2: For information on listing re¬ 
quirements for communications raceways and cable routing 
assemblies, see UL 2024-2011, Signaling, Optical Fiber 
and Communications Raceways and Cable Routing 
Assemblies. 

(3) Listed interconnecting cables, enclosed in a raceway, 
that interconnect separate information technology 
equipment units. 

645.32 Under Raised Floors in a Critical Operations 

Table 645.31 Cable Types Permitted Under Raised Floors 


Article 

Plenum 

Riser 

General Purpose 

336 



TC 

725 

CL2P 
& CL3P 

CL2R & CL3R 

CL2, CL3 & PLTC 

727 



ITC 

760 

NPLFP 
& FPLP 

NPLFR & FPLR 

NPLF & FPL 

770 

OFNP 
& OFCP 

OFNR & OFCR 

OFN & OFC 

800 

CMP 

CMR 

CM & CMG 

820 

CAT VP 

CATVR 

CATV 

Data System. Signal wiring under a ra 
cal operations data system shall be i 
300.22(C), 725.154(A), 770.111^ani 
800.113(C) and Table 800.154(aW^| 
820.154(a). 

ised floor in a criti- 
n compliance with 
d Table 770.154(a), 
10.113(C) and Table 

ARTICLE 646 

Modular Data Centers [ROP 12-147] 


Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 75-2009, Standard 
for the Protection of Information Technology Equipment. 
Only editorial changes were made to the extracted text to 
make it consistent with this Code. 


I. General 

646.1 Scope. This article covers modular data centers. 

Informational Note No. 1: Modular data centers include 
the installed IT and support equipment, electrical supply 
and distribution, wiring and protection, working space, 
grounding, HVAC and the like, located in or associated 
with a modular data center. 


Informational Note No. 2: For further information, see 
NFPA 75-2009, Standard for the Protection of Information 
Technology Equipment , which covers the requirements for 
the protection of information technology equipment and 
information technology equipment areas. 

646.2 Definitions. See Article 100. The definitions in 

645.2 shall apply. For the purposes of this article, the fol¬ 
lowing additional definition applies. 

Modular Data Center (MDC). Prefabricated units rated 
600 volts or less, consisting of an outer enclosure housing 
information technology equipment (ITE) and various sup¬ 
port equipment such as electrical service and distribution 
equipment, HVAC systems and the like. Some configura¬ 
tions may have the support equipment housed in a separate 
enclosure. 

Informational Note No. 1: A typical construction may use 
a standard ISO shipping container or other stmcture as the 
quter enclosure, racks or cabinets of ITE, service entrance 
uipment answer distribution components, power stor¬ 
age such as a UPS and an air or liquid cooling system. 
Modular data centeiT ire intended for fixed installation ei¬ 
ther indoors or outdoors based on their construction and 
sistance to environmental conditions. 

ormational Note No. 2: For information on listing re¬ 
quirements for both information technology equipment and 
Communications equipment, see UL 60950-1-2007, Inf or¬ 
ation Technology Equipment - Safety - Part 1: General 
Requirements. 

646.3 Other Articles. Circuits and equipment shall also 
comply with the following, as applicable. 

(A) Spread of Fire or Products of Combustion. Sections 
300.21, 770.26, 800.26, and 820.26 shall apply to penetra¬ 
tions of a fire-resistant room boundary, if provided. 

(B) Plenums. Sections 300.22(C)(1), 725.154(A), 

760.53(B)(2), 760.154(A), 770.113(C), 800.113(C), and 
820.113(C) and Table 725.154, Table 760.154, Table 
770.154(a), Table 800.154(a) and Table 820.154(a) shall 
apply to wiring and cabling in a plenum (other space used 
for environmental air). Environmentally controlled working 
space, aisles and equipment areas in a MDC are not con¬ 
sidered a plenum. 

(C) Grounding. Grounding and bonding of a modular data 
center shall comply with Article 250. The non-current¬ 
carrying conductive members of optical fiber cables in an 
MDC shall be grounded in accordance with 770.114. 
Grounding and bonding of communications protectors, 
cable shields and non-current-carrying metallic members 
of cable shall comply with Part IV of Article 800. 

(D) Electrical Classification of Data Circuits. Section 
725.121(A)(4) shall apply to the electrical classification of 
listed information technology equipment signaling circuits. 
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Section D(725.139)(l) and A(800.133)(l)(b) shall apply to 
the electrical classification of Class 2 and Class 3 circuits in 
the same cable with communications circuits. 

(E) Fire Alarm Equipment. Parts I, II, and III of Article 
760 shall apply to fire alarm systems equipment installed in 
a MDC, when provided. 

(F) Communications Equipment. Parts I, II, III, IV, and 
V of Article 800 shall apply to communications equipment 
installed in a MDC. 

Informational Note: See Part I of Article 100, Definitions, 
for a definition of communications equipment. 


scribed in 645.5(E) shall be permitted to use the wiring 
methods described in 645.5(E). 

(4) Installation of wiring for remote-control, signaling, and 
power-limited circuits shall comply with Part III Article 
725. 

(5) Installation of optical fiber cables shall comply with 
Part V of Article 770. 

(6) Installation of wiring for fire alarm systems shall com¬ 
ply with Parts II and III of Article 760. 

(7) Installation of communications wires and cables, race¬ 
ways, and cable routing assemblies shall comply with 
Part V of Article 800. 


(G) Community Antenna Television and Radio Distri¬ 
bution Systems Equipment. Parts I, II, III, IV, and V of 

Article 820 shall apply to community antenna television 
and radio distribution systems equipment installed in a 
MDC. 

(H) Storage Batteries. Installation of storage batteries 
shall comply with Article 480. 

Exception: Batteries that are part of listed and labeled 
equipment and installed in accordance with the listing 
requirements. 

(I) Surge-Protective Devices (SPDs). Where provided, 
surge protective devices shall be listed and labeled and 
installed in accordance with Article 285. 

(J) Lighting. Lighting shall be installed :e 

with Article 410. 

(K) Power Distribution Wirin 

distribution wiring and wirin 
shall comply with Article 210 

(L) Wiring Methods and Materials 

(1) Unless modified elsewhere in this article^ wiring meth¬ 
ods and materials for power distribution shall comply 
with Chapter 3. Wiring shall be suitable for its use and 
installation and shall be listed and labeled 

Exception: This requirement shall not apply to wiring that 
is part of listed and labeled equipment. 

(2) The following wiring methods shall not be permitted: 

a. Integrated Gas Spacer Cable: Type IGS (Article 
326) 

b. Concealed Knob-and-Tube Wiring (Article 394) 

c. Messenger-Supported Wiring (Article 396) 

d. Open Wiring on Insulators (Article 398) 

e. Outdoor Overhead Conductors over 600 Volts (Ar¬ 
ticle 399) 

(3) Wiring under raised floors. Areas under a raised floor 
that are constructed and used for ventilation as de¬ 


(8) Alternate wiring methods as permitted by 645.4 are 
permitted for hJ)f)Cs provided all of the conditions 
stated in 645.4 are met. 



(M) Service Equipment. For a MDC that is designed such 
that it mjgkDe powered'from a separate electrical service, 
the service equipment for control and protection of services 
and their insolation shalH^imply with Article 230. The 
service equipment and their arrangement and installation 
shall permit the installation of the service entrance conduc¬ 
tors in accordance with Article 230. Service equipment 
list^i and labeled and marked as being suitable for 
■""e equipment. 




Disconnecting Means. An approved means shall be 
ivided to disconnect power to all electronic equipment in 
MDC in accordance with Section 645.10. There shall 
Iso be a similar approved means to disconnect the power 
to all dedicated HVAC systems serving the MDC and shall 
cause all required fire/smoke dampers to close. 

646.4 Applicable Requirements. All modular data centers 
shall: (A) Be listed and labeled and comply with 646.3(N) 
and 646.5 through 646.9, or (B) Comply with the provi¬ 
sions of this article. 


646.5 Nameplate Data. A permanent nameplate shall be 
attached to the MDC and shall be plainly visible after in¬ 
stallation. The nameplate shall include the following infor¬ 
mation: 

(1) Supply voltage, number of phases, frequency, and full 
load current 

The full-load current shown on the nameplate shall not 
be less than the sum of the full-load currents required 
for all motors and other equipment that may be in op¬ 
eration at the same time under normal conditions of 
use. Where unusual type loads, duty cycles, and so 
forth require oversized conductors or permit reduced- 
size conductors, the required capacity shall be included 
in the marked “full-load current.” Where more than one 
incoming supply circuit is to be provided, the name- 
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plate shall state the preceding information for each cir¬ 
cuit. 

Informational Note: See 430.22(E) and 430.26 for duty 
cycle requirements. 

(2) Short-circuit current rating of the service equipment 
provided as part of the MDC 

Informational Note: This rating may be part of the service 
equipment marking. 

(3) For MDCs powered by a separate service, if the re¬ 
quired service as determined by Article 220 is less than 
the rating of the service panel used, the required service 
shall be included on the nameplate. Branch circuits 
supplying ITE loads are assumed to be loaded no less 
than 80% of the branch circuit rating with a 100% duty 
cycle. As an alternative to the feeder and service load 
calculations required by Parts III and IV of Article 220, 
feeder and service load calculations for new, future or 
existing loads shall be permitted to be used if per¬ 
formed by qualified persons under engineering supervi¬ 
sion. 

(4) Electrical diagram number(s) or the number of the in¬ 
dex to the electrical drawings. 

646.6 Supply Conductors and Overcurrent Protel 

(A) Size. The size of the supply conductor shall be sue' 
to have an ampacity not less than 125 percent of the 
load current rating of all resistance heating loads pi 
125 percent of the full-load current^Ring of the highes 
rated motor plus the sum of the full-lmd current ratings of 
all other connected motors and apparatus, based on their 
duty cycle, that may be in .gfefatioliatThe same time. 



Informational Note No" 1: 
tables of Article 310 for tn 
volts and below. 

Informational Note No. 2: See 
duty cycle requirements. 



volt ampacity 
tors rated 600 


E) and 430.26 for 


(B) Overcurrent Protection. Where furnished as part of 
the MDC, overcurrent protection for each supply circuit 
shall consist of a single circuit breaker or set of fuses, the 
MDC shall be marked “overcurrent protection provided at 
MDC supply terminals” and the supply conductors shall be 
considered either as feeders or as taps as covered by 
240.21. 

The rating or setting of the overcurrent protective de¬ 
vice for the circuit supplying the MDC shall not be greater 
than the sum of the largest rating or setting of the branch- 
circuit short-circuit and ground-fault protective device pro¬ 
vided with the machine, plus 125 percent of the full-load 
current rating of all resistance heating loads, plus the sum 
of the full-load currents of all other motors and apparatus 
that could be in operation at the same time. 


Exception: Where one or more instantaneous trip circuit 
breakers or motor short-circuit protectors are used for mo¬ 
tor branch-circuit short-circuit and ground-fault protection 
as permitted by 430.52(C), the procedure specified in 
670.4(C) for determining the maximum rating of the pro¬ 
tective device for the circuit supplying the machine shall 
apply with the following provision: For the purpose of the 
calculation, each instantaneous trip circuit breaker or mo¬ 
tor short-circuit protector shall be assumed to have a rat¬ 
ing not exceeding the maximum percentage of motor full 
load current permitted by Table 430.52 for the type of ma¬ 
chine supply circuit protective device employed. 

Where no branch-circuit short-circuit and ground-fault 
protective device is provided with the MDC, the rating or 
setting of the overcurrent protective device shall be based 
on 430.52 and 430.53, as applicable. 

it Current Rating. Modular data cen- 
shall not be installed where the available fault current 
xceeds^its short-circuit current rating as marked on the 
DC service equipment. 

646.8 Field Wiring Compartments. .A field-wiring com- 
artment in which service or branch circuit connections are 

ade shall: 

(1) Permit the connection of the supply wires after the 
MDC is installed 

(2) Permit the connection to be introduced and connected 
easily; and 

(3) Be located so that the connections may be readily in¬ 
spected after the MDC is installed 

646.9 Flexible Power Cable. 

(A) Flexible cable shall be permitted to be used for connec¬ 
tions between enclosures of a MDC system. Flexible cords 
or cables shall not be used for connection to the branch 
circuit or electrical service. 

Informational Note: For example, flexible cords may be 
used between an MDC enclosure containing only servers 
and one containing power distribution equipment. 

(B) Where flexible cords or cables are used, they shall be 
listed as suitable for extra-hard usage. Where used out¬ 
doors, flexible cords and cables shall also be listed as suit¬ 
able for wet locations and shall be sunlight resistant. Extra- 
hard usage flexible cords or cables shall be permitted for 
use as permanent wiring between MDC enclosures only 
where not subject to physical damage. 

(C) Single-conductor cable shall be permitted only in sizes 
2 AWG or larger. 
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II. Equipment 

646.10 Electrical Supply and Distribution. Equipment 
used for the electrical supply and distribution in a modular 
data center including fittings, devices, luminaires, appara¬ 
tus, machinery, and the like shall comply with the appro¬ 
priate requirements for its use and installation and shall be 
listed and labeled. 

646.11 Premises Transformers. Premise transformers in¬ 
stalled in the MDC area shall be of the dry type or type 
filled with a noncombustible dielectric medium. 


gency use, shall be supplied by emergency lighting circuits. 
These branch circuits supplying emergency lighting shall 
be installed to provide service from storage batteries, gen¬ 
erator set, UPS, separate service, fuel cell or unit equip¬ 
ment. No other equipment shall be connected to these cir¬ 
cuits, unless the emergency lighting system includes a 
back-up system, where only the lighting is supplied by bat¬ 
tery circuits under power failure conditions. All boxes and 
enclosures (including transfer switches, generators, and 
power panels) for emergency circuits shall be marked to 
identify them as components of an emergency circuit or 
system. 


646.12 Service Entrance Transformers. Service entrance 

transformers shall not be permitted in an MDC. IV. Work Space 


Exception: Service entrance transformers shall be permit¬ 
ted in a separate module or structure intended to house 
only service entrance equipment and power distribution 
and control equipment for the MDC. 

646.13 Receptacles. At least one 125 volt AC, 15 or 20- 
ampere rated duplex convenience outlet shall be provided 
in each work area of the MDC to facilitate the connection 
of test and measurement equipment that may be required 
during routine maintenance and servicing. 

646.14 Other Electrical Equipment. Electrical equipment 
that is an integral part of the MDC including lightji 
trol, power, HVAC (heating, ventilatior 
conditioning), emergency lighting, alarm c*Hits, an e 
like shall comply with the appropriate requl< 
use and installation and shall be listed and 

646.15 Installation and Use. Listed andlabeled equip¬ 
ment shall be installed and used in accordance with any 
instructions or limitations included in the listing 

III. Lighting. 

646.16 General Illumination. Illumination shall be pro¬ 
vided for all workspaces. Areas that are used for exit access 
and exit discharge shall be illuminated to values of at least 
1 ft.-candle (10.8 lux), measured at the floor. The illumina¬ 
tion shall be arranged so that the failure of any single light¬ 
ing unit does not result in an illumination level of less than 
0.2 ft.-candle (2.2 lux). 



646.19 General, A<S Bfess and working space shall be pro¬ 
vided and maintained about all electrical equipment to per¬ 
mit ready and Safe operation and maintenance of such 
equipment. Space aboukelectrical equipment shall comply 
with 110.26. The egress requirements for large equipment 
in 11(^6(C)Q) and personnel door requirements in 
110.26(C)(3) shall apply to an MDC even if the rating of 
the MDC is not 1200 amperes or more or if the MDC does 
not contain overcurrent devices, switching devices or con- 
deviceHinrireas that service personnel may occupy. 

Exception: fThe depth of the workspace shall not be re¬ 
ed to comply with Table 110.26(A)(1) if the equipment 
It marked “WARNING” and “De-energize Equipment be- 
£ Servicing” or the equivalent. 


646.20 Working Space for ITE. 

(A) The working space depth in front of ITE where any live 
parts that may be exposed during routine servicing operate 
at not greater than 30 volts rms, 42 volts peak, or 60 volts 
dc shall not be required to comply with 646.19. 

(B) Any areas of ITE that require servicing of parts that are 
greater than 30 volts rms, 42 volts peak, or 60 volts dc shall 
comply with the workspace requirements of 646.19. 

Informational Note No. 1: For example, field wiring com¬ 
partments for ac mains connections, power distribution 
units, and the like. 

Informational Note No. 2: It is assumed that ITE operates 
at voltages not exceeding 600 V. 


646.17 Emergency Lighting. Areas that are used for exit 
access and exit discharge shall be provided with emergency 
lighting. Emergency lighting systems shall be listed and 
labeled equipment, installed in accordance with the manu¬ 
facturer’s instructions. 

646.18 Emergency Lighting Circuits. No appliances and 
no lamps, other than those specified as required for emer- 


646.21 Work Areas and Working Space Around Batter¬ 
ies. Working space around a battery system shall comply 
with paragraph 110.26. Working clearance shall be mea¬ 
sured from the edge of the battery rack. 

646.22 Work Space for Routine Service and Mainte¬ 
nance. Adequate work space shall be provided for routine 
servicing and maintenance (those tasks involving opera¬ 
tions which can be safely accomplished by employees and 
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where extensive disassembly of equipment is not required). 
Routine servicing and maintenance shall be able to be per¬ 
formed without exposing the worker to a risk of electric 
shock or personal injury. 

Informational Note: An example of such routine mainte¬ 
nance is cleaning or replacing an air filter. 


ARTICLE 647 

Sensitive Electronic Equipment 

647.1 Scope. This article covers the installation and wiring 
of separately derived systems operating at 120 volts line- 
to-line and 60 volts to ground for sensitive electronic 
equipment. 

647.3 General. Use of a separately derived 120-volt 
single-phase 3-wire system with 60 volts on each of two 
ungrounded conductors to a grounded neutral conductor 
shall be permitted for the purpose of reducing objectionable 
noise in sensitive electronic equipment locations, provided 
the following conditions apply: 

(1) The system is installed only in commercial or ind 
occupancies. 

(2) The system’s use is restricted to are: fclose su 

pervision by qualified personnel. 

(3) All of the requirements in 647.4 

647.4 Wiring Methods. 

(A) Panelboards and 0vercurrent Protection. Use of 

standard single-phase panelboards and distribution equip¬ 
ment with a higher voltage rating shalhbe permitted. The 
system shall be clearly marked on the face of the panel or 
on the inside of the panel doors. Common trip two-pole 
circuit breakers or a combination two-pole fused discon¬ 
necting means that are identified for use at the system volt¬ 
age shall be provided for both ungrounded conductors in all 
feeders and branch circuits. Branch circuits and feeders 
shall be provided with a means to simultaneously discon¬ 
nect all ungrounded conductors. 

(B) Junction Boxes. All junction box covers shall be 
clearly marked to indicate the distribution panel and the 
system voltage. 

(C) Conductor Identification. All feeders and branch- 
circuit conductors installed under this section shall be iden¬ 
tified as to system at all splices and terminations by color, 
marking, tagging, or equally effective means. The means of 
identification shall be posted at each branch-circuit panel- 
board and at the disconnecting means for the building. 



(D) Voltage Drop. The voltage drop on any branch circuit 
shall not exceed 1.5 percent. The combined voltage drop of 
feeder and branch-circuit conductors shall not exceed 
2.5 percent. 

(1) Fixed Equipment. The voltage drop on branch circuits 
supplying equipment connected using wiring methods in 
Chapter 3 shall not exceed 1.5 percent. The combined volt¬ 
age drop of feeder and branch-circuit conductors shall not 
exceed 2.5 percent. 

(2) Cord-Connected Equipment. The voltage drop on 
branch circuits supplying receptacles shall not exceed 
1 percent. For the purposes of making this calculation, the 
load connected to the receptacle outlet shall be considered 
to be 50 percent of the branch-circuit rating. The combined 
voltage drop of feeder and branch-circuit conductors shall 
not exceed 2.0 percent. 

InformatiorfSBfote: The purpose of this provision is to 
it voltage drop to 1.5 percent where portable cords may 
>e used as a means of connecting equipment. 


hree-Phase Systems. Where 3-phase power is sup- 
a separately derived 6-phase “wye” system with 60 
ground installed under this article shall be conhg- 
ree separately derived 120-volt single-phase sys- 
aving a combined total of no more than six discon- 



647.6 Grounding. 


(A) General. The transformer secondary center tap of the 
60/120 volt, 3-wire system shall be grounded as provided in 
250.30. [ROP 12-148] 

(B) Grounding Conductors Required. Permanently 
wired utilization equipment and receptacles shall be 
grounded by means of an equipment grounding conductor 
run with the circuit conductors to an equipment grounding 
bus prominently marked “Technical Equipment Ground” in 
the originating branch-circuit panelboard. The grounding 
bus shall be connected to the grounded conductor on the 
line side of the separately derived system’s disconnecting 
means. The grounding conductor shall not be smaller than 
that specified in Table 250.122 and run with the feeder 
conductors. The technical equipment grounding bus need 
not be bonded to the panelboard enclosure. Other ground¬ 
ing methods authorized elsewhere in this Code shall be 
permitted where the impedance of the grounding return 
path does not exceed the impedance of equipment ground¬ 
ing conductors sized and installed in accordance with this 
article. 

Informational Note No. 1: See 250.122 for equipment 
grounding conductor sizing requirements where circuit con¬ 
ductors are adjusted in size to compensate for voltage drop. 
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Informational Note No. 2: These requirements limit the 
impedance of the ground fault path where only 60 volts 
apply to a fault condition instead of the usual 120 volts. 

647.7 Receptacles. 

(A) General. Where receptacles are used as a means of 
connecting equipment, the following conditions shall be 
met: 

(1) All 15- and 20-ampere receptacles shall be GFCI pro¬ 
tected. 

(2) All receptacle outlet strips, adapters, receptacle covers, 
and faceplates shall be marked with the following 
words or equivalent: 

WARNING — TECHNICAL POWER 
Do not connect to lighting equipment. 

For electronic equipment use only. 

60/120 V. l<)ac 
GFCI protected 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 12-149] 

(3) A 125-volt, single-phase, 15- or 20-ampere-rated recep¬ 
tacle having one of its current-carrying poles connected 
to a grounded circuit conductor shall be located within 
1.8 m (6 ft) of all permanently installed 15- or 20- 
ampere-rated 60/120-volt technical power-system re¬ 
ceptacles. 

(4) All 125-volt receptacles used for 60/120-volt technical 
power shall have a unique configuration and be identi¬ 
fied for use with this class of system. 

Exception: Receptacles and attachment plugs'' rat eel 125- 
volt, single-phase, 15- or 20-am/mres, ann that are identi¬ 
fied for use with grounded circuit conductors^mall be per¬ 
mitted in machine rooms, contri^mooms, equipment rooms, 
equipment racks, and other similar mjeations that are re¬ 
stricted to use by qualified personnel 

(B) Isolated Ground Receptacles. Isolat£5 ground recep¬ 
tacles shall be permitted as described in 250.146(D); how¬ 
ever, the branch-circuit equipment grounding conductor 
shall be terminated as required in 647.6(B). 

647.8 Lighting Equipment. Lighting equipment installed 
under this article for the purpose of reducing electrical 
noise originating from lighting equipment shall meet the 
conditions of 647.8(A) through (C). 

(A) Disconnecting Means. All luminaires connected to 
separately derived systems operating at 60 volts to ground, 
and associated control equipment if provided, shall have a 
disconnecting means that simultaneously opens all un¬ 
grounded conductors. The disconnecting means shall be lo¬ 
cated within sight of the luminaire or be lockable open in 
accordance with 110.25. [ROP 12-150] 


(B) Luminaires. All luminaires shall be permanently in¬ 
stalled and listed for connection to a separately derived 
system at 120 volts line-to-line and 60 volts to ground. 

(C) Screw Shell. Luminaires installed under this section 
shall not have an exposed lamp screw shell. 


ARTICLE 650 
Pipe Organs 


650.1 Scope. This article covers those electrical circuits 
and parts of electrically operated pipe organs that are em¬ 
ployed for the con|foi of the sounding apparatus and key¬ 
boards. 

650.3 rticltl 

(A) Electronic Organ Equipment. Installations of 
digital/analog-sampled sound production technology and 
asserciated audio signal processing, amplification, reproduc¬ 
tion equipment, and wiring installed as part of a pipe organ 
lall be in accordance with Article 640. 


ues shal 


T iber Cable. Installations of optical fiber 
be in accordance with Parts I and V of Article 


9.4 Source of Energy. The source of power shall be a 
'’transformer-type rectifier, the dc potential of which shall 
not exceed 30 volts dc. 

650.5 Grounding. The rectifier shall be bonded to the 
equipment grounding conductor according to the provisions 
in Article 250, Parts V, VI, VII, and VIII. 


650.6 Conductors. Conductors 
650.6(A) through (D). 


shall comply with 


(A) Size. Conductors shall be not less than 28 AWG for 
electronic signal circuits and not less than 26 AWG for 
electromagnetic valve supply and the like. A main 
common-return conductor in the electromagnetic supply 
shall not be less than 14 AWG. 

(B) Insulation. Conductors shall have thermoplastic or 
thermosetting insulation. 

(C) Conductors to Be Cabled. Except for the common- 
return conductor and conductors inside the organ proper, 
the organ sections and the organ console conductors shall 
be cabled. The common-return conductors shall be permit¬ 
ted under an additional covering enclosing both cable and 
return conductor, or they shall be permitted as a separate 
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conductor and shall be permitted to be in contact with the 
cable. 


tions, 7910 Woodmont Ave., Suite 1016, Bethesda, MD 
20814. 


(D) Cable Covering. Each cable shall be provided with an 
outer covering, either overall or on each of any subassem¬ 
blies of grouped conductors. Tape shall be permitted in 
place of a covering. Where not installed in metal raceway, 
the covering shall be resistant to flame spread, or the cable 
or each cable subassembly shall be covered with a closely 
wound listed fireproof tape. 


660.2 Definitions. 

Long-Time Rating. A rating based on an operating interval 
of 5 minutes or longer. 

Mobile. X-ray equipment mounted on a permanent base 
with wheels and/or casters for moving while completely 
assembled. 


Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-1 (vertical-wire) flame test in the ANSI/UL 1581-2011, 
Reference Standard for Electrical Wires, Cables and Flex¬ 
ible Cords. [ROP 12-19] 

650.7 Installation of Conductors. Cables shall be se¬ 
curely fastened in place and shall be permitted to be at¬ 
tached directly to the organ structure without insulating 
supports. Cables shall not be placed in contact with other 
conductors. Abandoned cables that are not terminated at 
equipment shall be identified with a tag. 


650.8 Overcurrent Protection. Circuits shall be so 
ranged that 26 AWG and 28 AWG conductors s’ 
protected by an overcurrent device rated at not more 
amperes. Other conductor sizes shall be protected in 
dance with their ampacity. A common return conduit 
shall not require overcurrent protection. 



I. General 

660.1 Scope. This article covers a IPX-ray equipment oper¬ 
ating at any frequency or voltage for industrial or other 
nonmedical or nondental use. 

Informational Note: See Article 517, Part V, for X-ray 
installations in health care facilities. 

Nothing in this article shall be construed as specifying 
safeguards against the useful beam or stray X-ray radiation. 


Momentary Rating. A rating based on an operating inter¬ 
val that does not exceed 5 seconds. 

Portable. X-ray equipment designed to be hand-carried. 


Transportable 

vehicle or tfc 
a vehicle 



X-ray equipment that is to be installed in a 
ay be readily disassembled for transport in 


lazardous (Classified) Locations. Unless identi- 
Tor the location. X-ray and related equipment shall not 
Be instated or operated in hazardous (classified) locations. 

See Article 517, Part IV. 


Connection to Supply Circuit. 

Jmid and Stationary Equipment. Fixed and station- 
-ray equipment shall be connected to the power sup¬ 
ply by means of a wiring method meeting the general re¬ 
quirements of this Code. Equipment properly supplied by a 
branch circuit rated at not over 30 amperes shall be permit¬ 
ted to be supplied through a suitable attachment plug cap 
and hard-service cable or cord. 

(B) Portable, Mobile, and Transportable Equipment. 

Individual branch circuits shall not be required for portable, 
mobile, and transportable X-ray equipment requiring a ca¬ 
pacity of not over 60 amperes. Portable and mobile types of 
X-ray equipment of any capacity shall be supplied through 
a suitable hard-service cable or cord. Transportable X-ray 
equipment of any capacity shall be permitted to be con¬ 
nected to its power supply by suitable connections and 
hard-service cable or cord. 

(C) Over 1000 Volts, Nominal. Circuits and equipment 
operated at more than 1000 volts, nominal, shall comply 
with Article 490. [ROP 12-152] 


Informational Note No. 1: Radiation safety and perfor¬ 
mance requirements of several classes of X-ray equipment 
are regulated under Public Law 90-602 and are enforced by 
the Department of Health and Human Services. 

Informational Note No. 2: In addition, information on ra¬ 
diation protection by the National Council on Radiation 
Protection and Measurements is published as Reports of the 
National Council on Radiation Protection and Measure¬ 
ment. These reports can be obtained from NCRP Publica- 


660.5 Disconnecting Means. A disconnecting means of 
adequate capacity for at least 50 percent of the input re¬ 
quired for the momentary rating, or 100 percent of the input 
required for the long-time rating, of the X-ray equipment, 
whichever is greater, shall be provided in the supply circuit. 
The disconnecting means shall be operable from a location 
readily accessible from the X-ray control. For equipment 
connected to a 120-volt, nominal, branch circuit of 30 am- 
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peres or less, a grounding-type attachment plug cap and 
receptacle of proper rating shall be permitted to serve as a 
disconnecting means. 

660.6 Rating of Supply Conductors and Overcurrent 
Protection. 

(A) Branch-Circuit Conductors. The ampacity of supply 
branch-circuit conductors and the overcurrent protective 
devices shall not be less than 50 percent of the momentary 
rating or 100 percent of the long-time rating, whichever is 
greater. 

(B) Feeder Conductors. The rated ampacity of conductors 
and overcurrent devices of a feeder for two or more branch 
circuits supplying X-ray units shall not be less than 
100 percent of the momentary demand rating [as deter¬ 
mined by 660.6(A)] of the two largest X-ray apparatus plus 
20 percent of the momentary ratings of other X-ray appa¬ 
ratus. 

Informational Note: The minimum conductor size for 
branch and feeder circuits is also governed by voltage regu¬ 
lation requirements. For a specific installation, the manu¬ 
facturer usually specifies minimum distribution transformer 
and conductor sizes, rating of disconnect means, and over- 
current protection. 

660.7 Wiring Terminals. X-ray equipment not provided 
with a permanently attached cord or cord set shall be pro 
vided with suitable wiring terminals or leads for the 
nection of power-supply conductors of the size require y 
the rating of the branch circuit for the equipment. 



660.9 Minimum Size of Conductors. Size 18 AWG or 16 

AWG fixture wires, as specified in 725.49, And flexible 
cords shall be permitted for the control and operating cir¬ 
cuits of X-ray and auxiliary equipment where protected by 
not larger than 20-ampere overcurreint .de vices 

660.10 Equipment Installations. All equipment for new 
X-ray installations and all used or reconditioned X-ray 
equipment moved to and reinstalled at a new location shall 
be of an approved type. 


vice, shall be provided to control the load resulting from 
failures in the high-voltage circuit. 

660.21 Portable and Mobile Equipment. Portable and 
mobile equipment shall comply with 660.20, but the manu¬ 
ally controlled device shall be located in or on the equip¬ 
ment. 

660.23 Industrial and Commercial Laboratory Equip¬ 
ment. 

(A) Radiographic and Fluoroscopic Types. All 

radiographic- and fluoroscopic-type equipment shall be ef¬ 
fectively enclosed or shall have interlocks that de-energize 
the equipment automatically to prevent ready access to live 
current-carrying part^ 

(B) Diffraction and Irradiation Types. Diffraction- and 
irradiation-type equipment or installations not effectively 
enclosed cm: mit provided with interlocks to prevent access 
to uninMRed live parts during operation shall be provided 
with a positive means to indicate when they are energized. 
The indicatapbhall be a pilot light, readable meter deflec¬ 
tion, or equivalent means. 

.24 Independent Control. Where more than one piece 
gnris operated from the same high-voltage cir- 
ece or each group of equipment as a unit shall 
provided with a high-voltage switch or equivalent dis- 
'nnecting means. This disconnecting means shall be con- 
cted, enclosed, or located so as to avoid contact by 
ersons with its live parts. 

III. Transformers and Capacitors 

660.35 General. Transformers and capacitors that are part 
of an X-ray equipment shall not be required to comply with 
Articles 450 and 460. 

660.36 Capacitors. Capacitors shall be mounted within 
enclosures of insulating material or grounded metal. 



II. Control 

660.20 Fixed and Stationary Equipment. 

(A) Separate Control Device. A separate control device, 
in addition to the disconnecting means, shall be incorpo¬ 
rated in the X-ray control supply or in the primary circuit to 
the high-voltage transformer. This device shall be a part of 
the X-ray equipment but shall be permitted in a separate 
enclosure immediately adjacent to the X-ray control unit. 


IV. Guarding and Grounding 
660.47 General. 

(A) High-Voltage Parts. All high-voltage parts, including 
X-ray tubes, shall be mounted within grounded enclosures. 
Air, oil, gas, or other suitable insulating media shall be used 
to insulate the high voltage from the grounded enclosure. 
The connection from the high-voltage equipment to X-ray 
tubes and other high-voltage components shall be made 
with high-voltage shielded cables. 


(B) Protective Device. A protective device, which shall be (B) Low-Voltage Cables. Low-voltage cables connecting 

permitted to be incorporated into the separate control de- to oil-filled units that are not completely sealed, such as 
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transformers, condensers, oil coolers, and high-voltage 
switches, shall have insulation of the oil-resistant type. 

660.48 Grounding. Non-current-carrying metal parts of 
X-ray and associated equipment (controls, tables, X-ray 
tube supports, transformer tanks, shielded cables, X-ray 
tube heads, and so forth) shall be grounded in the manner 
specified in Article 250. Portable and mobile equipment 
shall be provided with an approved grounding-type attach¬ 
ment plug cap. 

Exception: Battery-operated equipment. 


ARTICLE 665 

Induction and Dielectric Heating 
Equipment 

I. General 

665.1 Scope. This article covers the construction and in¬ 
stallation of dielectric heating, induction heating, induction 
melting, and induction welding equipment and accessories 
for industrial and scientific applications. Medical or 
applications, appliances, or line frequency pipeline am 
sel heating are not covered in this article. 


Informational Note: See Article 427 
quency induction heating of pipeline; 


665.2 Definitions. 

Applicator. The device used to trans' 
output circuit and the object or mass tl 

12-154] 



ergy between the 
; e heired. [ROP 


Converting Device. That part of the beating equipment 
that converts input mechanical or electrical energy to the 
voltage, current, and frequency used for the heating appli¬ 
cator. A converting device consists of equipment using 
mains frequency, all static multipliers, oscillator-type units 
using vacuum tubes, inverters using solid-state devices, or 
motor generator equipment. [ROP 12-153] 

Dielectric Heating. Heating of a nominally insulating ma¬ 
terial due to its own dielectric losses when the material is 
placed in a varying electric field. 

Heating Equipment. As used in this article, any equipment 
that is used for heating purposes and whose heat is gener¬ 
ated by induction or dielectric methods. 

Induction Heating, Melting, and Welding. The heating, 
melting, or welding of a nominally conductive material due 
to its own I 2 R losses when the material is placed in a 
varying electromagnetic field. 


665.7 Re 



665.4 Hazardous (Classified) Locations. Heating equip¬ 
ment shall not be installed in hazardous (classified) loca¬ 
tions as defined in Article 500 unless the equipment and 
wiring are designed and approved for the hazardous (clas¬ 
sified) locations. 

665.5 Output Circuit. The output circuit shall include all 
output components external to the converting device, in¬ 
cluding contactors, switches, busbars, and other conductors. 
The current flow from the output circuit to ground under 
operating and ground-fault conditions shall be limited to a 
value that does not cause 50 volts or more to ground to 
appear on any accessible part of the heating equipment and 
its load. The output circuit shall be permitted to be isolated 
from ground. 


Control. 


tiple Control Points. Where multiple control 
's are used for applicator energization, a means shall be 
Tivided and interlocked so that the applicator can be en¬ 
ergized from only one control point at a time. A means for 
gizing the applicator shall be provided at each con- 
Kpoint. 

Switches. Switches operated by foot pressure 
>e provided with a shield over the contact button to 
avoid accidental closing of a foot switch. 

665.10 Ampacity of Supply Conductors. The ampacity 
of supply conductors shall be determined by 665.10(A) or 
(B). 

(A) Nameplate Rating. The ampacity of conductors sup¬ 
plying one or more pieces of equipment shall be not less 
than the sum of the nameplate ratings for the largest group 
of machines capable of simultaneous operation, plus 
100 percent of the standby currents of the remaining ma¬ 
chines. Where standby currents are not given on the name¬ 
plate, the nameplate rating shall be used as the standby 
current. 

(B) Motor-Generator Equipment. The ampacity of sup¬ 
ply conductors for motor-generator equipment shall be de¬ 
termined in accordance with Article 430, Part II. 

665.11 Overcurrent Protection. Overcurrent protection 
for the heating equipment shall be provided as specified in 
Article 240. This overcurrent protection shall be permitted 
to be provided separately or as a part of the equipment. 

665.12 Disconnecting Means. A readily accessible dis¬ 
connecting means shall be provided to disconnect each 
heating equipment from its supply circuit. The disconnect¬ 
ing means shall be located within sight from the controller 
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or be lockable open in accordance with 110.25. [ROP 12- 
155] 

The rating of this disconnecting means shall not be less 
than the nameplate rating of the heating equipment. Motor- 
generator equipment shall comply with Article 430, Part 
IX. The supply circuit disconnecting means shall be permit¬ 
ted to serve as the heating equipment disconnecting means 
where only one heating equipment is supplied. 

II. Guarding, Grounding, and Labeling 

665.19 Component Interconnection. The interconnection 
components required for a complete heating equipment in¬ 
stallation shall be guarded. 

665.20 Enclosures. The converting device (excluding the 
component interconnections) shall be completely contained 
within an enclosure(s) of noncombustible material. 

665.21 Control Panels. All control panels shall be of 
dead-front construction. 

665.22 Access to Internal Equipment. Access doors or 
detachable access panels shall be employed for internal ac¬ 
cess to heating equipment. Access doors to internal com-, 
partments containing equipment employing voltages from 
150 volts to 1000 volts ac or dc shall be capable of being 
locked closed or shall be interlocked to prevent the supply 
circuit from being energized while the door(s) is rf'ciL The 
provision for locking or adding a lock to the access d»rs 
shall be installed on or at the access door and shall remain 
in place with or without the lock ins talled. 

Access doors to internal cmnpartments cwnfetining 
equipment employing voltages exceeding 1000 volts ac.or 
dc shall be provided with a disconnecting means equipped 
with mechanical lockouts to prevent access while the heat¬ 
ing equipment is energized, or the access dgjprs shall be 
capable of being locked closed and interlocked to prevent 
the supply circuit from being energized while the door(s) is 
open. Detachable panels not normally used for access to 
such parts shall be fastened in a manner that makes them 
inconvenient to remove. 

665.23 Warning Labels or Signs. Warning labels or signs 
that read “DANGER — HIGH VOLTAGE — KEEP OUT” 
shall be attached to the equipment and shall be plainly 
visible where persons might come in contact with energized 
parts when doors are open or closed or when panels are 
removed from compartments containing over 150 volts ac 
or dc. The warning sign(s) or label(s) shall comply with 
110.21(B). [ROP 12-158] 

665.24 Capacitors. The time and means of discharge shall 
be in accordance with 460.6 for capacitors rated 600 volts, 
nominal, and under. The time and means of discharge shall 


be in accordance with 460.28 for capacitors rated over 600 
volts, nominal. Capacitor internal pressure switches con¬ 
nected to a circuit-interrupter device shall be permitted for 
capacitor overcurrent protection. 

665.25 Dielectric Heating Applicator Shielding. Protec¬ 
tive cages or adequate shielding shall be used to guard 
dielectric heating applicators. Interlock switches shall be 
used on all hinged access doors, sliding panels, or other 
easy means of access to the applicator. All interlock 
switches shall be connected in such a manner as to remove 
all power from the applicator when any one of the access 
doors or panels is open. 

665.26 Grounding and Bonding. Bonding to the equip¬ 
ment grounding conductor or inter-unit bonding, or both, 
shall be used wherever required for circuit operation, and 
for limiting to a safe value radio frequency voltages be¬ 
tween all exposed non-current-carrying parts of the equip¬ 
ment and earth grourm, hetween all equipment parts and 
surrounding objects, and between such objects and earth 
ground. Suctutonnection tcrthe equipment grounding con¬ 
ductor and Bonding shall be installed in accordance with 
Article 25Ch Parts II and V. 


665.27 Marking. Each heating equipment shall be pro¬ 
vided with a nameplate giving the manufacturer’s name and 
model identification and the following input data: line 
volts, frequency, number of phases, maximum current, full¬ 
load kilovolt-amperes (kVA), and full-load power factor. 
Additional data shall be permitted. 


ARTICLE 668 
Electrolytic Cells 

668.1 Scope. The provisions of this article apply to the 
installation of the electrical components and accessory 
equipment of electrolytic cells, electrolytic cell lines, and 
process power supply for the production of aluminum, cad¬ 
mium, chlorine, copper, fluorine, hydrogen peroxide, mag¬ 
nesium, sodium, sodium chlorate, and zinc. 

Not covered by this article are cells used as a source of 
electric energy and for electroplating processes and cells 
used for the production of hydrogen. 

Informational Note No. 1: In general, any cell line or 
group of cell lines operated as a unit for the production of a 



Informational Note: Under certain conditions, contact be- 
Ihe object being heated and the applicator results in 
fe condition, such as eruption of heated materials. 
Grounding of the object being heated and ground detection 
can be used to prevent this unsafe condition. [ROP 
,12-158a] 
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particular metal, gas, or chemical compound may differ 
from any other cell lines producing the same product be¬ 
cause of variations in the particular raw materials used, 
output capacity, use of proprietary methods or process prac¬ 
tices, or other modifying factors to the extent that detailed 
Code requirements become overly restrictive and do not 
accomplish the stated purpose of this Code. 

Informational Note No. 2: For further information, see 
IEEE 463-1993, Standard for Electrical Safety Practices in 
Electrolytic Cell Line Working Zones. 

668.2 Definitions. 


(C) Electrolytic Cell Lines. Electrolytic cell lines shall 
comply with the provisions of Chapters 1 through 4 except 
as amended in 668.3(C)(1) through (C)(4). 

(1) Conductors. The electrolytic cell line conductors shall 
not be required to comply with the provisions of Articles 
110, 210, 215, 220, and 225. See 668.11. 

(2) Overcurrent Protection. Overcurrent protection of 
electrolytic cell dc process power circuits shall not be re¬ 
quired to comply with the requirements of Article 240. 


Cell Line. An assembly of electrically interconnected elec¬ 
trolytic cells supplied by a source of direct-current power. 

Cell Line Attachments and Auxiliary Equipment. As ap¬ 
plied to this article, a term that includes, but is not limited 
to, auxiliary tanks; process piping; ductwork; structural 
supports; exposed cell line conductors; conduits and other 
raceways; pumps, positioning equipment, and cell cutout or 
bypass electrical devices. Auxiliary equipment includes 
tools, welding machines, crucibles, and other portable 
equipment used for operation and maintenance within the 
electrolytic cell line working zone. 

In the cell line working zone, auxiliary equipment. in 
eludes the exposed conductive surfaces of ungn 
cranes and crane-mounted cell-servicing equipment. 

Electrically Connected. A connection capable of carr; 
current as distinguished from connection through electr' 
magnetic induction. 


Electrolytic Cell. A tank or vat in wt 
reactions are caused by applying elec 
purpose of refining or producing usarflg 

Electrolytic Cell Line 1 

wherein operation or maintenance is ng 
on or in the vicinity of exposed energ 
trolytic cell lines or their attachment? 


ctrochemii 
aergy for the 

space envelope 
Tally performed 
surfaces of elec- 


(3) Grounding. Equipment located or used within the 
electrolytic cell line working zone or associated with the 
cell line direct-current power circuits shall not be required 
to comply with the provisions of Article 250. 




(4) Worki 

ments, 
with! 
comply 


one. The electrolytic cells, cell line attach- 
wiring of auxiliary equipment and devices 
ne working zone shall not be required to 
visions of Articles 110, 210, 215, 220, 


ational Note: See 668.15 for equipment, apparatus, 
structural component grounding. 


668^0 Cell Line Working Zone. 

rea Covered. The space envelope of the cell line 
working zone shall encompass spaces that meet any of the 
following conditions: 

(1) Is within 2.5 m (96 in.) above energized surfaces of 
electrolytic cell lines or their energized attachments 

(2) Is below energized surfaces of electrolytic cell lines or 
their energized attachments, provided the headroom in 
the space beneath is less than 2.5 m (96 in.) 

(3) Is within 1.0 m (42 in.) horizontally from energized 
surfaces of electrolytic cell lines or their energized at¬ 
tachments or from the space envelope described in 
668.10(A)(1) or (A)(2) 


668.3 Other Articles. 

(A) Lighting, Ventilating, Material Handling. Chapters 1 
through 4 shall apply to services, feeders, branch circuits, 
and apparatus for supplying lighting, ventilating, material 
handling, and the like that are outside the electrolytic cell 
line working zone. 

(B) Systems Not Electrically Connected. Those elements 
of a cell line power-supply system that are not electrically 
connected to the cell supply system, such as the primary 
winding of a two-winding transformer, the motor of a 
motor-generator set, feeders, branch circuits, disconnecting 
means, motor controllers, and overload protective equip¬ 
ment, shall be required to comply with all applicable pro¬ 
visions of this Code. 


(B) Area Not Covered. The cell line working zone shall 
not be required to extend through or beyond walls, floors, 
roofs, partitions, barriers, or the like. 

668.11 Direct-Current Cell Line Process Power Supply. 

(A) Not Grounded. The direct-current cell line process 
power-supply conductors shall not be required to be 
grounded. 

(B) Metal Enclosures Grounded. All metal enclosures of 
power-supply apparatus for the direct-current cell line pro¬ 
cess operating at a power-supply potential between termi¬ 
nals of over 50 volts shall be grounded by either of the 
following means: 

(1) Through protective relaying equipment 
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ARTICLE 668 — ELECTROLYTIC CELLS 


(2) By a minimum 2/0 AWG copper grounding conductor 
or a conductor of equal or greater conductance 

(C) Grounding Requirements. The grounding connec¬ 
tions required by 668.11(B) shall be installed in accordance 
with 250.8, 250.10, 250.12, 250.68, and 250.70. 


Exception No. 1: Where the celI line voltage does not 
exceed 200 volts dc, these frames and enclosures shall be 
permitted to be grounded. 

Exception No. 2: These frames and enclosures shall be 
permitted to be grounded where guarded. 


668.12 Cell Line Conductors. 

(A) Insulation and Material. Cell line conductors shall be 
either bare, covered, or insulated and of copper, aluminum, 
copper-clad aluminum, steel, or other suitable material. 

(B) Size. Cell line conductors shall be of such cross- 
sectional area that the temperature rise under maximum 
load conditions and at maximum ambient shall not exceed 
the safe operating temperature of the conductor insulation 
or the material of the conductor supports. 

(C) Connections. Cell line conductors shall be joined by 
bolted, welded, clamped, or compression connectors. 

668.13 Disconnecting Means. 

(A) More Than One Process Power Supply. Where more 
than one direct-current cell line process power supply 
serves the same cell line, a disconnecting means shall be' 
provided on the cell line circuit side of each power supply 
to disconnect it from the cell line circuit. 

(B) Removable Links or Conductors. Re 

or removable conductors shall be permittee 
the disconnecting means. 

668.14 Shunting Means. 

(A) Partial or Total Shuntin: 

cell line circuit current around 
permitted. 


(B) Shunting One or More Cells. The conductors, 
switches, or combination of conductors and switches used 
for shunting one or more cells shall comply with the appli¬ 
cable requirements of 668.12. 


(B) Isolating Transformers. Electrically powered, hand¬ 
held, cord-connected portable equipment with ungrounded 
frames or enclosures used within the cell line working zone 
shall be connected to receptacle circuits that have only un¬ 
grounded conductors such as a branch circuit supplied by 
an isolating transformer with an ungrounded secondary. 

(C) Marking. Ungrounded portable electrical equipment 
shall be distinctively marked and shall employ plugs and 
receptacles of a configuration that prevents connection of 
this equipment toggrounding receptacles and that prevents 
inadvertent interchange of ungrounded and grounded por¬ 
table electrical equipments. 


668.21 ver-Supply 

table rical EquipmeiS 



tits and Receptacles for Por- 


(A) 

groundi 
nt shall 




partial or total shunting of 
kor more cells shall be 


Circuits. Circuits supplying power to un- 
^eptacles for hand-held, cord-connected equip- 
ectrically isolated from any distribution sys- 
areas other than the cell line working zone 
ungrounded. Power for these circuits shall be 
through isolating transformers. Primaries of such 
nsformers shall operate at not more than 1000 volts be¬ 
en conductors and shall be provided with proper over- 
urrent protection. The secondary voltage of such trans¬ 
formers shall not exceed 300 volts between conductors, and 
all circuits supplied from such secondaries shall be un¬ 
grounded and shall have an approved overcurrent device of 
proper rating in each conductor. [ROP 12-160] 

(B) Noninterchangeability. Receptacles and their mating 
plugs for ungrounded equipment shall not have provision 
for a grounding conductor and shall be of a configuration 
that prevents their use for equipment required to be 
grounded. 


668.15 Grounding. For equipment, apparatus, and struc¬ 
tural components that are required to be grounded by pro¬ 
visions of Article 668, the provisions of Article 250 shall 
apply, except a water pipe electrode shall not be required to 
be used. Any electrode or combination of electrodes de¬ 
scribed in 250.52 shall be permitted. 

668.20 Portable Electrical Equipment. 

(A) Portable Electrical Equipment Not to Be 
Grounded. The frames and enclosures of portable electri¬ 
cal equipment used within the cell line working zone shall 
not be grounded. 


(C) Marking. Receptacles on circuits supplied by an iso¬ 
lating transformer with an ungrounded secondary shall be a 
distinctive configuration, shall be distinctively marked, and 
shall not be used in any other location in the plant. 

668.30 Fixed and Portable Electrical Equipment. 

(A) Electrical Equipment Not Required to Be 
Grounded. Alternating-current systems supplying fixed 
and portable electrical equipment within the cell line work¬ 
ing zone shall not be required to be grounded. 

(B) Exposed Conductive Surfaces Not Required to Be 
Grounded. Exposed conductive surfaces, such as electrical 
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ARTICLE 669 — ELECTROPLATING 


669.8 


equipment housings, cabinets, boxes, motors, raceways, 
and the like, that are within the cell line working zone shall 
not be required to be grounded. 

(C) Wiring Methods. Auxiliary electrical equipment such 
as motors, transducers, sensors, control devices, and 
alarms, mounted on an electrolytic cell or other energized 
surface, shall be connected to premises wiring systems by 
any of the following means: 

(1) Multiconductor hard usage cord. 

(2) Wire or cable in suitable raceways or metal or nonme- 
tallic cable trays. If metal conduit, cable tray, armored 
cable, or similar metallic systems are used, they shall 
be installed with insulating breaks such that they do not 
cause a potentially hazardous electrical condition. 


ARTICLE 669 
Electroplating 


669.1 Scope. The provisions of this article apply to the 
installation of the electrical components and accessory 
equipment that supply the power and controls for electro¬ 
plating, anodizing, electropolishing, and electrostripping. 
For purposes of this article, the term electroplating shall be 
used to identify any or all of these processes. 

669.3 General. Equipment for use in electroplating pro¬ 
cesses shall be identified for such service. 


(D) Circuit Protection. Circuit protection shall not be re¬ 
quired for control and instrumentation that are totally 
within the cell line working zone. 

(E) Bonding. Bonding of fixed electrical equipment to the 
energized conductive surfaces of the cell line, its attach¬ 
ments, or auxiliaries shall be permitted. Where fixed elec¬ 
trical equipment is mounted on an energized conductive 
surface, it shall be bonded to that surface. 


668.31 Auxiliary Nonelectrical Connections. Au 

nonelectrical connections, such as air hoses, water 
and the like, to an electrolytic cell, its attachments, or 
iliary equipment shall not have continuouprcorrauctive 
inforcing wire, armor, braids, and the life. HosjSSr shall b> 
of a nonconductive material. 




668.32 Cranes and Hoists. 

(A) Conductive Surfaces to Be Insulated from Ground. 

The conductive surfaces of cranes and hoists that enter the 
cell line working zone shall not be required to be grounded. 
The portion of an overhead craneor hoist that contacts an 
energized electrolytic cell or enerciized Attachments shall be 
insulated from ground. 



669.5 Braj 

ductors 
have 

CQ 


-Circuit Conductors. Branch-circuit con¬ 
ing one or more units of equipment shall 
of not less than 125 percent of the total 
ampacities for busbars shall be in ac- 


'69.6/Wiring Methods. Conductors connecting the elec- 
lyte tank equipment to the conversion equipment shall be 
in accordance with 669.6(A) and (B). 

stems Not Exceeding 50 Volts Direct Current. In¬ 
sulated conductors shall be permitted to be run without 
insulated support, provided they are protected from physi¬ 
cal damage. Bare copper or aluminum conductors shall be 
permitted where supported on insulators. 

(B) Systems Exceeding 50 Volts Direct Current. Insu¬ 
lated conductors shall be permitted to be run on insulated 
supports, provided they are protected from physical dam¬ 
age. Bare copper or aluminum conductors shall be permit¬ 
ted where supported on insulators and guarded against ac¬ 
cidental contact up to the point of termination in 
accordance with 110.28. 


(B) Hazardous Electrical Conditions. Remote crane or 
hoist controls that could introduce hazardous electrical con¬ 
ditions into the cell line working zone shall employ one or 
more of the following systems: 

(1) Isolated and ungrounded control circuit in accordance 
with 668.21(A) 

(2) Nonconductive rope operator 

(3) Pendant pushbutton with nonconductive supporting 
means and having nonconductive surfaces or un¬ 
grounded exposed conductive surfaces 

(4) Radio 


669.7 Warning Signs. Warning signs shall be posted to 
indicate the presence of bare conductors. The warning 
sign(s) or label(s) shall comply with 110.21(B). [ROP 12- 
165] 

669.8 Disconnecting Means. 

(A) More Than One Power Supply. Where more than 
one power supply serves the same dc system, a disconnect¬ 
ing means shall be provided on the dc side of each power 
supply. 


668.40 Enclosures. General-purpose electrical equipment 
enclosures shall be permitted where a natural draft ventila¬ 
tion system prevents the accumulation of gases. 


(B) Removable Links or Conductors. Removable links 
or removable conductors shall be permitted to be used as 
the disconnecting means. 
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ARTICLE 670 — INDUSTRIAL MACHINERY 


669.9 Overcurrent Protection. Direct-current conductors 
shall be protected from overcurrent by one or more of the 
following: 

(1) Fuses or circuit breakers 

(2) A current-sensing device that operates a disconnecting 
means 


(4) Short-circuit current rating of the machine industrial 
control panel based on one of the following: 

a. Short-circuit current rating of a listed and labeled 
machine control enclosure or assembly 

b. Short-circuit current rating established utilizing an 
approved method 


(3) Other approved means 


ARTICLE 670 
Industrial Machinery 


670.1 Scope. This article covers the definition of, the 
nameplate data for, and the size and overcurrent protection 
of supply conductors to industrial machinery. 

Informational Note No. 1: For further information, see 
NFPA 79-2007, Electrical Standard for Industrial 
Machinery. 

Informational Note No. 2: For information on the work¬ 
space requirements for equipment containing supply con¬ 
ductor terminals, see 110.27. For information on the work¬ 
space requirements for machine power and control 
equipment, see NFPA 79-2007, Electrical Standard for In¬ 
dustrial Machinery. 

670.2 Definition. 

Industrial Machinery (Machine). A po 1 

chine (or a group of machines working togetl 
dinated manner), not portable by hand while 
is used to process material by cutting; forming; p: 
electrical, thermal, or optical techniques; lamination; Or a 
combination of these processes^ It can includ^Bssociated 
equipment used to transfer material or tooling, including 
fixtures, to assemble/disassemble, to inspect or test, or to 
package. [The associated electrical equiprfient, including 
the logic controller(s) and associated software or logic to¬ 
gether with the machine actuators and sensors, are consid¬ 
ered as part of the industrial machine.] 

670.3 Machine Nameplate Data. 


Informational Note: UL 508A-2001, Supplement SB. is an 
example of an approved method. 

(5) Electrical diagram number(s) or the number of the in¬ 
dex to the electrical drawings 

The full-load current shown on the nameplate shall not 
be less than the sum of the full-load currents required for 
all motors and other equipment that may be in operation at 
the same time under normal conditions of use. Where un¬ 
usual type loads, d»>xycles, and so forth require oversized 
conductors or pgpiit reduced-size conductors, the required 
capacity shall be included in the marked “full-load cur¬ 
rent.” Where more than one incoming supply circuit is to 
be provided, the nameplate shall state the preceding infor- 
mation for each circuit. 

See 430.22(E) and 430.26 for duty 

jrcurrent Protection. Where overcurrent protec¬ 
ted in accordance with 670.4(C), the machine 
rked “overcurrent protection provided at ma- 
supply terminals.” 

.4 Supply Conductors and Overcurrent Protection. 

(A) Size. The size of the supply conductor shall be such as 
to have an ampacity not less than 125 percent of the full¬ 
load current rating of all resistance heating loads plus 
125 percent of the full-load current rating of the highest 
rated motor plus the sum of the full-load current ratings of 
all other connected motors and apparatus, based on their 
duty cycle, that may be in operation at the same time. 

Informational Note No. 1: See the 0-2000-volt ampacity 
tables of Article 310 for ampacity of conductors rated 1000 
volts and below. [ROP 12-167] 

Informational Note No. 2: See 430.22(E) and 430.26 for 
duty cycle requirements. 



(A) Permanent Nameplate. A permanent nameplate shall 
be attached to the control equipment enclosure or machine 
and shall be plainly visible after installation. The nameplate 
shall include the following information: 

(1) Supply voltage, number of phases, frequency, and full¬ 
load current 

(2) Maximum ampere rating of the short-circuit and 
ground-fault protective device 

(3) Ampere rating of largest motor, from the motor name¬ 
plate, or load 


(B) Disconnecting Means. A machine shall be considered 
as an individual unit and therefore shall be provided with 
disconnecting means. The disconnecting means shall be 
permitted to be supplied by branch circuits protected by 
either fuses or circuit breakers. The disconnecting means 
shall not be required to incorporate overcurrent protection. 

(C) Overcurrent Protection. Where furnished as part of 
the machine, overcurrent protection for each supply circuit 
shall consist of a single circuit breaker or set of fuses, the 
machine shall bear the marking required in 670.3, and the 
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675.7 


supply conductors shall be considered either as feeders or 
as taps as covered by 240.21. 

The rating or setting of the overcurrent protective de¬ 
vice for the circuit supplying the machine shall not be 
greater than the sum of the largest rating or setting of the 
branch-circuit short-circuit and ground-fault protective de¬ 
vice provided with the machine, plus 125 percent of the 
full-load current rating of all resistance heating loads, plus 
the sum of the full-load currents of all other motors and 
apparatus that could be in operation at the same time. 

Exception: Where one or more instantaneous trip circuit 
breakers or motor short-circuit protectors are used for mo¬ 
tor branch-circuit short-circuit and ground-fault protection 
as permitted by 430.52(C), the procedure specified in 
670.4(C) for determining the maximum rating of the pro¬ 
tective device for the circuit supplying the machine shall 
apply with the following provision: For the purpose of the 
calculation, each instantaneous trip circuit breaker or mo¬ 
tor short-circuit protector shall be assumed to have a rat¬ 
ing not exceeding the maximum percentage of motor full- 
load current permitted by Table 430.52 for the type of 
machine supply circuit protective device employed. 

Where no branch-circuit short-circuit and groum 
protective device is provided with the machine, the' 
or setting of the overcurrent protective device sh; 
based on 430.52 and 430.53, as applicable. 

670.5 Short-Circuit Current Ratin: 

ery shall not be installed where the 
exceeds its short-circuit current rating 
dance with 670.3(A)(4). 




ARTICLE 675 

Electrically Driven or Controlled 
Irrigation Machines 


Irrigation Machine. An electrically driven or controlled 
machine, with one or more motors, not hand-portable, and 
used primarily to transport and distribute water for agricul¬ 
tural purposes. 

675.4 Irrigation Cable. 

(A) Construction. The cable used to interconnect enclo¬ 
sures on the structure of an irrigation machine shall be an 
assembly of stranded, insulated conductors with nonhygro- 
scopic and nonwicking filler in a core of moisture- and 
flame-resistant nonmetallic material overlaid with a metal¬ 
lic covering and jacketed with a moisture-, corrosion-, and 
sunlight-resistant nonmetallic material. 

The conductor insulation shall be of a type listed in 
Table 310.1Q^A) for an operating temperature of 75°C 
(167°F) and for use in wet locations. The core insulating 
materiaLthickness shall not be less than 0.76 mm (30 mils), 
and the metallic overlay thickness shall be not less than 
0.20 mm (8 mils). The jacketing material thickness shall be 
ess than 1.27^fcn (50 mils). 

A composite of p@wer, control, and grounding conduc¬ 
es in the cable shall be permitted. 

lternate Wiring Methods. Installation of other listed 
cables complying with the construction requirements of 
shall be permitted. 

(C) Supports. Irrigation cable shall be secured by straps, 
hangers, or similar fittings identified for the purpose and so 
installed as not to damage the cable. Cable shall be sup¬ 
ported at intervals not exceeding 1.2 m (4 ft). 

(D) Fittings. Fittings shall be used at all points where irri¬ 
gation cable terminates. The fittings shall be designed for 
use with the cable and shall be suitable for the conditions of 
service. 

675.5 More Than Three Conductors in a Raceway or 
Cable. The signal and control conductors of a raceway or 
cable shall not be counted for the purpose of ampacity 
adjustment as required in 310.15(B)(3)(a). 


I. General 

675.1 Scope. The provisions of this article apply to elec¬ 
trically driven or controlled irrigation machines, and to the 
branch circuits and controllers for such equipment. 

675.2 Definitions. 

Center Pivot Irrigation Machine. A multimotored irriga¬ 
tion machine that revolves around a central pivot and em¬ 
ploys alignment switches or similar devices to control in¬ 
dividual motors. 

Collector Rings. An assembly of slip rings for transferring 
electric energy from a stationary to a rotating member. 


675.6 Marking on Main Control Panel. The main control 
panel shall be provided with a nameplate that shall give the 
following information: 

(1) The manufacturer’s name, the rated voltage, the phase, 
and the frequency 

(2) The current rating of the machine 

(3) The rating of the main disconnecting means and size of 
overcurrent protection required 

675.7 Equivalent Current Ratings. Where intermittent 
duty is not involved, the provisions of Article 430 shall be 
used for determining ratings for controllers, disconnecting 
means, conductors, and the like. Where irrigation machines 
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ARTICLE 675 — ELECTRICALLY DRIVEN OR CONTROLLED IRRIGATION MACHINES 


have inherent intermittent duty, the determinations of 
equivalent current ratings in 675.7(A) and (B) shall be 
used. 


675.9 Branch-Circuit Conductors. The branch-circuit 
conductors shall have an ampacity not less than specified in 
675.7(A) or 675.22(A). 


(A) Continuous-Current Rating. The equivalent 
continuous-current rating for the selection of branch-circuit 
conductors and overcurrent protection shall be equal to 
125 percent of the motor nameplate full-load current rating 
of the largest motor, plus a quantity equal to the sum of 
each of the motor nameplate full-load current ratings of all 
remaining motors on the circuit, multiplied by the maxi¬ 
mum percent duty cycle at which they can continuously 
operate. 


675.10 Several Motors on One Branch Circuit. 

(A) Protection Required. Several motors, each not ex¬ 
ceeding 2 hp rating, shall be permitted to be used on an 
irrigation machine circuit protected at not more than 30 
amperes at 1000 volts, nominal, or less, provided all of the 
following conditions are met: [ROP 19-120] 

(1) The full-load rating of any motor in the circuit shall not 
exceed 6 amperes. 


(B) Locked-Rotor Current. The equivalent locked-rotor 
current rating shall be equal to the numerical sum of the 
locked-rotor current of the two largest motors plus 100 
percent of the sum of the motor nameplate full-load current 
ratings of all the remaining motors on the circuit. 

675.8 Disconnecting Means. 

(A) Main Controller. A controller that is used to start and 
stop the complete machine shall meet all of the following 
requirements: 

(1) An equivalent continuous current rating not less than 
specified in 675.7(A) or 675.22(A) 

(2) A horsepower rating not less than the value f roayj able 
430.251(A) and Table 430.251(B), based on the 
equivalent locked-rotor current specified in 675.7(B) or 
675.22(B) 

Exception: A listed molded case swiL 
horsepower rating. 

(B) Main Disconnecting Means. The main disconnecting 
means for the machine shall provide overcurrent protection, 
shall be at the point of connection of electric power to the 
machine, or shall be in sight from the machine, and shall be 
readily accessible and lockable in accordance with 110.25. 
This disconnecting means shall have a horsepower and cur¬ 
rent rating not less than required for the main controller. 
[ROP 19-119, ROP 19-118, ROP 19-117] 


(2) Each motor in the circuit shall have individual overload 
protection in accordance with 430.32. 

(3) Taps to individual motors shall not be smaller than 14 
AWG copper and not more than 7.5 m (25 ft) in length. 


(B) Individual Protection 

branch-circuit short 
controllers shall not be ri 
675.10(A) are met. 



Not Required. Individual 
rotection for motors and motor 
;ed where the requirements of 


675.1 


ector Rings. 



Translating Current for Power Purposes. Collec¬ 
tor rings shallmave a current rating not less than 125 per- 
of the full-load current of the largest device served 
us the full-load current of all other devices served, or as 
fermined from 675.7(A) or 675.22(A). 


) Control and Signal Purposes. Collector rings for con¬ 
trol and signal purposes shall have a current rating not less 
than 125 percent of the full-load current of the largest de¬ 
vice served plus the full-load current of all other devices 
served. 

(C) Grounding. The collector ring used for grounding 
shall have a current rating not less than that sized in accor¬ 
dance with 675.11(A). 

(D) Protection. Collector rings shall be protected from the 
expected environment and from accidental contact by 
means of a suitable enclosure. 


Exception No. 1: Circuit breakers without marked horse¬ 
power ratings shall be permitted in accordance with 
430.109. 

Exception No. 2: A listed molded case switch without 
marked horsepower ratings shall be permitted. 

(C) Disconnecting Means for Individual Motors and 
Controllers. A disconnecting means shall be provided to 
simultaneously disconnect all ungrounded conductors for 
each motor and controller and shall be located as required 
by Article 430, Part IX. The disconnecting means shall not 
be required to be readily accessible. 


675.12 Grounding. The following equipment shall be 
grounded: 

(1) All electrical equipment on the irrigation machine 

(2) All electrical equipment associated with the irrigation 
machine 

(3) Metal junction boxes and enclosures 

(4) Control panels or control equipment that supplies or 
controls electrical equipment to the irrigation machine 

Exception: Grounding shall not be required on machines 
where all of the following provisions are met: 
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(a) The machine is electrically controlled but not elec¬ 
trically driven. 

(b) The control voltage is 30 volts or less. 

(c) The control or signal circuits are current limited as 
specified in Chapter 9, Tables 11(A) and 11(B). 

675.13 Methods of Grounding. Machines that require 
grounding shall have a non-current-carrying equipment 
grounding conductor provided as an integral part of each 
cord, cable, or raceway. This grounding conductor shall be 
sized not less than the largest supply conductor in each 
cord, cable, or raceway. Feeder circuits supplying power to 
irrigation machines shall have an equipment grounding 
conductor sized according to Table 250.122. 


(A) Continuous-Current Rating. The equivalent 
continuous-current rating for the selection of branch-circuit 
conductors and branch-circuit devices shall be equal to 
125 percent of the motor nameplate full-load current rating 
of the largest motor plus 60 percent of the sum of the motor 
nameplate full-load current ratings of all remaining motors 
on the circuit. 

(B) Locked-Rotor Current. The equivalent locked-rotor 
current rating shall be equal to the numerical sum of two 
times the locked-rotor current of the largest motor plus 
80 percent of the sum of the motor nameplate full-load 
current ratings of all the remaining motors on the circuit. 


675.14 Bonding. Where electrical grounding is required 
on an irrigation machine, the metallic structure of the ma¬ 
chine, metallic conduit, or metallic sheath of cable shall be 
connected to the grounding conductor. Metal-to-metal con¬ 
tact with a part that is connected to the grounding conduc¬ 
tor and the non-current-carrying parts of the machine shall 
be considered as an acceptable bonding path. 

675.15 Lightning Protection. If an irrigation machi 
a stationary point, a grounding electrode system in 
dance with Article 250, Part III, shall be connected 
machine at the stationary point for lightning protectio 

675.16 Energy from More Than One Source, bq uipme 
within an enclosure receiving electric energy from more' 
than one source shall not be required to have a disc?) 
ing means for the additional source, provided that its volt¬ 
age is 30 volts or less and it meets the requirements of Part 
III of Article 725. 

675.17 Connectors. External plugs andf ijbnnectors on the 
equipment shall be of the weatherproof type. 

Unless provided solely for thep’onnection of circuits 
meeting the requirements of Part III of Article 725, external 
plugs and connectors shall be constructed as specified in 
250.124(A). 




ARTICLE 680 
Pools, Fountains, and Similar 
Installations 


Scope. The provisions of this article apply to the 
ijction and installation of electrical wiring for, and 
at in or adjacent to, all swimming, wading, thera- 
and decorative pools; fountains; hot tubs; spas; and 
hydromassage bathtubs, whether permanently installed or 
storable, and to metallic auxiliary equipment, such as 
pumps, filters, and similar equipment. The term body of 
water used throughout Part I applies to all bodies of water 
covered in this scope unless otherwise amended. 

680.2 Definitions. 

Cord-and-Plug-Connected Lighting Assembly. A light¬ 
ing assembly consisting of a luminaire intended for instal¬ 
lation in the wall of a spa, hot tub, or storable pool, and a 
cord-and-plug-connected transformer. 

Dry-Niche Luminaire. A luminaire intended for installa¬ 
tion in the floor or wall of a pool, spa, or fountain in a niche 
that is sealed against the entry of water. 


II. Center Pivot Irrigation Machines 

675.21 General. The provisions of Part II are intended to 
cover additional special requirements that are peculiar to 
center pivot irrigation machines. See 675.2 for the defini¬ 
tion of Center Pivot Irrigation Machine. 


Fixed (as applied to equipment). Equipment that is fas¬ 
tened or otherwise secured at a specific location. [ROP 

17-83a] 

Forming Shell. A structure designed to support a wet-niche 
luminaire assembly and intended for mounting in a pool or 
fountain structure. 


675.22 Equivalent Current Ratings. To establish ratings 
of controllers, disconnecting means, conductors, and the 
like, for the inherent intermittent duty of center pivot irri¬ 
gation machines, the determinations in 675.22(A) and (B) 
shall be used. 


Fountain. Fountains, ornamental pools, display pools, and 
reflection pools. The definition does not include drinking 
fountains. 

Hydromassage Bathtub. A permanently installed bathtub 
equipped with a recirculating piping system, pump, and 
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associated equipment. It is designed so it can accept, circu¬ 
late, and discharge water upon each use. 

Low Voltage Contact Limit. A voltage not exceeding the 
following values: 

(1) 15 volts (RMS) for sinusoidal ac 

(2) 21.2 volts peak for nonsinusoidal ac 

(3) 30 volts for continuous dc 

(4) 12.4 volts peak for dc that is interrupted at a rate of 10 
to 200 Hz 

Maximum Water Level. The highest level that water can 
reach before it spills out. 

No-Niche Luminaire. A luminaire intended for installation 
above or below the water without a niche. 

Packaged Spa or Hot Tub Equipment Assembly. A 

factory-fabricated unit consisting of water-circulating, heat¬ 
ing, and control equipment mounted on a common base, 
intended to operate a spa or hot tub. Equipment can include 
pumps, air blowers, heaters, lights, controls, sanitizer gen¬ 
erators, and so forth. 

Packaged Therapeutic Tub or Hydrotherapeutic Tank 
Equipment Assembly. A factory-fabricated unit consisting 
of water-circulating, heating, and control equipmen 
mounted on a common base, intended to operate a thera 
peutic tub or hydrotherapeutic tank. Equipment can include 
pumps, air blowers, heaters, lights, controls, sanitizer gen 
erators, and so forth. 

Permanently Installed Decorative Fount: 
tion Pools. Those that are constructed in the 
ground, or in a building in such a manner that tne 
cannot be readily disassembled fon storage, whcth 
served by electrical circuits of^ny nature. These units arc 
primarily constructed for their aesthetic value and are not 
intended for swimming or wading^^. 

Permanently Installed Swimming, Wading, Immersion, 
and Therapeutic Pools. Those that are constructed in the 
ground or partially in the ground, and all others capable of 
holding water in a depth greater than 1.0 m (42 in.), and all 
pools installed inside of a building, regardless of water 
depth, whether or not served by electrical circuits of any 
nature. 

Pool. Manufactured or field-constructed equipment de¬ 
signed to contain water on a permanent or semipermanent 
basis and used for swimming, wading, immersion, or thera¬ 
peutic purposes. 

Pool Cover, Electrically Operated. Motor-driven equip¬ 
ment designed to cover and uncover the water surface of a 
pool by means of a flexible sheet or rigid frame. 

Portable (as applied to equipment). Equipment that is 
actually moved or can easily be moved from one place to 
another in normal use. [ROP 17-83a] 


Self-Contained Spa or Hot Tub. Factory-fabricated unit 
consisting of a spa or hot tub vessel with all water- 
circulating, heating, and control equipment integral to the 
unit. Equipment can include pumps, air blowers, heaters, 
lights, controls, sanitizer generators, and so forth. 

Self-Contained Therapeutic Tubs or Hydrotherapeutic 
Tanks. A factory-fabricated unit consisting of a therapeutic 
tub or hydrotherapeutic tank with all water-circulating, 
heating, and control equipment integral to the unit. Equip¬ 
ment may include pumps, air blowers, heaters, light con¬ 
trols, sanitizer generators, and so forth. 

Spa or Hot Tub. A hydromassage pool, or tub for recre¬ 
ational or therapeutic use, not located in health care facili¬ 
ties, designed for immersion of users, and usually having a 
filter, heater, and motor-driven blower. It may be installed 
indoors or outdafe, on the ground or supporting structure, 
or in the groun^Fof supporting structure. Generally, a spa or 
hot tub is not designed or intended to have its contents 
drained4#rdischarged afteGeach use. 

ipplied to equipment). Equipment that is 
one place to another in normal use. [ROP 




able Swimming, Wading, or Immersion Pools, or 
Storable/Portable Spas and Hot Tubs. Those that are 
structecr on or above the ground and are capable of 
[folding water to a maximum depth of 1.0 m (42 in.), or a 
kol, spa, or hot tub with nonmetallic, molded polymeric 
ils or inflatable fabric walls regardless of dimension. 
[ROP 17-90] 

Through-Wall Lighting Assembly. A lighting assembly 
intended for installation above grade, on or through the 
wall of a pool, consisting of two interconnected groups of 
components separated by the pool wall. 

Wet-Niche Luminaire. A luminaire intended for installa¬ 
tion in a forming shell mounted in a pool or fountain struc¬ 
ture where the luminaire will be completely surrounded by 
water. 

680.3 Other Articles. Except as modified by this article, 
wiring and equipment in or adjacent to pools and fountains 
shall comply with other applicable provisions of this Code, 
including those provisions identified in Table 680.3. 

680.4 Approval of Equipment. All electrical equipment 
installed in the water, walls, or decks of pools, fountains, 
and similar installations shall comply with the provisions of 
this article. 

680.5 Ground-Fault Circuit Interrupters. Ground-fault 
circuit interrupters (GFCIs) shall be self-contained units, 
circuit-breaker or receptacle types, or other listed types. 
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Table 680.3 Other Articles 


Topic 

Section or Article 

Site lighting systems 

411.4(B) 

operating at 30 volts or less 


Audio equipment 

Article 640, Parts I and II 

Adjacent to pools and 

640.10 

fountains 


Underwater speakers* 



“■“Underwater loudspeakers shall be installed in accordance with 
680.27(A). 


given, the measurement shall be taken from the maximum 
water level of the specified body of water. 

(A) Power. With respect to service drop conductors, over¬ 
head service conductors, and open overhead wiring, swim¬ 
ming pool and similar installations shall comply with the 
minimum clearances given in Table 680.8 and illustrated in 
Figure 680.8. [ROP 17-92] 

Informational Note: Open overhead wiring as used in this 
article typically refers to conductor(s) not in an enclosed 
raceway. 


680.6 Grounding. Electrical equipment shall be grounded 
in accordance with Parts V, VI, and VII of Article 250 and 
connected by wiring methods of Chapter 3, except as modi¬ 
fied by this article. The following equipment shall be 
grounded: 

(1) Through-wall lighting assemblies and underwater lumi¬ 
naires, other than those low-voltage lighting products 
listed for the application without a grounding conduc¬ 
tor 

(2) All electrical equipment located within 1.5 m (5 ft) of 
the inside wall of the specified body of water 

(3) All electrical equipment associated with the rec 
ing system of the specified body of water 

(4) Junction boxes 

(5) Transformer and power supply end 

(6) Ground-fault circuit interrupters 

(7) Panelboards that are not part of the 
and that supply any electrical eqi 
with the specified body^f water 


680.7 Cord-and-Plug-Connected Equipment." Fixed or 
stationary equipment, othemhan underwater luminaires, for 
a permanently installed pool shad be permitted to be con¬ 
nected with a flexible cord and plug to facilitate the re¬ 
moval or disconnection for mainteffimce or repair. 





imunications Systems. Communications, radio, 
levision coaxial cables within the scope of Articles 
800 through 820 shall be permitted at a height of not less 
than 3.0 m (10 ft) above swimming and wading pools, 
diving structures, and observation stands, towers, or plat¬ 
forms. 

(C) Network-Powered Broadband Communications 
Systems. The minimum clearances for overhead network- 
powered broadband communications systems conductors 
from pools or fountains shall comply with the provisions in 
Table 680.8 for conductors operating at 0 to 750 volts to 
ground. 


(A) Length. For other than storable pools, the flexible cord 
shall not exceed 900 mm (3 ft) in length. 

(B) Equipment Grounding. The flexible cord shall have a 
copper equipment grounding conductor sized in accordance 
with 250.122 but not smaller than 12 AWG. The cord shall 
terminate in a grounding-type attachment plug. 


680.9 Electric Pool Water Heaters. All electric pool wa¬ 
ter heaters shall have the heating elements subdivided into 
loads not exceeding 48 amperes and protected at not over 
60 amperes. The ampacity of the branch-circuit conductors 
and the rating or setting of overcurrent protective devices 
shall not be less than 125 percent of the total nameplate¬ 
rated load. 


(C) Construction. The equipment grounding conductors 
shall be connected to a fixed metal part of the assembly. 
The removable part shall be mounted on or bonded to the 
fixed metal part. 

680.8 Overhead Conductor Clearances. Overhead con¬ 
ductors shall meet the clearance requirements in this sec¬ 
tion. Where a minimum clearance from the water level is 


680.10 Underground Wiring Location. Underground 
wiring shall not be permitted under the pool or within the 
area extending 1.5 m (5 ft) horizontally from the inside 
wall of the pool unless this wiring is necessary to supply 
pool equipment permitted by this article. Where space limi¬ 
tations prevent wiring from being routed a distance 1.5 m 
(5 ft) or more from the pool, such wiring shall be permitted 
where installed in complete raceway systems of rigid metal 
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Table 680.8 

Overhead Conductor Clearances 







Insulated Cables, 0-750 

Volts to Ground, 
Supported on and 

Cabled Together with a 


All Other Conductors Voltage to Ground 




Solidly Grounded Bare 
Messenger or Solidly 
Grounded Neutral 
Conductor 

0 through 15 kV 

Over 15 through 50 kV 


Clearance Parameters 

m ft 

m 

ft 

m 

ft 

A. 

Clearance in any direction 
to the water level, edge of 
water surface, base of 
diving platform, or 
permanently anchored raft 

6.9 22.5 

7.5 

25 

8.0 

27 

B. 

Clearance in any direction 
to the observation stand, 
tower, or diving platform 

4.4 14.5 

5.2 

X 

5.5 

18 

C. 

Horizontal limit of 
clearance measured from 
inside wall of the pool 

This limit shall extend to the outer edge 
less than 3 m (10 ft). 

[ROP17-93] 

of the structures’listt 

V 

^in A and B of this table but not 


Rigid metal conduit 
Intermediate metal 
conduit 

Nonmetallic raceways 
listed for direct 
burial under 
minimum of 
102 mm (4 in.) thick 
concrete exterior 
slab and extending 
not less than 
162 mm (6 in.) 
beyond the 
underground 
installation 

Nonmetallic raceways 450 

listed for direct 
burial without 
concrete encasement 
Other approved 450 

raceways* 



conduit, intermediate metal conduit, or a nonmetallic race-! 
way system. All metal conduit shall be corrosion resistant' 
and suitable for the location. The minimum cover depth 
shall be as given in Table 680.10. 

Table 680.10 Minimum Cover Depths 


Wiring Method 


18 


18 


*Raceways approved for burial only where concrete encased shall 
require a concrete envelope not less than 50 mm (2 in.) thick. 


— 


$0.11 Equipment Rooms and Pits. Electrical equipment 
t be installed in rooms or pits that do not have 
drainage that prevents water accumulation during normal 
ieration or biter maintenance. [ROP 17-2] 

.12 Maintenance Disconnecting Means. One or more 
eans to simultaneously disconnect all ungrounded con¬ 
ductors shall be provided for all utilization equipment other 
than lighting. Each means shall be readily accessible and 
within sight from its equipment and shall be located at least 

I. 5 m (5 ft) horizontally from the inside walls of a pool, 
spa, fountain, or hot tub unless separated from the open 
water by a permanently installed barrier that provides a 1.5 
m (5 ft) reach path or greater. This horizontal distance is to 
be measured from the water’s edge along the shortest path 
required to reach the disconnect. [ROP 17-96] 

II. Permanently Installed Pools 

680.20 General. Electrical installations at permanently in¬ 
stalled pools shall comply with the provisions of Part I and 
Part II of this article. 

680.21 Motors. 

(A) Wiring Methods. The wiring to a pool motor shall 
comply with (A)(1) unless modibed for specibc circum¬ 
stances by (A)(2), (A)(3), (A)(4), or (A)(5). 

(1) General. The branch circuits for pool-associated mo¬ 
tors shall be installed in rigid metal conduit, intermediate 
metal conduit, rigid polyvinyl chloride conduit, reinforced 
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thermosetting resin conduit, or Type MC cable listed for the 
location. Other wiring methods and materials shall be per¬ 
mitted in specific locations or applications as covered in 
this section. Any wiring method employed shall contain an 
insulated copper equipment grounding conductor sized in 
accordance with 250.122 but not smaller than 12 AWG. 


inside walls of the pool if they meet all of the following 
conditions: 

(1) Consist of single receptacles 

(2) Are of the grounding type 

(3) Have GFCI protection 


(2) On or Within Buildings. Where installed on or within 
buildings, electrical metallic tubing shall be permitted. 

(3) Flexible Connections. Where necessary to employ 
flexible connections at or adjacent to the motor, liquidtight 
flexible metal or liquidtight flexible nonmetallic conduit 
with approved fittings shall be permitted. 

(4) One-Family Dwellings. In the interior of dwelling 
units, or in the interior of accessory buildings associated 
with a dwelling unit, any of the wiring methods recognized 
in Chapter 3 of this Code that comply with the provisions 
of this section shall be permitted. Where run in a cable 
assembly, the equipment grounding conductor shall be per¬ 
mitted to be uninsulated, but it shall be enclosed within the 
outer sheath of the cable assembly. 

(5) Cord-and-Plug Connections. Pool-associated motors 
shall be permitted to employ cord-and-plug connections. 
The flexible cord shall not exceed 900 mm (3 ft) in 1 
The flexible cord shall include a copper equipment gr&utod- 
ing conductor sized in accordance with 250.122 but notj 
smaller than 12 AWG. The cord shall terminate in 
grounding-type attachment plug. 

(B) Double Insulated Pool Pump 

plug-connected pool pump incorporating an 
tern of double insulation that provides a me 
ing only the internal and nonaccessible, 
carrying metal parts of the pump shall be connected to any 
wiring method recognized in Chapter 3 iKit is suitable for 
the location. Where the bonding grid ^connected to the 
equipment grounding conductor of the motor circuit in ac¬ 
cordance with the second sentence of 680.26(B)(6)(a), the 
branch-circuit wiring shall comply with 680.21(A). 



-and 

tpproved sys- 
for ground- 
-current- 


[ROP 17-101, ROP 17-104, ROP 17-105] 

(2) Other Receptacles, Location. Other receptacles shall 
be not less than 1.83 m (6 ft) from the inside walls of a 
pool. 

(3) . Where a permanently installed pool is installed, no 
fewer than one 125-volt, 15- or 20-ampere receptacle on a 
general-purpose branch circuit shall be located not less than 
1.83 m (6 ft) from, and not more than 6.0 m (20 ft) from, 
the inside wall of the pool. This receptacle shall be located 
not more thtui 2.0 m (6 ft 6 in.) above the floor, platform, or 
grade Jevel serving the pool. [ROP 17-106] 

JFCI Protection. All 15- and 20-ampere, single- 
Tase, 125-volt receptacles located within 6.0 m (20 ft) of 
r the inside walls of a pool shall be protected by a ground- 
Ticuit interrupter. 

easurements. In determining the dimensions in this 
Jdressing receptacle spacings, the distance to be 
red shall be the shortest path the supply cord of an 
appliance connected to the receptacle would follow without 
piercing a floor, wall, ceiling, doorway with hinged or slid¬ 
ing door, window opening, or other effective permanent 
barrier. 

(B) Luminaires, Lighting Outlets, and Ceiling- 
Suspended (Paddle) Fans. 

(1) New Outdoor Installation Clearances. In outdoor 
pool areas, luminaires, lighting outlets, and ceiling- 
suspended (paddle) fans installed above the pool or the area 
extending 1.5 m (5 ft) horizontally from the inside walls of 
the pool shall be installed at a height not less than 3.7 m 
(12 ft) above the maximum water level of the pool. 


(C) GFCI Protection. Outlets supplying pool pump mo¬ 
tors connected to single-phase, 120 volt through 240 volt 
branch circuits, whether by receptacle or by direct connec¬ 
tion, shall be provided with ground-fault circuit-interrupter 
protection for personnel. [ROP 17-100] 

680.22 Lighting, Receptacles, and Equipment. 

(A) Receptacles. 

(1) Circulation and Sanitation System, Location. Recep¬ 
tacles that provide power for water-pump motors or for 
other loads directly related to the circulation and sanitation 
system shall be located at least 3.0 m (10 ft) from the inside 
walls of the pool, or not less than 1.83 m (6 ft) from the 


(2) Indoor Clearances. For installations in indoor pool 
areas, the clearances shall be the same as for outdoor areas 
unless modified as provided in this paragraph. If the branch 
circuit supplying the equipment is protected by a ground- 
fault circuit interrupter, the following equipment shall be 
permitted at a height not less than 2.3 m (7 ft 6 in.) above 
the maximum pool water level: 

(1) Totally enclosed luminaires 

(2) Ceiling-suspended (paddle) fans identified for use be¬ 
neath ceiling structures such as provided on porches or 
patios 

(3) Existing Installations. Existing luminaires and light¬ 
ing outlets located less than 1.5 m (5 ft) measured horizon- 
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tally from the inside walls of a pool shall be not less than 
1.5 m (5 ft) above the surface of the maximum water level, 
shall be rigidly attached to the existing structure, and shall 
be protected by a ground-fault circuit interrupter. 

(4) GFCI Protection in Adjacent Areas. Luminaires, 
lighting outlets, and ceiling-suspended (paddle) fans in¬ 
stalled in the area extending between 1.5 m (5 ft) and 3.0 m 
(10 ft) horizontally from the inside walls of a pool shall be 
protected by a ground-fault circuit interrupter unless in¬ 
stalled not less than 1.5 m (5 ft) above the maximum water 
level and rigidly attached to the structure adjacent to or 
enclosing the pool. 

(5) Cord-and-Plug-Connected Luminaires. Cord-and- 
plug-connected luminaires shall comply with the require¬ 
ments of 680.7 where installed within 4.9 m (16 ft) of any 
point on the water surface, measured radially. 

(C) Switching Devices. Switching devices shall be located 
at least 1.5 m (5 ft) horizontally from the inside walls of a 
pool unless separated from the pool by a solid fence, wall, 
or other permanent barrier. Alternatively, a switch that is 
listed as being acceptable for use within 1.5 m (5 ft) shall 
be permitted. 

(D) Other Outlets. Other outlets shall be not less than 3.0 
m (10 ft) from the inside walls of the pool. Measurements 
shall be determined in accordance with 680. 

Informational Note: Other outlets may inclui 
limited to, remote-control, signaling, lire al 
munications circuits. 

680.23 Underwater Luminairej 

luminaires installed below the 
pool. [ROP 17-109] 

(A) General. 

(1) Luminaire Design, Normal Operation. The design of 
an underwater luminaire supplied from a branch circuit ei¬ 
ther directly or by way of a transformer or power supply 
meeting the requirements of this section shall be such that, 
where the luminaire is properly installed without a ground- 
fault circuit interrupter, there is no shock hazard with any 
likely combination of fault conditions during normal use 
(not relamping). 

(2) Transformers and Power Supplies. Transformers and 
power supplies used for the supply of underwater lumi¬ 
naires, together with the transformer or power supply en¬ 
closure, shall be listed for swimming pool and spa use. The 
transformer or power supply shall incorporate either a 
transformer of the isolated winding type, with an un¬ 
grounded secondary that has a grounded metal barrier be¬ 
tween the primary and secondary windings, or one that 


incorporates an approved system of double insulation be¬ 
tween the primary and secondary windings. 

(3) GFCI Protection, Relamping. A ground-fault circuit 
interrupter shall be installed in the branch circuit supplying 
luminaires operating at more than the low voltage contact 
limit such that there is no shock hazard during relamping. 
The installation of the ground-fault circuit interrupter shall 
be such that there is no shock hazard with any likely fault- 
condition combination that involves a person in a conduc¬ 
tive path from any ungrounded part of the branch circuit or 
the luminaire to ground. 

(4) Voltage Limitation. No luminaires shall be installed 
for operation on supply circuits over 150 volts between 
conductors. 

(5) Location, Wall-Mounted Luminaires. Luminaires 
mounted in walls shall be installed with the top of the 
luminaire laps noteless than 450 mm (18 in.) below the 
normal water level of the pool, unless the luminaire is listed 
and identified for use at lesser;depths. No luminaire shall be 
inyalled less than 100 mm (4 in.) below the normal water 
levS of the pool. 

(6) Bottom-Mounted Luminaires. A luminaire facing up- 
shall comply with either (1) or (2): 

lens guarded to prevent contact by any person 




7-2] 

Be listed for use without a guard 

Dependence on Submersion. Luminaires that depend 
n submersion for safe operation shall be inherently pro¬ 
tected against the hazards of overheating when not sub¬ 
merged. 

(8) Compliance. Compliance with these requirements 
shall be obtained by the use of a listed underwater lumi¬ 
naire and by installation of a listed ground-fault circuit 
interrupter in the branch circuit or a listed transformer or 
power supply for luminaires operating at not more than the 
low voltage contact limit. 

(B) Wet-Niche Luminaires. 

(1) Forming Shells. Forming shells shall be installed for 
the mounting of all wet-niche underwater luminaires and 
shall be equipped with provisions for conduit entries. Metal 
parts of the luminaire and forming shell in contact with the 
pool water shall be of brass or other approved corrosion- 
resistant metal. All forming shells used with nonmetallic 
conduit systems, other than those that are part of a listed 
low-voltage lighting system not requiring grounding, shall 
include provisions for terminating an 8 AWG copper con¬ 
ductor. 

(2) Wiring Extending Directly to the Forming Shell. 

Conduit shall be installed from the forming shell to a junc- 
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tion box or other enclosure conforming to the requirements 
in 680.24. Conduit shall be rigid metal, intermediate metal, 
liquidtight flexible nonmetallic, or rigid nonmetallic. 

(a) Metal Conduit. Metal conduit shall be approved 
and shall be of brass or other approved corrosion-resistant 
metal. 

(b) Nonmetallic Conduit. Where a nonmetallic conduit 
is used, an 8 AWG insulated solid or stranded copper bond¬ 
ing jumper shall be installed in this conduit unless a listed 
low-voltage lighting system not requiring grounding is 
used. The bonding jumper shall be terminated in the form¬ 
ing shell, junction box or transformer enclosure, or ground- 
fault circuit-interrupter enclosure. The termination of the 8 
AWG bonding jumper in the forming shell shall be covered 
with, or encapsulated in, a listed potting compound to pro¬ 
tect the connection from the possible deteriorating effect of 
pool water. 

(3) Equipment Grounding Provisions for Cords. Other 
than listed low-voltages lighting systems not requiring 
grounding wet-niche luminaires that are supplied by a flex¬ 
ible cord or cable shall have all exposed non-current- 
carrying metal parts grounded by an insulated copper 
equipment grounding conductor that is an integral part of 
the cord or cable. This grounding conductor shall bl 
nected to a grounding terminal in the supply junction h 
transformer enclosure, or other enclosure. Hie, groun 
conductor shall not be smaller than the 
and not smaller than 16 AWG. 




(4) Luminaire Grounding Terminations, me enc 

flexible-cord jacket and the flexible-cord conductor termi¬ 
nations within a luminaire shall be covered with, or encap¬ 
sulated in, a suitable pottingcompound to prev&bfthe entry 
of water into the luminaim'through the cord or its conduc¬ 
tors. If present, the grouncB^onnection within a lumi¬ 
naire shall be similarly treated to protect such connection 
from the deteriorating effect of pool water in the event of 
water entry into the luminaire. 

(5) Luminaire Bonding. The luminaire shall be bonded 
to, and secured to, the forming shell by a positive locking 
device that ensures a low-resistance contact and requires a 
tool to remove the luminaire from the forming shell. Bond¬ 
ing shall not be required for luminaires that are listed for 
the application and have no non-current-carrying metal 
parts. 

(6) Servicing. All wet-niche luminaires shall be removable 
from the water for inspection, relamping, or other mainte¬ 
nance. The forming shell location and length of cord in the 
forming shell shall permit personnel to place the removed 
luminaire on the deck or other dry location for such main¬ 
tenance. The luminaire maintenance location shall be ac¬ 
cessible without entering or going in the pool water. 


(C) Dry-Niche Luminaires. 

(1) Construction. A dry-niche luminaire shall have provi¬ 
sion for drainage of water. Other than listed low voltage 
luminaires not requiring grounding, a dry-niche luminaire 
shall have means for accommodating one equipment 
grounding conductor for each conduit entry. 

(2) Junction Box. A junction box shall not be required but, 
if used, shall not be required to be elevated or located as 
specified in 680.24(A)(2) if the luminaire is specifically 
identified for the purpose. 

(D) No-Niche Luminaires. A no-niche luminaire shall 
meet the construction requirements of 680.23(B)(3) and be 
installed in accordance with the requirements of 680.23(B). 
Where connection to a forming shell is specified, the con¬ 
nection shall be to the mounting bracket. 

(E) Through-Wall Lighting Assembly. A through-wall 
lighting assembly shall be equipped with a threaded entry 

b, or a nonmetallic hub, for the purpose of accommo- 
termination of the supply conduit. A through- 
hting assembly shall meet the construction require - 
of 680.23(B)(3) and be installed in accordance with 
irements of 680.23. Where connection to a forming 
isp^pecified, the connection shall be to the conduit 
ation point. 

(F) Branch-Circuit Wiring. 

(1) Wiring Methods. Branch-circuit wiring on the supply 
side of enclosures and junction boxes connected to conduits 
run to wet-niche and no-niche luminaires, and the field 
wiring compartments of dry-niche luminaires, shall be in¬ 
stalled using rigid metal conduit, intermediate metal con¬ 
duit, liquidtight flexible nonmetallic conduit, rigid polyvi¬ 
nyl chloride conduit, or reinforced thermosetting resin 
conduit. Where installed on buildings, electrical metallic 
tubing shall be permitted, and where installed within build¬ 
ings, electrical nonmetallic tubing. Type MC cable, electri¬ 
cal metallic tubing, or Type AC cable shall be permitted. In 
all cases, an insulated equipment grounding conductor 
sized in accordance with Table 250.122 but not less than 12 
AWG shall be required. 

Exception: Where connecting to transformers for pool 
lights, liquidtight flexible metal conduit shall be permitted. 
The length shall not exceed 1.8 m [6 ft) for any one length 
or exceed 3.0 m (10 ft) in total length used. 

(2) Equipment Grounding. Other than listed low-voltage 
luminaires not requiring grounding, all through-wall light¬ 
ing assemblies, wet-niche, dry-niche, or no-niche lumi¬ 
naires shall be connected to an insulated copper equipment 
grounding conductor installed with the circuit conductors. 
The equipment grounding conductor shall be installed with- 
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out joint or splice except as permitted in (F)(2)(a) and 
(F)(2)(b). The equipment grounding conductor shall be 
sized in accordance with Table 250.122 but shall not be 
smaller than 12 AWG. 

Exception: An equipment grounding conductor between 
the wiring chamber of the secondary winding of a trans¬ 
former and a junction box shall be sized in accordance with 
the overcurrent device in this circuit. 

(a) If more than one underwater luminaire is supplied 
by the same branch circuit, the equipment grounding con¬ 
ductor, installed between the junction boxes, transformer 
enclosures, or other enclosures in the supply circuit to wet- 
niche luminaires, or between the field-wiring compartments 
of dry-niche luminaires, shall be permitted to be terminated 
on grounding terminals. 

(b) If the underwater luminaire is supplied from a 
transformer, ground-fault circuit interrupter, clock-operated 
switch, or a manual snap switch that is located between the 
panelboard and a junction box connected to the conduit that 
extends directly to the underwater luminaire, the equipment 
grounding conductor shall be permitted to terminate on 
grounding terminals on the transformer, ground-fault circuit 
interrupter, clock-operated switch enclosure, or an outlet 
box used to enclose a snap switch. 

(3) Conductors. Conductors on the load side of a ground 
fault circuit interrupter or of a transformer, used taoornply 
with the provisions of 680.23(A)(8), shall not 
ways, boxes, or enclosures containing other 
less one of the following conditions appliei 

(1) The other conductors are protected by gro 
cuit interrupters. 

(2) The other conductors are grounding con 

(3) The other conductors are supply conducto: 
through-type ground-fault circuit interrupt! 

(4) Ground-fault circuit interrupters slialTb 



(3) Be provided with electrical continuity between every 
connected metal conduit and the grounding terminals 
by means of copper, brass, or other approved 
corrosion-resistant metal that is integral with the box 

(2) Installation. Where the luminaire operates over the 
low voltage contact limit, the junction box location shall 
comply with (A)(2)(a) and (A)(2)(b). Where the luminaire 
operates at the low voltage contact limit or less, the junc¬ 
tion box location shall be permitted to comply with 
(A)(2)(c). 

(a) Vertical Spacing. The junction box shall be located 
not less than 100 mm (4 in.), measured from the inside of 
the bottom of the box, above the ground level, or pool deck, 
or not less than 200 mm (8 in.) above the maximum pool 
water level, whichever provides the greater elevation. 

(b) Horizontal Spacing. The junction box shall be lo¬ 
cated not less than 1.2 m (4 ft) from the inside wall of the 
pool, unless separated from the pool by a solid fence, wall, 
or other permanent barrie 

(cr FlushjDeck Box. iWised on a lighting system op¬ 
erating at the low voltage contact limit or less, a flush deck 
box shall be permitted if both of the following conditions 
are met: 

approved potting compound is used to fill the box 
t the entrance of moisture. 

The flush deck box is located not less than 1.2 m (4 ft) 
from the inside wall of the pool. 


panelboard that contains circuits 
than ground-fault circuit interrupters. 


rmitted in a 
Stated by other 


) Other Enclosures. An enclosure for a transformer, 
ground-fault circuit interrupter, or a similar device con¬ 
nected to a conduit that extends directly to a forming shell 
or mounting bracket of a no-niche luminaire shall meet the 
requirements of this section. 

(1) Construction. The enclosure shall be listed and labeled 
for the purpose and meet the following requirements: 

(1) Equipped with threaded entries or hubs or a nonmetal - 
lic hub 


680.24 Junction Boxes and Electrical Enclosures for 
Transformers or Ground-Fault Circuit Interrupters. 

(A) Junction Boxes. A junction box connected to a con¬ 
duit that extends directly to a forming shell or mounting 
bracket of a no-niche luminaire shall meet the requirements 
of this section. 

(1) Construction. The junction box shall be listed as a 
swimming pool junction box and shall comply with the 
following conditions: 

(1) Be equipped with threaded entries or hubs or a nonme- 
tallic hub 

(2) Be comprised of copper, brass, suitable plastic, or other 
approved corrosion-resistant material 


(2) Comprised of copper, brass, suitable plastic, or other 
approved corrosion-resistant material 

(3) Provided with an approved seal, such as duct seal at the 
conduit connection, that prevents circulation of air be¬ 
tween the conduit and the enclosures 

(4) Provided with electrical continuity between every con¬ 
nected metal conduit and the grounding terminals by 
means of copper, brass, or other approved corrosion- 
resistant metal that is integral with the box 

(2) Installation. 

(a) Vertical Spacing. The enclosure shall be located 
not less than 100 mm (4 in.), measured from the inside of 
the bottom of the box, above the ground level, or pool deck, 
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or not less than 200 mm (8 in.) above the maximum pool 
water level, whichever provides the greater elevation. 

(b) Horizontal Spacing. The enclosure shall be located 
not less than 1.2 m (4 ft) from the inside wall of the pool, 
unless separated from the pool by a solid fence, wall, or 
other permanent barrier. 

(C) Protection. Junction boxes and enclosures mounted 
above the grade of the finished walkway around the pool 
shall not be located in the walkway unless afforded addi¬ 
tional protection, such as by location under diving boards, 
adjacent to fixed structures, and the like. 

(D) Grounding Terminals. Junction boxes, transformer 
and power-supply enclosures, and ground-fault circuit- 
interrupter enclosures connected to a conduit that extends 
directly to a forming shell or mounting bracket of a no¬ 
niche luminaire shall be provided with a number of ground¬ 
ing terminals that shall be no fewer than one more than the 
number of conduit entries. 

(E) Strain Relief. The termination of a flexible cord of an 
underwater luminaire within a junction box, transformer or 
power-supply enclosure, ground-fault circuit interrupter, or 
other enclosure shall be provided with a strain relief. 


(F) Grounding. The equipment grounding conduct 
minals of a junction box, transformer enclosure, or 
enclosure in the supply circuit to a wet-niche or no¬ 
luminaire and the field-wiring chamber of a drfl§iche li 
minaire shall be connected to the eqi 
minal of the panelboard. This termi: 
connected to the panelboard enclosure. 





ly to any feeder 
branch circuits 
s article and on 
the source of a 


680.25 Feeders. These 
on the supply side of pa: 
for pool equipment coverei 
the load side of the service ei 
separately derived system. 

(A) Wiring Methods. 


(1) Feeders. Feeders shall be installed in rigid metal con¬ 
duit or intermediate metal conduit. The following wiring 
methods shall be permitted if not subject to physical dam¬ 
age: 

(1) Liquidtight flexible nonmetallic conduit 

(2) Rigid polyvinyl chloride conduit 

(3) Reinforced thermosetting resin conduit 

(4) Electrical metallic tubing where installed on or within a 
building 

(5) Electrical nonmetallic tubing where installed within a 
building 

(6) Type MC cable where installed within a building and if 
not subject to corrosive environment 


[ROP 17-119, ROP 17-120] 

(2) Aluminum Conduit. Aluminum conduit shall not be 
permitted in the pool area where subject to corrosion. 

(B) Grounding. An equipment grounding conductor shall 
be installed with the feeder conductors between the ground¬ 
ing terminal of the pool equipment panelboard and the 
grounding terminal of the applicable service equipment or 
source of a separately derived system. For other than (1) 
existing feeders covered in 680.25(A), exception, or (2) 
feeders to separate buildings that do not utilize an insulated 
equipment grounding conductor in accordance with 
680.25(B)(2), this equipment grounding conductor shall be 
insulated. 

(1) Size. This conductor shall be sized in accordance with 
250.122 but not smaller than 12 AWG. On separately de¬ 
rived systems,, this conductor shall be sized in accordance 
with 250.30(A)(3) but not smaller than 8 AWG. 



Separate Buildings. A feeder to a separate building or 
Structures, shall be permitted to supply swimming pool 
quipment branch circuits, or feeders supplying swimming 
equipment branch circuits, if the grounding arrange- 
in the separate building meet the requirements in 
. Where installed in other than existing feeders 
in 680.25(A), Exception, a separate equipment 
ding conductor shall be an insulated conductor. 

680.26 Equipotential Bonding. 

(A) Performance. The equipotential bonding required by 
this section shall be installed to reduce voltage gradients in 
the pool area. 

(B) Bonded Parts. The parts specified in 680.26(B)(1) 
through (B)(7) shall be bonded together using solid copper 
conductors, insulated covered, or bare, not smaller than 8 
AWG or with rigid metal conduit of brass or other identi¬ 
fied corrosion-resistant metal. Connections to bonded parts 
shall be made in accordance with 250.8. An 8 AWG or 
larger solid copper bonding conductor provided to reduce 
voltage gradients in the pool area shall not be required to be 
extended or attached to remote panelboards, service equip¬ 
ment, or electrodes. 

(1) Conductive Pool Shells. Bonding to conductive pool 
shells shall be provided as specified in 680.26(B)(1)(a) or 
(B)(1)(b). Poured concrete, pneumatically applied or 
sprayed concrete, and concrete block with painted or plas¬ 
tered coatings shall all be considered conductive materials 
due to water permeability and porosity. Vinyl liners and 
fiberglass composite shells shall be considered to be non- 
conductive materials. 

(a) Structural Reinforcing Steel. Unencapsulated struc¬ 
tural reinforcing steel shall be bonded together by steel tie 
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wires or the equivalent. Where structural reinforcing steel is 
encapsulated in a nonconductive compound, a copper con¬ 
ductor grid shall be installed in accordance with 
680.26(B)(1)(b). 

(b) Copper Conductor Grid. A copper conductor grid 
shall be provided and shall comply with (b)(1) through 
(b)(4). 

(1) Be constructed of minimum 8 AWG bare solid copper 
conductors bonded to each other at all points of cross¬ 
ing. The bonding shall be in accordance with 250.8 or 
other approved means. 

(2) Conform to the contour of the pool 

(3) Be arranged in a 300-mm (12-in.) by 300-mm (12-in.) 
network of conductors in a uniformly spaced perpen¬ 
dicular grid pattern with a tolerance of 100 mm (4 in.) 

(4) Be secured within or under the pool no more than 
150 mm (6 in.) from the outer contour of the pool shell 

(2) Perimeter Surfaces. The perimeter surface shall ex¬ 
tend for 1 m (3 ft) horizontally beyond the inside walls of 
the pool and shall include unpaved surfaces, as well as 
poured concrete surfaces and other types of paving. Perim¬ 
eter surfaces less than 1 m (3 ft) separated by a permanent 
wall or building 1.5 m (5 ft) in height or more shall require 
equipotential bonding on the pool side of the permanent 
wall or building. Bonding to perimeter surfaces shall be 
provided as specified in 680.26(B)(2)(a) or (2)(b) and shall 
be attached to the pool reinforcing steel or 
tor grid at a minimum of four (4) points ui d 

around the perimeter of the pool. For nom 
shells, bonding at four points shall not be reqi 


remtorcing 

*)o! 

cing steel 
Etive com- 
where the 


(a) Structural Reinforcing Steel. Struck 
steel shall be bonded in accordance with 6803 

(b) Alternate Means. Where snuctural reinf 
is not available or is encapsulated in a nonconfl 
pound, a copper conductor(s) shall do 
following requirements are met: 

(1) At least one minimum 8 AWG bare solid copper con¬ 
ductor shall be provided. 

(2) The conductors shall follow the contour of the perim¬ 
eter surface. 

(3) Only listed splices shall be permitted. 

(4) The required conductor shall be 450 mm to 600 mm 
(18 in. to 24 in.) from the inside walls of the pool. 

(5) The required conductor shall be secured within or un¬ 
der the perimeter surface 100 mm to 150 mm (4 in. to 
6 in.) below the subgrade. 

(3) Metallic Components. All metallic parts of the pool 
structure, including reinforcing metal not addressed in 
680.26(B)(1)(a), shall be bonded. Where reinforcing steel is 
encapsulated with a nonconductive compound, the reinforc¬ 
ing steel shall not be required to be bonded. 


(4) Underwater Lighting. All metal forming shells and 
mounting brackets of no-niche luminaires shall be bonded. 

Exception: Listed low-voltage lighting systems with non- 
metallic forming shells shall not require bonding. 

(5) Metal Fittings. All metal fittings within or attached to 
the pool structure shall be bonded. Isolated parts that are 
not over 100 mm (4 in.) in any dimension and do not 
penetrate into the pool structure more than 25 mm (1 in.) 
shall not require bonding. 

(6) Electrical Equipment. Metal parts of electrical equip¬ 
ment associated with the pool water circulating system, 
including pump motors and metal parts of equipment asso¬ 
ciated with pool covers, including electric motors, shall be 
bonded. 


arts of listed equipment incorporating 
of double insulation shall not be 





Exception: Metj 
an approved 
bonded. 


*ouhie-InsulatWMMiter Pump Motors. Where a 
^insulated water pump motor is installed under the 
ins efflmis rule, a solid 8 AWG copper conductor of 
nt length to make a bonding connection to a replace¬ 
ment mrair shall be extended from the bonding grid to an 
sible point in the vicinity of the pool pump motor. 
Js no connection between the swimming pool 
and the equipment grounding system for the 
this bonding conductor shall be connected to the 
lipment grounding conductor of the motor circuit. 

(b) Pool Water Heaters. For pool water heaters rated 
r at more than 50 amperes and having specific instructions 
regarding bonding and grounding, only those parts desig¬ 
nated to be bonded shall be bonded and only those parts 
designated to be grounded shall be grounded. 

(7) Fixed Metal Parts. All fixed metal parts shall be 
bonded including, but not limited to, metal-sheathed cables 
and raceways, metal piping, metal awnings, metal fences, 
and metal door and window frames. 

Exception No. 1: Those separated from the pool by a 
permanent barrier that prevents contact by a person shall 
not be required to be bonded. 

Exception No. 2: Those greater than 1.5 m {5 ft) horizon¬ 
tally from the inside walls of the pool shall not be required 
to be bonded. [ROP 17-129] 

Exception No. 3: Those greater than 3.7 m (12 ft) mea¬ 
sured vertically above the maximum water level of the pool, 
or as measured vertically above any observation stands, 
towers, or platforms, or any diving structures, shall not be 
required to be bonded. 

(C) Pool Water. Where none of the bonded parts is in 
direct connection with the pool water, the pool water shall 
be in direct contact with an approved corrosion-resistant 
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conductive surface that exposes not less than 5800 mm" (9 
in. 2 ) of surface area to the pool water at all times. The 
conductive surface shall be located where it is not exposed 
to physical damage or dislodgement during usual pool ac¬ 
tivities, and it shall be bonded in accordance with 
680.26(B). [ROP 17-131] 

680.27 Specialized Pool Equipment. 

(A) Underwater Audio Equipment. All underwater audio 
equipment shall be identified. [ROP 17-133] 

(1) Speakers. Each speaker shall be mounted in an ap¬ 
proved metal forming shell, the front of which is enclosed 
by a captive metal screen, or equivalent, that is bonded to, 
and secured to, the forming shell by a positive locking 
device that ensures a low-resistance contact and requires a 
tool to open for installation or servicing of the speaker. The 
forming shell shall be installed in a recess in the wall or 
floor of the pool. 

(2) Wiring Methods. Rigid metal conduit of brass or other 
identified corrosion-resistant metal, liquidtight flexible non- 
metallic conduit (LFNC-B), rigid polyvinyl chloride con¬ 
duit, or reinforced thermosetting resin conduit shall extend 
from the forming shell to a listed junction box oi 
enclosure as provided in 680.24. Where rigid polyvlny 
chloride conduit, reinforced thermosetting resin conduit,, or 
liquidtight flexible nonmetallic conduit is used, an 8 A' 
insulated solid or stranded copper bond^^umper shall 
installed in this conduit. The bonding jumper sfll be ter¬ 
minated in the forming shell and the junction box 
termination of the 8 AWG bonding jumper in the forming 
shell shall be covered with, or encajKula^^un, a listed 
potting compound to prot^rsuch connection from the pos 
sible deteriorating effect of'pool water. 

(3) Forming Shell and Metal Screeiyphe forming shell 
and metal screen shall be of brass or other approved 
corrosion-resistant metal. All forming shells shall include 
provisions for terminating an 8 AWG copper conductor. 

(B) Electrically Operated Pool Covers. 

(1) Motors and Controllers. The electric motors, control¬ 
lers, and wiring shall be located not less than 1.5 m (5 ft) 
from the inside wall of the pool unless separated from the 
pool by a wall, cover, or other permanent barrier. Electric 
motors installed below grade level shall be of the totally 
enclosed type. The device that controls the operation of the 
motor for an electrically operated pool cover shall be lo¬ 
cated such that the operator has full view of the pool. 

Informational Note No. 1: For cabinets installed in damp 

and wet locations, see 312.2. 

Informational Note No. 2: For switches or circuit breakers 

installed in wet locations, see 404.4. 



Informational Note No. 3: For protection against liquids, 
see 430.11. 

(2) Protection. The electric motor and controller shall be 
connected to a circuit protected by a ground-fault circuit 
interrupter. 

(C) Deck Area Heating. The provisions of this section 
shall apply to all pool deck areas, including a covered pool, 
where electrically operated comfort heating units are in¬ 
stalled within 6.0 m (20 ft) of the inside wall of the pool. 

(1) Unit Heaters. Unit heaters shall be rigidly mounted to 
the structure and shall be of the totally enclosed or guarded 
type. Unit heaters shall not be mounted over the pool or 
within the area extending 1.5 m (5 ft) horizontally from the 
inside walls qf a pool. 

(2) Permanently Wired Radiant Heaters. Radiant elec¬ 
tric heaters shall be suitably guarded and securely fastened 
to Iheir mounting device(s). Heaters shall not be installed 

a pool or withiikthe area extending 1.5 m (5 ft) hori- 
Fontalh^from the inside walls of the pool and shall be 
lounted at least 3.7 m (12 ft) vertically above the pool 
unless otherwise approved. 

iant Heating Cables Not Permitted. Radiant 
tin^rables embedded in or below the deck shall not be 
ted. 


III. Storable Pools, Spas, and Hot Tubs 
[ROP 17-137] 

680.30 General. Electrical installations at storable pools, 
spas, or hot tubs shall comply with the provisions of Part I 
and Part III of this article. [ROP 17-137] 

680.31 Pumps. A cord-connected pool filter pump shall 
incorporate an approved system of double insulation or its 
equivalent and shall be provided with means for grounding 
only the internal and nonaccessible non-current-carrying 
metal parts of the appliance. 

The means for grounding shall be an equipment 
grounding conductor run with the power-supply conductors 
in the flexible cord that is properly terminated in a 
grounding-type attachment plug having a fixed grounding 
contact member. 

Cord-connected pool filter pumps shall be provided 
with a ground-fault circuit interrupter that is an integral part 
of the attachment plug or located in the power supply cord 
within 300 mm (12 in.) of the attachment plug. 

680.32 Ground-Fault Circuit Interrupters Required. 

All electrical equipment, including power-supply cords, 
used with storable pools shall be protected by ground-fault 
circuit interrupters. 
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All 125-volt, 15- and 20-ampere receptacles located 
within 6.0 m (20 ft) of the inside walls of a storable pool, 
spa, or hot tub shall be protected by a ground-fault circuit 
interrupter. In determining these dimensions, the distance to 
be measured shall be the shortest path the supply cord of an 
appliance connected to the receptacle would follow without 
piercing a floor, wall, ceiling, doorway with hinged or slid¬ 
ing door, window opening, or other effective permanent 
barrier. [ROP 17-137] 

Informational Note: For flexible cord usage, see 400.4. 

680.33 Luminaires. An underwater luminaire, if installed, 
shall be installed in or on the wall of the storable pool, spa, 
or hot tub. It shall comply with either 680.33(A) or (B). 

[ROP 17-137] 

(A) Within the Low Voltage Contact Limit. A luminaire 
shall be part of a cord-and-plug-connected lighting assem¬ 
bly. This assembly shall be listed as an assembly for the 
purpose and have the following construction features: 

(1) No exposed metal parts 

(2) A luminaire lamp that is suitable for use at the supplied 
voltage 

(3) An impact-resistant polymeric lens, luminaire body 5j 
and transformer enclosure 

(4) A transformer or power supply meeting the require¬ 
ments of 680.23(A)(2) with a primary rating naLpver 
150 volts 


(B) Over the Low Voltage Contact Limit 
150 Volts. A lighting assembly without a 
power supply and with the luminairc f laax n(s) 
not over 150 volts shall be permit 
connected where the assembly 
the purpose. The installaf 
680.23(A)(5), and the assembly 
construction features: 

(1) No exposed metal parts 

(2) An impact-resistant polymeric lens and luminaire body 

(3) A ground-fault circuit interrupter with open neutral 
conductor protection as an integral part of the assembly 


IV. Spas and Hot Tubs 

680.40 General. Electrical installations at spas and hot 
tubs shall comply with the provisions of Part I and Part IV 
of this article. 

680.41 Emergency Switch for Spas and Hot Tubs. A 

clearly labeled emergency shutoff or control switch for the 
purpose of stopping the motor(s) that provide power to the 
recirculation system and jet system shall be installed at a 
point readily accessible to the users and not less than 1.5 m 
(5 ft) away, adjacent to, and within sight of the spa or hot 
tub. This requirement shall not apply to single-family 
dwellings. 

680.42 Outdoor Installations. A spa or hot tub installed 
outdoors shall comply with the provisions of Parts I and II 
of this article, except as permitted in 680.42(A) and (B), 
that would otherwise apply to pools installed outdoors. 


equip: 

utili 



onnectlons. Listed packaged spa or hot tub 
assemblies or self-contained spas or hot tubs 
iry-installedvor assembled control panel or 
be permitted to use flexible connections as 
0.42(A)(1) and (A)(2). 

Flexible Conduit. Liquidtight flexible metal conduit or 
le nonmetallic conduit shall be permitted. 

>9, ROP 17-140] 

Cord-and-Plug Connections. Cord-and-plug connec- 
with a cord not longer than 4.6 m (15 ft) shall be 
mitted where protected by a ground-fault circuit inter- 
pter. 

(B) Bonding. Bonding by metal-to-metal mounting on a 
common frame or base shall be permitted. The metal bands 
or hoops used to secure wooden staves shall not be required 
to be bonded as required in 680.26. 

Equipotential bonding of perimeter surfaces in accor¬ 
dance with 680.26(B)(2) shall not be required to be pro¬ 
vided for spas and hot tubs where all of the following 
conditions apply: 

(1) The spa or hot tub shall be listed as a self-contained spa 
for aboveground use. 


(4) The luminaire lamp permanently connected to the 
ground-fault circuit interrupter with open-neutral pro¬ 
tection 

(5) Compliance with the requirements of 680.23(A) 

680.34 Receptacle Locations. Receptacles shall not be lo¬ 
cated less than 1.83 m (6 ft) from the inside walls of a 
storable pool, spa, or hot tub. In determining these dimen¬ 
sions, the distance to be measured shall be the shortest path 
the supply cord of an appliance connected to the receptacle 
would follow without piercing a floor, wall, ceiling, door¬ 
way with hinged or sliding door, window opening, or other 
effective permanent barrier. [ROP 17-137] 


(2) The spa or hot tub shall not be identified as suitable 
only for indoor use. 

(3) The installation shall be in accordance with the manu¬ 
facturer’s instructions and shall be located on or above 
grade. 

(4) The top rim of the spa or hot tub shall be at least 71 cm 
(28 in.) above all perimeter surfaces that are within 
76 cm (30 in.) measured horizontally from the spa or 
hot tub. The height of nonconductive external steps for 
entry to or exit from the self-contained spa shall not be 
used to reduce or increase this rim height measurement. 

[ROP 17-142] 
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Informational Note: For information regarding listing re¬ 
quirements for self-contained spas and hot tubs, see 
ANSI/UL 1563 - 2010, Standard for Electric Spas, Equip¬ 
ment Assemblies, and Associated Equipment. [ROP 
17-142] 

(C) Interior Wiring to Outdoor Installations. In the in¬ 
terior of a dwelling unit or in the interior of another build¬ 
ing or structure associated with a dwelling unit, any of the 
wiring methods recognized or permitted in Chapter 3 of 
this Code that contains a copper equipment grounding con¬ 
ductor that is insulated or enclosed within the outer sheath 
of the wiring method and not smaller than 12 AWG shall be 
permitted to be used for the connection to motor, heating, 
and control loads that are part of a self-contained spa or hot 
tub or a packaged spa or hot tub equipment assembly. Wir¬ 
ing to an underwater luminaire shall comply with 680.23 or 
680.33. [ROP 17-145] 

680.43 Indoor Installations. A spa or hot tub installed 
indoors shall comply with the provisions of Parts I and II of 
this article except as modified by this section and shall be 
connected by the wiring methods of Chapter 3. 

Exception No. 1: Listed spa and hot tub package i 
rated 20 amperes or less shall be permitted to be con 
plug-connected to facilitate the removal or disconnect! 
the unit for maintenance and repair. 

Exception No. 2: The equipotential 
for perimeter surfaces in 680.26(B )(I 
listed self-contained spa or hot tub in, 
ished floor. 

Exception No. 3: For dwelling unit(s 
spa or hot tub is installed ipdoors, the 
quirements of 680.42(C) shall also appl 



| ly, wnet-e a listed 
ring method re- 

[ROP 17-146] 


(A) Receptacles. At least one 1 ZS^tilt, 15- or 20-ampere 
receptacle on a general-purpose branch circuit shall be lo¬ 
cated not less than 1.83 m (6 ft) from, and not exceeding 
3.0 m (10 ft) from, the inside wall of the spa or hot tub. 


(4) Measurements. In determining the dimensions in this 
section addressing receptacle spacings, the distance to be 
measured shall be the shortest path the supply cord of an 
appliance connected to the receptacle would follow without 
piercing a floor, wall, ceiling, doorway with hinged or slid¬ 
ing door, window opening, or other effective permanent 
barrier. 

(B) Installation of Luminaires, Lighting Outlets, and 
Ceiling-Suspended (Paddle) Fans. 

(1) Elevation. Luminaires, except as covered in 
680.43(B)(2), lighting outlets, and ceiling-suspended 
(paddle) fans located over the spa or hot tub or within 1.5 
m (5 ft) from the inside walls of the spa or hot tub shall 
comply with the clearances specified in (B)(1)(a), 

(B) (1)(b), and (B)(1)(c) above the maximum water level. 

t GFCI. Where no GFCI protection is pro- 
ing height shall be not less than 3.7 m 

With GFCI. Where GFCI protection is provided, 
ting height shall be permitted to be not less than 
ft 6 in.). 

Below 2.3 m (7 ft 6 in.). Luminaires meeting the 
rents of item (1) or (2) and protected by a ground- 
fit interrupter shall be permitted to be installed 
han 2.3 m (7 ft 6 in.) over a spa or hot tub: 

(1) Recessed luminaires with a glass or plastic lens, non- 
metallic or electrically isolated metal trim, and suitable 
for use in damp locations 

(2) Surface-mounted luminaires with a glass or plastic 
globe, a nonmetallic body, or a metallic body isolated 
from contact, and suitable for use in damp locations 

(2) Underwater Applications. Underwater luminaires 
shall comply with the provisions of 680.23 or 680.33. 

(C) Switches. Switches shall be located at least 1.5 m 
(5 ft), measured horizontally, from the inside walls of the 
spa or hot tub. 

(D) Bonding. The following parts shall be bonded to¬ 
gether: 



(1) Location. Receptacles shall be located at least 1.83 m 
(6 ft) measured horizontally from the inside walls of the spa 
or hot tub. 

(2) Protection, General. Receptacles rated 125 volts and 
30 amperes or less and located within 3.0 m (10 ft) of the 
inside walls of a spa or hot tub shall be protected by a 
ground-fault circuit interrupter. 

(3) Protection, Spa or Hot Tub Supply Receptacle. Re¬ 
ceptacles that provide power for a spa or hot tub shall be 
ground-fault circuit-interrupter protected. 


(1) All metal fittings within or attached to the spa or hot 
tub structure 

(2) Metal parts of electrical equipment associated with the 
spa or hot tub water circulating system, including pump 
motors, unless part of a listed self-contained spa or hot 
tub 

(3) Metal raceway and metal piping that are within 1.5 m 
(5 ft) of the inside walls of the spa or hot tub and that 
are not separated from the spa or hot tub by a perma¬ 
nent barrier 

(4) All metal surfaces that are within 1.5 m (5 ft) of the 
inside walls of the spa or hot tub and that are not 
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separated from the spa or hot tub area by a permanent 
barrier 

Exception: Small conductive surfaces not likely to become 
energized, such as air and water jets and drain fittings, 
where not connected to metallic piping, towel bars, mirror 
frames, and similar nonelectrical equipment, shall not be 
required to be bonded. 

(5) Electrical devices and controls that are not associated 
with the spas or hot tubs and that are located less than 
1.5 m (5 ft) from such units; otherwise, they shall be 
bonded to the spa or hot tub system 


V. Fountains 

680.50 General. The provisions of Part I and Part V of this 
article shall apply to all permanently installed fountains as 
defined in 680.2. Fountains that have water common to a 
pool shall additionally comply with the requirements in 
Part II of this article. Part V does not cover self-contained, 
portable fountains. Portable fountains shall comply with 
Parts II and III of Article 422. 

680.51 Luminaires, Submersible Pumps, and Other 
Submersible Equipment. 


(E) Methods of Bonding. All metal parts associated with 
the spa or hot tub shall be bonded by any of the following 
methods: 

(1) The interconnection of threaded metal piping and fit¬ 
tings 

(2) Metal-to-metal mounting on a common frame or base 

(3) The provisions of a solid copper bonding jumper, insu¬ 
lated, covered, or bare, not smaller than 8 AWG 

(F) Grounding. The following equipment shall be 
grounded: 

(1) All electrical equipment located within 1.5 m (5 ft) o: 
the inside wall of the spa or hot tub 

(2) All electrical equipment associated with the circulating 
system of the spa or hot tub 

(G) Underwater Audio Equipment. U 

equipment shall comply with the provisions 
this article. 

680.44 Protection. Except asrtiierwise provided in^fhis 
section, the outlet(s) that supplies a self-contained spa or 
hot tub, a packaged spa or hot tub equipment assembly, or 
a field-assembled spa or hot tub shall be protected by a 
ground-fault circuit interrupter. 

(A) Listed Units. If so marked, a listed self-contained unit 
or listed packaged equipment assembly that includes inte¬ 
gral ground-fault circuit-interrupter protection for all elec¬ 
trical parts within the unit or assembly (pumps, air blowers, 
heaters, lights, controls, sanitizer generators, wiring, and so 
forth) shall be permitted without additional GFCI protec¬ 
tion. 



(A) Ground-Fault Circuit Interrupter. Luminaires, sub¬ 
mersible pumps, and other submersible equipment, unless 
listed for operation aUow voltage contact limit or less and 
supplied by a transformer or power supply that complies 
with 680.23(A)(2), shall be protected by a ground-fault cir¬ 
cuit interrup 

(B) Operating Voltage, b [o luminaires shall be installed 
for opeiation on supply circuits over 150 volts between 
conductors. Submersible pumps and other submersible 
equipment shall operate at 300 volts or less between con- 
ductors. 

inaire Lenses. Luminaires shall be installed with 
fe luminaire lens below the normal water level 
fountain unless listed for above-water locations. A 
inaire facing upward shall comply with either (1) or (2): 
Have the lens guarded to prevent contact by any person 
[ROP 17-2] 

(2) Be listed for use without a guard 

(D) Overheating Protection. Electrical equipment that de¬ 
pends on submersion for safe operation shall be protected 
against overheating by a low-water cutoff or other approved 
means when not submerged. 

(E) Wiring. Equipment shall be equipped with provisions 
for threaded conduit entries or be provided with a suitable 
flexible cord. The maximum length of each exposed cord in 
the fountain shall be limited to 3.0 m (10 ft). Cords extend¬ 
ing beyond the fountain perimeter shall be enclosed in ap¬ 
proved wiring enclosures. Metal parts of equipment in con¬ 
tact with water shall be of brass or other approved 
corrosion-resistant metal. 


(B) Other Units. A field-assembled spa or hot tub rated 3 
phase or rated over 250 volts or with a heater load of more 
than 50 amperes shall not require the supply to be protected 
by a ground-fault circuit interrupter. 

Informational Note: See 680.2 for definitions of self- 
contained spa or hot tub and for packaged spa or hot tub 
equipment assembly. 


(F) Servicing. All equipment shall be removable from the 
water for relamping or normal maintenance. Luminaires 
shall not be permanently embedded into the fountain struc¬ 
ture such that the water level must be reduced or the foun¬ 
tain drained for relamping, maintenance, or inspection. 

(G) Stability. Equipment shall be inherently stable or be 
securely fastened in place. 


70-624 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 680 — SWIMMING POOLS, FOUNTAINS, AND SIMILAR INSTALLATIONS 


680.57 


680.52 Junction Boxes and Other Enclosures. 

(A) General. Junction boxes and other enclosures used for 
other than underwater installation shall comply with 
680.24. 

(B) Underwater Junction Boxes and Other Underwater 
Enclosures. Junction boxes and other underwater enclo¬ 
sures shall meet the requirements of 680.52(B)(1) and 
(B)(2). 

(1) Construction. 


(B) Supplied by a Flexible Cord. Electrical equipment 
that is supplied by a flexible cord shall have all exposed 
non-current-carrying metal parts grounded by an insulated 
copper equipment grounding conductor that is an integral 
part of this cord. The equipment grounding conductor shall 
be connected to an equipment grounding terminal in the 
supply junction box, transformer enclosure, power supply 
enclosure, or other enclosure. 

680.56 Cord-and-Plug-Connected Equipment. 


(a) Underwater enclosures shall be equipped with pro¬ 
visions for threaded conduit entries or compression glands 
or seals for cord entry. 

(b) Underwater enclosures shall be submersible and 
made of copper, brass, or other approved corrosion- 
resistant material. 

(2) Installation. Underwater enclosure installations shall 
comply with (a) and (b). 

(a) Underwater enclosures shall be filled with an ap¬ 
proved potting compound to prevent the entry of moisture. 

(b) Underwater enclosures shall be firmly attached to 
the supports or directly to the fountain surface and bonded 
as required. Where the junction box is supported 
conduits in accordance with 314.23(E) and (F), the co 
shall be of copper, brass, stainless steel, or other appri 
corrosion-resistant metal. Where the box i| fed by nom 
tallic conduit, it shall have additional sujmnrts anWastene: 
of copper, brass, or other approved corrosioif-resi stair 
material. 

680.53 Bonding. All metal piping systems associated with 
the fountain shall be bonjl to the equipment grounding 
conductor of the branch circuit supplying the fountain. 



Informational Note: 
conductors. 


See 


,122 for sizing of these 


680.54 Grounding. The following equipment shall be 
grounded: 

(1) Other than listed low-voltage luminaires not requiring 
grounding, all electrical equipment located within the 
fountain or within 1.5 m (5 ft) of the inside wall of the 
fountain 


(A) Ground-Fault Circuit Interrupter. All electrical 
equipment, including power-supply cords, shall be pro¬ 
tected by ground-fault circuit interrupters. 

(B) Cord Type. Flexible cord immersed in or exposed to 
water shall be of a type for extra-hard usage, as designated 
in Table 400.4, and shall be a listed type with a “W” suffix. 

ling.^Hie end of the flexible cord jacket and the 
>le cord conductor termination within equipment shall 
covered with, or encapsulated in, a suitable potting com¬ 
pound to prevent the entry of water into the equipment 
the cord or its conductors. In addition, the ground 
ction within equipment shall be similarly treated to 
protect such connections from the deteriorating effect of 
Jer that may enter into the equipment. 


(D) Terminations. Connections with flexible cord shall be 
permanent, except that grounding-type attachment plugs 
and receptacles shall be permitted to facilitate removal or 
disconnection for maintenance, repair, or storage of fixed or 
stationary equipment not located in any water-containing 
part of a fountain. 

680.57 Signs. 

(A) General. This section covers electric signs installed 
within a fountain or within 3.0 m (10 ft) of the fountain 
edge. 

(B) Ground-Fault Circuit-Interrupter Protection for 
Personnel. All circuits supplying the sign shall have 
ground-fault circuit-interrupter protection for personnel. 

(C) Location. 


(2) All electrical equipment associated with the recirculat¬ 
ing system of the fountain 

(3) Panelboards that are not part of the service equipment 
and that supply any electrical equipment associated 
with the fountain 

680.55 Methods of Grounding. 

(A) Applied Provisions. The provisions of 680.21(A), 

680.23(B)(3), 680.23(F)(1) and (F)(2), 680.24(F), and 

680.25 shall apply. 


(1) Fixed or Stationary. A fixed or stationary electric sign 
installed within a fountain shall be not less than 1.5 m (5 ft) 
inside the fountain measured from the outside edges of the 
fountain. 

(2) Portable. A portable electric sign shall not be placed 
within a pool or fountain or within 1.5 m (5 ft) measured 
horizontally from the inside walls of the fountain. 

(D) Disconnect. A sign shall have a local disconnecting 
means in accordance with 600.6 and 680.12. 
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(E) Bonding and Grounding. A sign shall be grounded 
and bonded in accordance with 600.7. 

680.58 GFCI Protection for Adjacent Receptacle Out¬ 
lets. All 15- or 20-ampere, single-phase 125-volt through 
250-volt receptacles located within 6.0 m (20 ft) of a foun¬ 
tain edge shall be provided with GFCI protection. 

VI. Pools and Tubs for Therapeutic Use 

680.60 General. The provisions of Part I and Part VI of 
this article shall apply to pools and tubs for therapeutic use 
in health care facilities, gymnasiums, athletic training 
rooms, and similar areas. Portable therapeutic appliances 
shall comply with Parts II and III of Article 422. 

Informational Note: See 517.2 for definition of health care 
facilities. 

680.61 Permanently Installed Therapeutic Pools. Thera¬ 
peutic pools that are constructed in the ground, on the 
ground, or in a building in such a manner that the pool 
cannot be readily disassembled shall comply with Parts I 
and II of this article. 

Exception: The limitations of 680.22(B)(1) through (C)(4) 
shall not apply where all luminaires are of the totally en¬ 
closed type. 

680.62 Therapeutic Tubs (Hydrother: 

Therapeutic tubs, used for the submersion an! 
patients, that are not easily moved from one 
other in normal use or that are fastenei 
cured at a specific location, including associati 
terns, shall conform to Part VI. 

(A) Protection. Except as otherwise provided in this sec¬ 
tion, the outlet(s) that supplies a self-cofitained therapeutic 
tub or hydrotherapeutic tank, a packaged therapeutic tub or 
hydrotherapeutic tank, or a field-assembled therapeutic tub 
or hydrotherapeutic tank shall be protected by a ground- 
fault circuit interrupter. 

(1) Listed Units. If so marked, a listed self-contained unit 
or listed packaged equipment assembly that includes inte¬ 
gral ground-fault circuit-interrupter protection for all elec¬ 
trical parts within the unit or assembly (pumps, air blowers, 
heaters, lights, controls, sanitizer generators, wiring, and so 
forth) shall be permitted without additional GFCI protec¬ 
tion. 

(2) Other Units. A therapeutic tub or hydrotherapeutic 
tank rated 3 phase or rated over 250 volts or with a heater 
load of more than 50 amperes shall not require the supply 
to be protected by a ground-fault circuit interrupter. 



(B) Bonding. The following parts shall be bonded to¬ 
gether: 

(1) All metal fittings within or attached to the tub structure 

(2) Metal parts of electrical equipment associated with the 
tub water circulating system, including pump motors 

(3) Metal-sheathed cables and raceways and metal piping 
that are within 1.5 m (5 ft) of the inside walls of the tub 
and not separated from the tub by a permanent barrier 

(4) All metal surfaces that are within 1.5 m (5 ft) of the 
inside walls of the tub and not separated from the tub 
area by a permanent barrier 

(5) Electrical devices and controls that are not associated 
with the therapeutic tubs and located within 1.5 m (5 ft) 
from such units.., 

Exception: Small Conductive surfaces not likely to become 
energized, such as air and water jets and drain fittings not 
connected*, tn metaflic piping, and towel bars, mirror 
frames^Ra similar nonelectrical equipment not connected 
to metal framijgg, shall not be required to be bonded. 

s of Bonding. All metal parts required to be 
is section shall be bonded by any of the fol- 

connection of threaded metal piping and fit- 


Metal-to-metal mounting on a common frame or base 
Connections by suitable metal clamps 
r 4) By the provisions of a solid copper bonding jumper, 
insulated, covered, or bare, not smaller than 8 AWG 


(D) Grounding. 

(1) Fixed or Stationary Equipment. The equipment 
specified in (a) and (b) shall be connected to the equipment 
grounding conductor. 

(a) Location. All electrical equipment located within 
1.5 m (5 ft) of the inside wall of the tub shall be connected 
to the equipment grounding conductor. 

(b) Circulation System. All electrical equipment asso¬ 
ciated with the circulating system of the tub shall be con¬ 
nected to the equipment grounding conductor. 

(2) Portable Equipment. Portable therapeutic appliances 
shall meet the grounding requirements in 250.114. 

(E) Receptacles. All receptacles within 1.83 m (6 ft) of a 
therapeutic tub shall be protected by a ground-fault circuit 
interrupter. 

(F) Luminaires. All luminaires used in therapeutic tub ar¬ 
eas shall be of the totally enclosed type. 
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VII. Hydromassage Bathtubs 

680.70 General. Hydromassage bathtubs as defined in 
680.2 shall comply with Part VII of this article. They shall 
not be required to comply with other parts of this article. 


ARTICLE 682 

Natural and Artificially Made Bodies of 
Water 


680.71 Protection. Hydromassage bathtubs and their asso¬ 
ciated electrical components shall be on an individual 
branch circuit(s) and protected by a readily accessible 
ground-fault circuit interrupter. All 125-volt, single-phase 
receptacles not exceeding 30 amperes and located within 
1.83 m (6 ft) measured horizontally of the inside walls of a 
hydromassage tub shall be protected by a ground-fault cir¬ 
cuit interrupter. 


I. General 

682.1 Scope. This article applies to the installation of elec¬ 
trical wiring for, and equipment in and adjacent to, natural 
or artificially made bodies of water not covered by other 
articles in this Code, such as but not limited to aeration 
ponds, fish farm ponds, storm retention basins, treatment 
ponds, irrigation (channels) facilities. 


680.72 Other Electrical Equipment. Luminaires, 
switches, receptacles, and other electrical equipment lo¬ 
cated in the same room, and not directly associated with a 
hydromassage bathtub, shall be installed in accordance with 
the requirements of Chapters 1 through 4 in this Code cov¬ 
ering the installation of that equipment in bathrooms. 

680.73 Accessibility. Hydromassage bathtub electrical 
equipment shall be accessible without damaging th 
ing structure or building finish. Where the hydroma! 
bathtub is cord- and plug-connected with the supply 
tacle accessible only through a service access opening 
receptacle shall be installed so that its face is within dire 
view and not more than 300 mm (I ft) of the 

680.74 Bonding. Both metal piping systems and grounded 
metal parts in contact witHKhe circulating water shall be 
bonded together using a solid copper bonding jumper, in¬ 
sulated, covered, or bar^not smaller than 8 AWG. The 
bonding jumper shall be connected to the terminal on the 
circulating pump motor that is Intended for this purpose. 
The bonding jumper shall not be r^uired to be connected 
to a double insulated circulating pump motor. The 8 AWG 
or larger solid copper bonding jumper shall be required for 
equipotential bonding in the area of the hydromassage bath¬ 
tub and shall not be required to be extended or attached to 
any remote panelboard, service equipment, or any elec¬ 
trode. The 8 AWG or larger solid copper bonding jumper 
shall be long enough to terminate on a replacement non- 
double-insulated pump motor and shall be terminated to the 
equipment grounding conductor of the branch circuit of the 
motor when a double-insulated circulating pump motor is 
used. [ROP 17-148] 



682.2 Definitions. 

Artificially Made Bodies of Water. Bodies of water that 
have been constructed or modified to fit some decorative or 
commercial purpose such as, but not limited to, aeration 
fish farm p&nds, storm retention basins, treatment 
, and irrigation (khannel) facilities. Water depths may 
nally or be controlled. 

ical Datum Plane. The electrical datum plane as 
this article is defined as follows: 


d areas subject to tidal fluctuation, the electrical 
turn plane is a horizontal plane 600 mm (2 ft) above 
e highest tide level for the area occurring under nor¬ 
mal circumstances, that is, highest high tide. 

(2) In land areas not subject to tidal fluctuation, the elec¬ 
trical datum plane is a horizontal plane 600 mm (2 ft) 
above the highest water level for the area occurring 
under normal circumstances. 

(3) In land areas subject to flooding, the electrical datum 
plane based on (1) or (2) above is a horizontal plane 
600 mm (2 ft) above the point identified as the prevail¬ 
ing high water mark or an equivalent benchmark based 
on seasonal or storm-driven flooding from the authority 
having jurisdiction. 

(4) The electrical datum plane for floating structures and 
landing stages that are (1) installed to permit rise and 
fall response to water level, without lateral movement, 
and (2) that are so equipped that they can rise to the 
datum plane established for (1) or (2) above, is a hori¬ 
zontal plane 750 mm (30 in.) above the water level at 
the floating structure or landing stage and a minimum 
of 300 mm (12 in.) above the level of the deck. 

Equipotential Plane. An area where wire mesh or other 
conductive elements are on, embedded in, or placed under 
the walk surface within 75 mm (3 in.), bonded to all metal 
structures and fixed nonelectrical equipment that may be¬ 
come energized, and connected to the electrical grounding 
system to prevent a difference in voltage from developing 
within the plane. 
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Natural Bodies of Water. Bodies of water such as lakes, 
streams, ponds, rivers, and other naturally occurring bodies 
of water, which may vary in depth throughout the year. 

Shoreline. The farthest extent of standing water under the 
applicable conditions that determine the electrical datum 
plane for the specified body of water. 

682.3 Other Articles. If the water is subject to boat traffic, 
the wiring shall comply with 555.13(B). 


Exception: Equipment listed for direct connection and 
equipment anchored in place and incapable of routine 
movement caused by water currents or wind shall be per¬ 
mitted to be connected using wiring methods covered in 
682.13. 

(A) Type and Marking. The disconnecting means shall 
consist of a circuit breaker, a switch, or both, or a molded 
case switch, and shall be specifically marked to designate 
which receptacle or other outlet it controls. 


II. Installation 

682.10 Electrical Equipment and Transformers. Electri¬ 
cal equipment and transformers, including their enclosures, 
shall be specifically approved for the intended location. No 
portion of an enclosure for electrical equipment not identi¬ 
fied for operation while submerged shall be located below 
the electrical datum plane. 

682.11 Location of Service Equipment. On land, the ser¬ 
vice equipment for floating structures and submersible elec¬ 
trical equipment shall be located no closer than 1.5 m (5 ft) 
horizontally from the shoreline and live parts shall be el¬ 
evated a minimum of 300 mm (12 in.) above the electrical' 
datum plane. Service equipment shall disconnect when the 
water level reaches the height of the established electrical 
datum plane. 

682.12 Electrical Connections. All electrical. conne| 
not intended for operation while submerged smll be located 
at least 300 mm (12 in.) above the deck of a floating or 
fixed structure, but not below the electrical datum 

682.13 Wiring Methods and Installation. Liquidtight 
flexible metal conduit or liquidtight flexible^onmetallic 
conduit with approved fittings shall be permitted for feeders 
and where flexible connections are required for services. 
Extra-hard usage portable power cable listed for both wet 
locations and sunlight resistance shall be permitted for a 
feeder or a branch circuit where flexibility is required. 
Other wiring methods suitable for the location shall be per¬ 
mitted to be installed where flexibility is not required. Tem¬ 
porary wiring in accordance with 590.4 shall be permitted. 

682.14 Submersible or Floating Equipment Power Con¬ 
nection^). Submersible or floating equipment shall be 
cord- and plug-connected, using extra-hard usage cord, as 
designated in Table 400.4, and listed with a “W” suffix. The 
plug and receptacle combination shall be arranged to be 
suitable for the location while in use. Disconnecting means 
shall be provided to isolate each submersible or floating 
electrical equipment from its supply connection(s) without 
requiring the plug to be removed from the receptacle. 



Fifteen- 


jjrcuit-Interrupter (GFCI) Pro- 

pere single-phase, 125-volt 


(B) Location. The disconnecting means shall be readily 
accessible on land, located not more than 750 mm (30 in.) 
from the receptacle it controls, and shall be located in the 
supply circuit ahead of the receptacle. The disconnecting 
means shall be located within sight of but not closer than 
1.5 m (5 ft) from Are shoreline and shall be elevated not 
less than 300 mm (J2 in.) above the datum plane. 

682.15 
tection. 

through 250-volt receptacleWnstalled outdoors and in or on 
floating buildings or structures within the electrical datum 
plarif^S|ea that are used for storage, maintenance, or repair 
where portable electric hand tools, electrical diagnostic 
ament^or portable lighting equipment are to be used 
shall be provided with GFCI protection. The GFCI protec- 
devicS'shall be located not less than 300 mm (12 in.) 
bove the established electrical datum plane. 


II. Grounding and Bonding 

682.30 Grounding. Wiring and equipment within the 
scope of this article shall be grounded as specified in Part 
III of 553, 555.15, and with the requirements in Part III of 
this article. 

682.31 Equipment Grounding Conductors. 

(A) Type. Equipment grounding conductors shall be insu¬ 
lated copper conductors sized in accordance with 250.122 
but not smaller than 12 AWG. 

(B) Feeders. Where a feeder supplies a remote panelboard 
or other distribution equipment, an insulated equipment 
grounding conductor shall extend from a grounding termi¬ 
nal in the service to a grounding terminal and busbar in the 
remote panelboard or other distribution equipment. 

(C) Branch Circuits. The insulated equipment grounding 
conductor for branch circuits shall terminate at a grounding 
terminal in a remote panelboard or other distribution equip¬ 
ment or the grounding terminal in the main service equip¬ 
ment. 

(D) Cord-and-Plug-Connected Appliances. Where 
grounded, cord-and-plug-connected appliances shall be 
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685.10 


grounded by means of an equipment grounding conductor 
in the cord and a grounding-type attachment plug. 


(1) An orderly shutdown is required to minimize personnel 
hazard and equipment damage. 


682.32 Bonding of Non-Current-Carrying Metal Parts. 

All metal parts in contact with the water, all metal piping, 
tanks, and all non-current-carrying metal parts that are 
likely to become energized shall be bonded to the ground¬ 
ing terminal in the distribution equipment. 

682.33 Equipotential Planes and Bonding of Equipoten- 
tial Planes. An equipotential plane shall be installed where 
required in this section to mitigate step and touch voltages 
at electrical equipment. 


(2) The conditions of maintenance and supervision ensure 
that qualified persons service the system. The name(s) 
of the qualified person(s) shall be kept in a permanent 
record at the office of the establishment in charge of the 
completed installation. 

A person designated as a qualified person shall pos¬ 
sess the skills and knowledge related to the construc¬ 
tion and operation of the electrical equipment and in¬ 
stallation and shall have received documented safety 
training on the hazards involved. Documentation of 
their qualifications shall be on file with the office of the 
establishment in charge of the completed installation. 


(A) Areas Requiring Equipotential Planes. Equipotential 
planes shall be installed adjacent to all outdoor service 
equipment or disconnecting means that control equipment 
in or on water, that have a metallic enclosure and controls 
accessible to personnel, and that are likely to become ener¬ 
gized. The equipotential plane shall encompass the area 
around the equipment and shall extend from the area di¬ 
rectly below the equipment out not less than 900 mm 
(36 in.) in all directions from which a person would be able 
to stand and come in contact with the equipment. 

(B) Areas Not Requiring Equipotential Planes. Equipo¬ 
tential planes shall not be required for the controlled equip 
ment supplied by the service equipment or disconnects 
means. All circuits rated not more than 60 amperes at \1 
through 250 volts, single phase, shall 
tion. 


(C) Bonding. Equipotenti; 
electrical grounding sys 
be solid copper, insulate* 
than 8 AWG. Connections 
welding or by listed pressure 3 
labeled as being suitable for the pi 
steel, brass, copper, or copper alloy. 



ded to the 
tor shall 
and not smaller 
by exothermic 
for clamps that are 
and are of stainless 


ARTICLE 685 

Integrated Electrical Systems 


(3) Effective safeguards acceptable to the authority having 
jurisdiction are established and maintained. 

685.3 Application of Other Articles. The articles/sections 
in Table 685.3 apply to particular cases of installation of 
luctors and equipment, where there are orderly shut¬ 
down requirements that are in addition to those of this 
^article or are modifications of them. 


Tah 


85.3 Application of Other Articles 


Conductor/Equipment 

Section 

More than one building or other 

225, Part II 

structure 

Ground-fault protection of 

230.95, Exception 

equipment 

Protection of conductors 

240.4 

Electrical system coordination 

240.12 

Ground-fault protection of 

240.13(1) 

equipment 

Grounding ac systems of 50 volts 

250.21 

to less than 1000 volts 

Equipment protection 

427.22 

Orderly shutdown 

430.44 

Disconnection 

430.74, Exception Nos. 1 
and 2 

Disconnecting means in sight 

430.102(A), Exception No. 2 

from controller 

Energy from more than one 

430.113, Exception Nos. 1 

source 

and 2 

Disconnecting means 

645.10, Exception 

Uninterruptible power supplies 

645.11(1) 

(UPS) 

Point of connection 

705.12(A) 


I. General 

685.1 Scope. This article covers integrated electrical sys¬ 
tems, other than unit equipment, in which orderly shutdown 
is necessary to ensure safe operation. An integrated electri¬ 
cal system as used in this article is a unitized segment of an 
industrial wiring system where all of the following condi¬ 
tions are met: 


II. Orderly Shutdown 

685.10 Location of Overcurrent Devices in or on Pre¬ 
mises. Location of overcurrent devices that are critical to 
integrated electrical systems shall be permitted to be acces¬ 
sible, with mounting heights permitted to ensure security 
from operation by unqualified personnel. 
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685.12 Direct-Current System Grounding. Two-wire dc 
circuits shall be permitted to be ungrounded. 

685.14 Ungrounded Control Circuits. Where operational 
continuity is required, control circuits of 150 volts or less 
from separately derived systems shall be permitted to be 
ungrounded. 


ARTICLE 690 

Solar Photovoltaic (PV) Systems 

I. General 

690.1 Scope. The provisions of this article apply to solar 
photovoltaic (PV) electrical energy systems, including the 
array circuit(s), inverter(s), and controller(s) for such sys¬ 
tems. [See Figure 690.1(A) and Figure 690.1(B).] Solar 
photovoltaic systems covered by this article may be inter¬ 
active with other electrical power production sources or 
stand-alone, with or without electrical energy storage such 
as batteries. These systems may have ac or dc output for 
utilization. 

690.2 Definitions. 

Alternating-Current (ac) Module (Alternatii 
Photovoltaic Module). A complete, environmentally 
tected unit consisting of solar cells, optics, invertej 
other components, exclusive of tracker, designed to < mcr¬ 
ate ac power when exposed to sunli 


Photovoltaic source circuits 


Array. A mechanically integral 
panels with a support structure' 
other components, as required, 
power-producing unit. 



assembly of .modules or 
foundation, tracker, and 
arm a direct-current 


Bipolar Photovoltaic Array. A photovoltaic array that has 
two outputs, each having opposite polarity to a common 
reference point or center tap. 

Blocking Diode. A diode used to block reverse flow of 
current into a photovoltaic source circuit. 

Building Integrated Photovoltaics. Photovoltaic cells, de¬ 
vices, modules, or modular materials that are integrated 
into the outer surface or structure of a building and serve as 
the outer protective surface of that building. 

Direct Current (dc) Combiner. A device used in the PV 
Source and PV Output circuits to combine two or more dc 
circuit inputs and provide one dc circuit output. [ROP 4-4, 
ROP 4-173] 

Diversion Charge Controller. Equipment that regulates 
the charging process of a battery by diverting power from 


Array or photovoltaic 
power source 



Photovoltaic 
output circuit 


Dedicated branch circuit 
of the electric production 
and distribution network 
Inverter output circuit 
ac module (includes inverter) 
Array (of ac modules) 


rare intended to be a means of identification for 
lle,*ystem components, circuits, and connections. 

5isconnecting means required by Article 690, Part III, are not shown. 
System grounding and equipment grounding are not shown. 

See Article 690, Part V. 

[>ure 690.1(A) Identification of Solar Photovoltaic System 
^Components. [ROP 4-170] 

energy storage to direct-current or alternating-current loads 
or to an interconnected utility service. 

Electrical Production and Distribution Network. A 

power production, distribution, and utilization system, such 
as a utility system and connected loads, that is external to 
and not controlled by the photovoltaic power system. 

Hybrid System. A system comprised of multiple power 
sources. These power sources may include photovoltaic, 
wind, micro-hydro generators, engine-driven generators, 
and others, but do not include electrical production and 
distribution network systems. Energy storage systems, such 
as batteries, do not constitute a power source for the pur¬ 
pose of this definition. 

Interactive System. A solar photovoltaic system that oper¬ 
ates in parallel with and may deliver power to an electrical 
production and distribution network. For the purpose of this 
definition, an energy storage subsystem of a solar photovol¬ 
taic system, such as a battery, is not another electrical pro¬ 
duction source. 

Inverter. Equipment that is used to change voltage level or 
waveform, or both, of electrical energy. Commonly, an in- 
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690.4 


Photovoltaic source circuits 




u 


Photovoltaic output circuit 


Inverter input circuit 

Inverter output circuit 

lL _► Electric production 

and distribution 
network connection 


Interactive system 


\ 

Inverter 


Wind, engine-generator, 

micro-hydro-electric, and Energy storage, charge controller, 
other power sources system control 


Photovoltaic 
output circuit 


Inverter input circuit 


Inverter output circuit 


Hybrid system 


dc loads 


Inverter 


Photovoltaic output 
circuit 


Charge controller 
J Inverter input circuit 

/ 


- Inverter 


Main supply 
equipment for 
ac loads 


*• Main supply equipment 
for dc loads 

' Energy storage 


Stand-alone system 

Notes: 

1. These diagrams are intended to be a means of identification for 
photovoltaic system components, circuits, and connections. 

2. Disconnecting means and overcurrent protection required by 
Article 690 are not shown. 

3. System grounding and equipment grounding are n< 

See Article 690, Part V. 

4. Custom designs occur in each configuration, 
are optional. 

Figure 690.1(B) Identification oi 

verter [also known as a p|>wer conditioning unit (PCU) or 
power conversion system (PCS)] is a device that changes 
dc input to an ac output. Inverters may also function as 
battery chargers that use alternating current from another 
source and convert it into direct current for charging batter¬ 
ies. 


Photovoltaic 

'rom moduli 
e dc system. 



Monopole Subarray. A PV subarray that has two conduc¬ 
tors in the output circuit, one positive (+) and one nega¬ 
tive^). Two monopole PV subarrays are used to form a 
bipolar PV array. 

Multimode Inverter. Equipment having capabilities of 
both the utility-interactive inverter and the stand-alone in¬ 
verter. [ROP 4-181] 

Panel. A collection of modules mechanically fastened to¬ 
gether, wired, and designed to provide a field-installable 
unit. 

Photovoltaic Output Circuit. Circuit conductors between 
the photovoltaic source circuit(s) and the inverter or dc 
utilization equipment. 

Photovoltaic Power Source. An array or aggregate of ar¬ 
rays that gen ates dc power at system voltage and current. 



rce Circuit. Circuits between modules 
the common connection point(s) of 


’hotovoltaic System. The total components and sub- 
StCms that, in combination, convert solar energy into 
energy suitable for connection to a utilization load. 

184] 

voltaic System Voltage. The direct current (dc) volt¬ 
age of any photovoltaic source or photovoltaic output cir¬ 
cuit. For multiwire installations, the photovoltaic system 
voltage is the highest voltage between any two dc conduc¬ 
tors. 

Solar Cell. The basic photovoltaic device that generates 
electricity when exposed to light. 

Stand-Alone System. A solar photovoltaic system that sup¬ 
plies power independently of an electrical production and 
distribution network. 

Subarray. An electrical subset of a PV array. 


Inverter Input Circuit. Conductors between the inverter 
and the battery in stand-alone systems or the conductors 
between the inverter and the photovoltaic output circuits for 
electrical production and distribution network. 

Inverter Output Circuit. Conductors between the inverter 
and an ac panelboard for stand-alone systems or the con¬ 
ductors between the inverter and the service equipment or 
another electric power production source, such as a utility, 
for electrical production and distribution network. 


690.3 Other Articles. Wherever the requirements of other 
articles of this Code and Article 690 differ, the requirements 
of Article 690 shall apply and, if the system is operated in 
parallel with a primary source(s) of electricity, the require¬ 
ments in 705.14, 705.16, 705.32, and 705.143 shall apply. 

Exception: Solar photovoltaic systems, equipment, or wir¬ 
ing installed in a hazardous (classified) location shall also 
comply with the applicable portions of Articles 500 through 
516. 


Module. A complete, environmentally protected unit con¬ 
sisting of solar cells, optics, and other components, exclu¬ 
sive of tracker, designed to generate dc power when ex¬ 
posed to sunlight. 


690.4 General Requirements. [ROP 4-188a] 

(A) Photovoltaic Systems. Photovoltaic systems shall be 
permitted to supply a building or other structure in addition 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-631 















































690.5 


ARTICLE 690 — SOLAR PHOTOVOLTAIC (PV) SYSTEMS 


to any other electrical supply system(s). [ROP 4-188a, 
ROP 4-192] 

(B) Equipment. Inverters, motor generators, PV modules, 
PV panels, ac PV modules, dc combiners, dc-to-dc convert¬ 
ers and charge controllers intended for use in PV power 
systems shall be listed for the PV application. [ROP 
4-188a, ROP 4-194] 

(C) Qualified Personnel. The installation of equipment 
and all associated wiring and interconnections shall be per¬ 
formed only by qualified persons. [ROP 4-188a] 

Informational Note: See Article 100 for the definition of 
qualified person. [ROP 4-188a, ROP 4-195] 


tion meeting the requirements of 690.5(A) through (C) to 
reduce fire hazards. Ungrounded dc photovoltaic arrays 
shall comply with 690.35. 

Exception: Ground-mounted or pole-mounted photovol¬ 
taic arrays with not more than two paralleled source cir¬ 
cuits and with all dc source and dc output circuits isolated 
from buildings shall be permitted without ground-fault pro¬ 
tection. [ROP 4-212] 

(A) Ground-Fault Detection and Interruption. The 

ground-fault protection device or system shall: 

(1) Determine the pv input circuit has isolation prior to 
export of current, 


(D) Multiple Inverters. A PV system shall be permitted to 
have multiple inverters installed in or on a single building 
or structure. Where the inverters are remotely located from 
each other, a directory in accordance with 705.10 shall be 
installed at each dc PV system disconnecting means, at 
each ac disconnecting means, and at the main service dis¬ 
connecting means showing the location of all ac and dc PV 
system disconnecting means in the building. [ROP 4-188a, 
ROP 4-195] 

Exception: A directory shall not be required where al. 
inverters and PV dc disconnecting means are grouped at 
the main service disconnecting means. [ROP 4-188a, ROP 
4-195] 

(E) Circuit Routing. Where circuits are 
built-up, laminate, or membrane roofing 
areas not covered by PV modules and assi 
ment, the location of circuits shall b 
a marking protocol that is approvetF'as 
continuous exposure to sunlight ana weather. 

ROP 4-204, ROP 4-205] 

(F) Bipolar Photovoltaic Systems. Where 
out consideration of polarity, of the PV 
the two monopole subarrays exceeds the Sting of the con¬ 
ductors and connected equipment, monopole subarrays in a 
bipolar PV system shall be physically separated, and the 
electrical output circuits from each monopole subarray 
shall be installed in separate raceways until connected to 
the inverter. The disconnecting means and overcurrent pro¬ 
tective devices for each monopole subarray output shall be 
in separate enclosures. All conductors from each separate 
monopole subarray shall be routed in the same raceway. 
Bipolar photovoltaic systems shall be clearly marked with a 
permanent, legible warning notice indicating that the dis¬ 
connection of the grounded conductor(s) may result in ov¬ 
ervoltage on the equipment. [ROP 4-190, ROP 4-205, 
ROP 4-208] 




um, with- 
voltages of 


(2) Be capable of detecting a ground-fault 

(3) Interrupt the flow of fault current, and 

(4) Provide an indication of the fault. 

[ROP 4-214] 

Automatically opening the grounded conductor for 
measuitement purposes or to interrupt the ground-fault cur- 
re ntWath shall be permitted. If a grounded conductor is 
opened to interrupt the ground-fault current path, all con¬ 
ductors of the faulted circuit shall be automatically and 
^multaneously opened. [ROP 4-214] 

oual operation of the main PV dc disconnect shall 
not activate the ground-fault protection device or result in 
unded conductors becoming ungrounded. 


Isolating Faulted Circuits. The faulted circuits shall 
isolated by one of the two following methods: 

(1) The ungrounded conductors of the faulted circuit shall 
be automatically disconnected. 

(2) The inverter or charge controller fed by the faulted 
circuit shall automatically cease to supply power to 
output circuits. 


(C) Fabels and Markings. A warning label shall appear 
on the utility-interactive inverter or be applied by the in¬ 
staller near the ground-fault indicator at a visible location, 
stating the following: 

WARNING 
ELECTRIC SHOCK HAZARD 
IF A GROUND FAULT IS INDICATED, NOR¬ 
MALLY GROUNDED CONDUCTORS MAY BE 
UNGROUNDED AND ENERGIZED 
When the photovoltaic system also has batteries, the 
same warning shall also be applied by the installer in a 
visible location at the batteries. The warning sign(s) or la¬ 
bels) shall comply with 110.21(B). [ROP 4-215] 

690.6 Alternating-Current (ac) Modules. 


690.5 Ground-Fault Protection. Grounded dc photovol- (A) Photovoltaic Source Circuits. The requirements of 

taic arrays shall be provided with dc ground-fault protec- Article 690 pertaining to photovoltaic source circuits shall 


70-632 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 690 — SOLAR PHOTOVOLTAIC (PV) SYSTEMS 


690.7 


not apply to ac modules. The photovoltaic source circuit, 
conductors, and inverters shall be considered as internal 
wiring of an ac module. 

(B) Inverter Output Circuit. The output of an ac module 
shall be considered an inverter output circuit. 

(C) Disconnecting Means. A single disconnecting means, 
in accordance with 690.15 and 690.17, shall be permitted 
for the combined ac output of one or more ac modules. 
Additionally, each ac module in a multiple ac module sys¬ 
tem shall be provided with a connector, bolted, or terminal- 
type disconnecting means. [ROP 4-218] 

(D) Overcurrent Protection. The output circuits of ac 
modules shall be permitted to have overcurrent protection 
and conductor sizing in accordance with 240.5(B)(2). 

II. Circuit Requirements 
690.7 Maximum Voltage. 

(A) Maximum Photovoltaic System Voltage. In a dc pho¬ 
tovoltaic source circuit or output circuit, the maximum pho¬ 
tovoltaic system voltage for that circuit shall be calculated 
as the sum of the rated open-circuit voltage of the 
connected photovoltaic modules corrected for the 
expected ambient temperature. For crystalline and 
rystalline silicon modules, the rated open-circuit volt! 
shall be multiplied by the correction fatnorjWvided 
Table 690.7. This voltage shall be wi to determine 
voltage rating of cables, disconnects, overcurrent devices, 
and other equipment. Where the lowest* expected ambient 
temperature is below -40°C (—40°F), or where other than 
crystalline or multicrystalline silicon photovoltaic modules 
are used, the system voltage adjustment shall be made in 
accordance with the manufacturer’s instrHtions. 

When open-circuit voltage temperature coefficients are 
supplied in the instructions foiMisted PV modules, they 
shall be used to calculate the maxIThum photovoltaic sys¬ 
tem voltage as required by 110.3(B) instead of using Table 
690.7. 

Informational Note: One source for statistically valid, 
lowest-expected, ambient temperature design data for vari¬ 
ous locations is the Extreme Annual Mean Minimum De¬ 
sign Dry Bulb Temperature found in the ASHRAE Hand¬ 
book — Fundamentals. These temperature data can be used 
to calculate maximum voltage using the manufacturer’s 
temperature coefficients relative to the rating temperature of 
25°C. 

(B) Direct-Current Utilization Circuits. The voltage of 
dc utilization circuits shall conform to 210.6. 

(C) Photovoltaic Source and Output Circuits. In one- 
and two-family dwellings, photovoltaic source circuits and 
photovoltaic output circuits that do not include lamphold- 


Table 690.7 Voltage Correction Factors for Crystalline and 
Multicrystalline Silicon Modules 


Correction Factors for Ambient Temperatures Below 25°C 
(77°F). (Multiply the rated open circuit voltage by the 
appropriate correction factor shown below.) 

Ambient 


Ambient 

Temperature (°C) 

Factor 

Temperature (°F) 

24 to 20 

1.02 

76 to 68 

19 to 15 

1.04 

67 to 59 

14 to 10 

1.06 

58 to 50 

9 to 5 

1.08 

49 to 41 

4 to 

1.10 

40 to 32 

-1 to -5 

1.12 

31 to 23 

-6 to -10 

1.14 

22 to 14 

-11 to -15^ 

1.16 

13 to 5 

-16 to -20 

1.18 

4 to -4 

-21 to^-25 

1.20 

-5 to -13 

-26 to -30 

1.21 

-14 to -22 

—31 to -35 

1.23 

-23 to -31 

o 

'7t- 

1 

o 

►VO 

s 

1.25 

-32 to -40 


_ 



s, fixtures, or receptacles shall be permitted to have a 
mum photovoltaic system voltage up to 1000 volts. 
Other installations with a maximum photovoltaic system 
oltage over 1000 volts shall comply with Article 690, Part 

OP 4-223] 


(D) Circuits over 150 Volts to Ground. In one- and two- 
family dwellings, live parts in photovoltaic source circuits 
and photovoltaic output circuits over 150 volts to ground 
shall not be accessible to other than qualified persons while 
energized. 

Informational Note: See 110.28 for guarding of live parts, 
and 210.6 for voltage to ground and between conductors. 

(E) Bipolar Source and Output Circuits. For 2-wire cir¬ 
cuits connected to bipolar systems, the maximum system 
voltage shall be the highest voltage between the conductors 
of the 2-wire circuit if all of the following conditions apply: 

(1) One conductor of each circuit of a bipolar subarray is 
solidly grounded. 

Exception: The operation of ground-fault or arc-fault de¬ 
vices (abnormal operation) shall be permitted to interrupt 
this connection to ground when the entire bipolar array 
becomes two distinct arrays isolated from each other and 
the utilization equipment. 

(2) Each circuit is connected to a separate subarray. 

(3) The equipment is clearly marked with a label as 
follows: 

WARNING 

BIPOLAR PHOTOVOLTAIC ARRAY. DISCON¬ 
NECTION OL NEUTRAL OR GROUNDED CON- 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-633 









690.8 


ARTICLE 690 — SOLAR PHOTOVOLTAIC (PV) SYSTEMS 


DUCTORS MAY RESULT IN OVERVOLTAGE ON 
ARRAY OR INVERTER. 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 4-225] 

690.8 Circuit Sizing and Current. [ROP 4-225a, ROP 
4-228] 


(D) Sizing of Module Interconnection Conductors. 

Where a single overcurrent device is used to protect a set of 
two or more parallel-connected module circuits, the ampac¬ 
ity of each of the module interconnection conductors shall 
not be less than the sum of the rating of the single overcur¬ 
rent device plus 125 percent of the short-circuit current 
from the other parallel-connected modules. 


(A) Calculation of Maximum Circuit Current. The 

maximum current for the specific circuit shall be calculated 
in accordance with 690.8(A)(1) through (A)(5). 

Informational Note: Where the requirements of 

690.8(A)(1) and (B)(1) are both applied, the resulting mul¬ 
tiplication factor is 156 percent. 

(1) Photovoltaic Source Circuit Currents. The maximum 
current shall be the sum of parallel module rated short- 
circuit currents multiplied by 125 percent. 

(2) Photovoltaic Output Circuit Currents. The maxi¬ 
mum current shall be the sum of parallel source circuit 
maximum currents as calculated in 690.8(A)(1). 

(3) Inverter Output Circuit Current. The maximum cur¬ 
rent shall be the inverter continuous output current rating. 

(4) Stand-Alone Inverter Input Circuit Current. The 

maximum current shall be the stand-alone continuous in¬ 
verter input current rating when the inverter b producing 
rated power at the lowest input voltage. 

(5) DC-to-DC Converter Output Current . Thi 

mum current shall be the dc- to-dc converter coil uous 
output current rating. 

(B) Conductor Ampacity. PV System currents shall be 
considered to be continuous. CiitSBgl conducted shall be 
sized to carry not less than the larger of 690.8(^(1) or (2). 

(1) . One hundred and twenty-five percemPf the maximum 
currents calculated in 690.8(A) before the application of 
adjustment and correction factors. 

Exception: Circuits containing an assembly, together with 
its overcurrent device(s), that is listed for continuous op¬ 
eration at 100 percent of its rating shall be permitted to be 
used at 100 percent of its rating. 



690.9 Overcurrent Protection. [ROP 4-232a, ROP 
4-236, ROP 4-237, ROP 4-242] 

(A) Circuits and Equipment. PV source circuit, PV out¬ 
put circuit, inverter output circuit, and storage battery cir¬ 
cuit conductors and equipment shall be protected in accor¬ 
dance with the requirements of Article 240. Protection 
devices for PV sourgfe, circuits and PV output circuits shall 
be listed for usejM PV systems. Circuits, either ac or dc, 
connected to current limited supplies (e.g. PV modules, ac 
output of utility-interactive inverters) and also connected to 
sources hAing significantly higher current availability (e.g. 
parallel strings of modules, Utility power) shall be protected 
at 

Exception: An overcurrent device shall not be required for 
PV modules or PV source circuit conductors sized in accor- 
oe with 690.8(B) where one of the following applies: 

e are no external sources such as parallel- 
nected source circuits, batteries, or backfeed from in- 
rters. 

(b) The short-circuit currents from all sources do not 
ceed the ampacity of the conductors and the maximum 
overcurrent protective device size specified on the PV mod¬ 
ule nameplate. 

(B) Overcurrent Devices. Overcurrent devices, where re¬ 
quired, shall be rated as required by 690.9(B)(1) through 
(4). 

(1) To carry not less than 125 percent of the maximum 
currents calculated in 690.8(A). 

Exception: Circuits containing an assembly, together with 
its overcurrent device(s), that is listed for continuous op¬ 
eration at 100 percent of its rating shall be permitted to be 
used at 100 percent of its rating. 

(2) Terminal temperature limits shall be in accordance with 
110.3(B) and 110.14(C). 



(2) . The maximum currents calculated in 690.8(A) after 
the application of adjustment and correction factors. 

(C) Systems with Multiple Direct-Current Voltages. For 

a PV power source that has multiple output circuit voltages 
and employs a common-return conductor, the ampacity of 
the common-return conductor shall not be less than the sum 
of the ampere ratings of the overcurrent devices of the 
individual output circuits. 


(3) Where operated at temperatures greater than 40°C 
(104°F), the manufacturer’s temperature correction fac¬ 
tors shall apply. 

(4) The rating or setting of overcurrent devices shall be 
permitted in accordance with 240.4(B), (C), and (D). 

(C) Direct-Current Rating. Overcurrent devices, either 
fuses or circuit breakers, used in any dc portion of a PV 
power system shall be listed for use in PV systems and 
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shall have the appropriate voltage, current, and interrupt 
ratings. 

(D) Photovoltaic Source and Output Circuits. Listed PV 
overcurrent devices shall be required to provide overcurrent 
protection in photovoltaic source and output circuits. The 
overcurrent devices shall be accessible but shall not be 
required to be readily accessible. 

(E) Series Overcurrent Protection. In grounded PV 
source circuits, a single overcurrent protection device, 
where required, shall be permitted to protect the PV mod¬ 
ules and the interconnecting conductors. In ungrounded PV 
source circuits complying with 690.35, an overcurrent pro¬ 
tection device, where required, shall be installed in each 
ungrounded circuit conductor and shall be permitted to pro¬ 
tect the PV modules and the interconnecting cables. 

(F) Power Transformers. Overcurrent protection for a 
transformer with a source(s) on each side shall be provided 
in accordance with 450.3 by considering first one side of 
the transformer, then the other side of the transformer, as 
the primary. 

Exception: A power transformer with a current rating on 
the side connected toward the utility-interactive i, 
output , not less than the rated continuous output curi 
the inverter, shall be permitted without overcurrent p 
tion from the inverter. 

690.10 Stand-Alone Systems. The 

tern shall be adequate to meet the re* 
for a similar installation connected 
on the supply side of the bui 
ing means shall comply with the r<? 

707. [ROP 4-243] 

(A) Inverter Output. The^^koutput from a stand-alone 
inverter(s) shall be permitted to supply ac power to the 
building or structure disconnecting means at current levels 
less than the calculated load connected to that disconnect. 
The inverter output rating or the rating of an alternate en¬ 
ergy source shall be equal to or greater than the load posed 
by the largest single utilization equipment connected to the 
system. Calculated general lighting loads shall not be con¬ 
sidered as a single load. 

(B) Sizing and Protection. The circuit conductors be¬ 
tween the inverter output and the building or structure dis¬ 
connecting means shall be sized based on the output rating 
of the inverter. These conductors shall be protected from 
overcurrents in accordance with Article 240. The overcur¬ 
rent protection shall be located at the output of the inverter. 

(C) Single 120-Volt Supply. The inverter output of a 
stand-alone solar photovoltaic system shall be permitted to 
supply 120 volts to single-phase, 3-wire, 120/240-volt ser¬ 




vice equipment or distribution panels where there are no 
240-volt outlets and where there are no multiwire branch 
circuits. In all installations, the rating of the overcurrent 
device connected to the output of the inverter shall be less 
than the rating of the neutral bus in the service equipment. 
This equipment shall be marked with the following words 
or equivalent: 

WARNING 

SINGLE 120-VOLT SUPPLY. DO NOT CONNECT 
MULTIWIRE BRANCH CIRCUITS! 

The warning sign(s) or label(s) shall comply with 
110.21(B). [ROP 4-244] 

(D) Energy Storage or Backup Power System Require¬ 
ments. Energy storage or backup power supplies are not 
required. 

(E) Back-fed Circuit Breakers. Plug-in type back-fed cir¬ 
cuit breakers connected to a stand-alone inverter output in 
stand-alone or multimode inverter systems shall be secured 

accordance with 408.36(D). Circuit breakers marked 
“line’Vand “load” shall not be backfed. [ROP 4-245, ROP 


690.11 Arc-Fault Circuit Protection (Direct Current). 

'hotovoltaic systems with dc source circuits, dc output cir- 
r both, operating at a PV system maximum system 
voltage of 80 volts or greater, shall be protected by a listed 
(dc) arc-fault circuit interrupter, PV type, or other system 
components listed to provide equivalent protection. The PV 
arc-fault protection means shall comply with the following 
requirements: [ROP 4-251] 

(1) The system shall detect and interrupt arcing faults in dc 
PV source and output circuits. 

(2) The system shall require that the disabled or discon¬ 
nected equipment be manually restarted. 

(3) The system shall have an annunciator that provides a 
visual indication that the circuit interrupter has oper¬ 
ated. This indication shall not reset automatically. 

690.12 PV Arrays on Buildings Response to Emergency 
Shutdown. . For PV Systems installed on roofs of build¬ 
ings, photovoltaic source circuits shall be deenergized from 
all sources within 10 seconds of when emergency shutdown 
is initiated or when the PV power source disconnecting 
means is opened. When the source circuits are deenergized, 
the maximum voltage at the module and module conductors 
shall be 80 volts. [ROP 4-253] 

III. Disconnecting Means 
[ROP 4-254a] 

690.13 Building or Other Structure Supplied by a Pho¬ 
tovoltaic System. Means shall be provided to disconnect 
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all ungrounded dc conductors of a photovoltaic system 
from all other conductors in a building or other structure. 

(A) Location. The photovoltaic disconnecting means shall 
be installed at a readily accessible location either on the 
outside of a building or structure or inside nearest the point 
of entrance of the system conductors. 

Exception: Installations that comply with 690.31(F) shall 
be permitted to have the disconnecting means located re¬ 
mote from the point of entry of the system conductors. 

The photovoltaic system disconnecting means shall not 
be installed in bathrooms. 

(B) Marking. Each photovoltaic system disconnecting 
means shall be permanently marked to identify it as a pho¬ 
tovoltaic system disconnect. 

(C) Suitable for Use. Each photovoltaic system discon¬ 
necting means shall not be required to be suitable as service 
equipment. 

(D) Maximum Number of Disconnects. The photovoltaic 
system disconnecting means shall consist of not more than 
six switches or six circuit breakers mounted in a single 
enclosure, or in a group of separate enclosures. 


(E) Grouping. The photovoltaic system disconnecting 
means shall be grouped with other disconnecting means for 
the system in accordance with 690.13(D). A pnotovo 
disconnecting means shall not be required at the phq 
taic module or array location. 

[ROP 4-258] 

690.15 Disconnection of Photovoltaic Equip] 

Means shall be provided to disconnect equipment, such as 
inverters, batteries, and charge controllers, from all un¬ 
grounded conductors of all sources^If the equipment is 
energized from more than one source,^^e disconnecting 
means shall be grouped and identified. [ROP 4-274a] 

A single disconnecting means in accordance with 
690.17 shall be permitted for the combined ac output of one 
or more inverters or ac modules in an interactive system. 


(A) Utility Interactive Inverters Mounted in Not 
Readily Accessible Locations. Utility interactive inverters 
shall be permitted to be mounted on roofs or other exterior 
areas that are not readily accessible and shall comply with 

(1) through (4): 

(1) A direct-current PV disconnecting means shall be 
mounted within sight of or in each inverter. 

(2) An alternating-current disconnecting means shall be 
mounted within sight of or in each inverter. 

(3) The alternating-current output conductors from the in¬ 
verter and an additional alternating-current disconnect¬ 


ing means for the inverter shall comply with 
690.13(A). 

(4) A plaque shall be installed in accordance with 705.10. 

[ROP 4-274a] 

(B) Equipment. Equipment such as PV source circuit iso¬ 
lating switches, overcurrent devices, dc-to-dc converters, 
and blocking diodes shall be permitted on the PV side of 
the PV disconnecting means. [ROP 4-274a] 

(C) DC Combiner Disconnects. The direct current (dc) 
output of dc combiners mounted on roofs of dwellings or 
other buildings shall have a load break disconnecting 
means located in the combiner or within 1.8 m (6 ft) of the 
combiner. The disconnecting means shall be permitted to 
be remotely contrd^ra, but shall be manually operable lo¬ 
cally when control power is not available. [ROP 4-274a] 

(D) Maxjjptffh Number of Disconnects. The photovoltaic 
system disconnecting means shall consist of not more than 
six switches or six circuit. Jbreakcrs mounted in a single 
enclosure, «r in a group of a separate enclosures. [ROP 




(A) Disconnecting Means. Disconnecting means shall be 
ivided to disconnect a fuse from all sources of supply if 

e fuse is energized from both directions. Such a fuse in a 
hotovoltaic source circuit shall be capable of being dis- 
onnected independently of fuses in other photovoltaic 
source circuits. 

(B) Fuse Servicing. Disconnecting means shall be in¬ 
stalled on PV output circuits where overcurrent devices 
(fuses) must be serviced that cannot be isolated from ener¬ 
gized circuits. The disconnecting means shall be within 
sight of, and accessible to, the location of the fuse or inte¬ 
gral with fuse holder and shall comply with 690.17. Where 
the disconnecting means are located more than 1.8 m (6 ft) 
from the overcurrent device, a directory showing the loca¬ 
tion of each disconnect shall be installed at the overcurrent 
device location. 

Non-load-break-rated disconnecting means shall be 
marked “Do not open under load.” 


690.17 Disconnect Type. [ROP 4-278a] 

(A) Manually Operable. The disconnecting means for un¬ 
grounded PV conductors shall consist of a manually oper¬ 
able switch(es) or circuit breaker(s). The disconnecting 
means shall be permitted to be power operable with provi¬ 
sions for manual operation in the event of a power supply 
failure. The disconnecting means shall be one of the fol¬ 
lowing devices: 
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(1) A listed PV industrial control switch marked for use in 
PV systems. 

(2) A listed PV molded case circuit breaker marked for use 
in PV systems 

(3) A listed PV molded case switch marked for use in PV 
systems. 

(4) A listed PV enclosed switch marked for use in PV 
systems. 


(E) Interrupting Rating. The building or structure dis¬ 
connecting means shall have an interrupting rating suffi¬ 
cient for the maximum circuit voltage and current that is 
available at the line terminals of the equipment. Where all 
terminals of the disconnecting means may be energized in 
the open position, a warning sign shall be mounted on or 
adjacent to the disconnecting means. The sign shall be 
clearly legible and have the following words or equivalent: 


(5) A listed PV open-type switch marked for use in PV 
systems. 

(6) A listed, dc-rated molded case circuit breaker suitable 
for backfeed operation. 

(7) A listed, dc-rated, molded case switch suitable for 
backfeed operation. 

(8) A listed, dc-rated enclosed switch. 

(9) A listed, dc-rated open-type switch. 

Informational Note: Devices marked with “line” and 
“load” are not suitable for backfeed or reverse current. 

(B) Simultaneous Opening of Poles. The PV disconnect¬ 
ing means shall simultaneously disconnect all ungrounded 
supply conductors that it controls from the building or 
structure wiring system. 

(C) Externally Operable and Indicating. The PV 

necting means shall be externally operable without 
ing the operator to contact with live parts and indi 
whether in the open or closed position. 

(D) Disconnection of Grounded Conductor. 

circuit breaker, or other device shall not he insta 
grounded conductor if operation of that witch, circuit 
breaker, or other device leaves the marked, grounded con¬ 
ductor in an ungrounded and energized state. 

Exception No. 1: A switcMor circuit brekker that is part of 
a ground-fault detection system required by 690.5, or that 
is part of an arc-fault detection/interruption system re¬ 
quired by 690.11, shall be permittew to open the grounded 
conductor when that switch or circuit breaker is automati¬ 
cally opened as a normal function of the device in respond¬ 
ing to ground faults. 

Exception No. 2: A disconnecting switch shall be permit¬ 
ted in a grounded conductor if all of the following condi¬ 
tions are met: 


(1) The switch is used only for PV array maintenance. 

(2) The switch is accessible only by qualified persons. 


WARNING 
ELECTRIC SHOCK HAZARD 
DO NOT TOUCH TERMINALS. 

TERMINALS ON BOTH THE LINE AND LOAD 
SIDES 

MAY BE ENERGIZED IN THE OPEN POSITION. 


The war 
110.21(B) 

Exce, 




sign(s) or label(s) 

P 4-282] 


shall comply with 


onnector shall be permitted to be used as 
WLPnnecting means, provided that it corn- 
requirements of 690.33 and is listed and 


or use wuwspecific equipment. 



8 Installation and Service of an Array. Open cir¬ 
cuiting, short circuiting, or opaque covering shall be used 
to disable an array or portions of an array for installation 


Informational Note: Photovoltaic modules are energized 
while exposed to light. Installation, replacement, or servic¬ 
ing of array components while a module(s) is energized 
may expose persons to electric shock. [ROP 4-283] 


IV. Wiring Methods 

690.31 Methods Permitted. [ROP 4-284a, ROP 4-285, 
ROP 4-287, ROP 4-301. ROP 4-295, ROP 4-296, ROP 
4-300] 

(A) Wiring Systems. All raceway and cable wiring meth¬ 
ods included in this Code, other wiring systems and fittings 
specifically listed for use on PV arrays, and wiring as part 
of a listed system shall be permitted. Where wiring devices 
with integral enclosures are used, sufficient length of cable 
shall be provided to facilitate replacement. 

Where photovoltaic source and output circuits operating 
at maximum system voltages greater than 30 volts are in¬ 
stalled in readily accessible locations, circuit conductors 
shall be guarded or installed in a raceway. 


(3) The switch is rated for the maximum dc voltage and 
current that could be present during any operation, 
including ground-fault conditions. 

Informational Note: The grounded conductor may have a 
bolted or terminal disconnecting means to allow mainte¬ 
nance or troubleshooting by qualified personnel. 


Informational Note: Photovoltaic modules operate at el¬ 
evated temperatures when exposed to high ambient tem¬ 
peratures and to bright sunlight. These temperatures may 
routinely exceed 70°C (158°F) in many locations. Module 
interconnection conductors are available with insulation 
rated for wet locations and a temperature rating of 90°C 
(194°F) or greater. 
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(B) Identification and Grouping. PV source circuits and 
PV output circuits shall not be contained in the same race¬ 
way, cable tray, cable, outlet box, junction box, or similar 
fitting as conductors, feeders, branch circuits of other 
non-PV systems, or inverter output circuits unless the con¬ 
ductors of the different systems are separated by a partition. 
PV system conductors shall be identified and grouped as 
required by 690.31(B)(1) through (4). The means of iden¬ 
tification shall be permitted by separate color coding, mark¬ 
ing tape, tagging, or other approved means. 

(1) PV Source Circuits. PV source circuits shall be iden¬ 
tified at all points of termination, connection, and splices. 

(2) PV Output and Inverter Circuits. The conductors of 
PV output circuits and inverter input and output circuits 
shall be identified at all points of termination, connection, 
and splices. 

(3) Conductors of Multiple Systems. Where the conduc¬ 
tors of more than one PV system occupy the same junction 
box, raceway, or equipment, the conductors of each system 
shall be identified at all termination, connection, and splice 
points. 

Exception: Where the identification of the conductors is 
evident by spacing or arrangement, further identification i. 
not required. 


(4) Grouping. Where the conductors of more thai 
system occupy the same junction box or raci 
removable cover(s), the ac and dc conducts 
tern shall be grouped separately by cable 
means at least once, and then shall be groupei 
not to exceed 1.8 m (6 ft). 

Exception: The requirement for Stuping slift I 
the circuit enters from a cable or raceway u, 
circuit that makes the grouping obvi&ps. 



ot apply if 
e to the 


door locations in PV source circuits for PV module inter¬ 
connections within the PV array. 

Exception: Raceways shall be used when required by 
690.31(A). 

Informational Note: Photovoltaic (PV) wire [also photo¬ 
voltaic (PV) cable] has a nonstandard outer diameter. Con¬ 
duit fill may be calculated using Table 1 of Chapter 9. 

(D) Multi-Conductor Cable. Multi-conductor cable type 
TC-ER or USE-2 shall be permitted in outdoor locations in 
PV inverter output circuits when used with utility- 
interactive inverters mounted in not-readily-accessible lo¬ 
cations. The cable shall be secured at intervals not exceed¬ 
ing 1.8 m (6 ft). Equipment grounding for the utilization 
equipment shall be provided by an equipment grounding 
conductor within tto# cable. 

(E) Flexible Cords and Cables. Flexible cords and cables, 
where used to connect jthe moving parts of tracking PV 
modulegpHiall comply vvith Article 400 and shall be of a 
type identified as a hard service cord or portable power 

be suitable for extra-hard usage, listed for 
water resistant, and sunlight resistant. Allow- 
:ies shall be in accordance with 400.5. For am- 
res exceeding 30°C (86°F), the ampacities 
by the appropriate factors given in Table 


(C) Single-Conductor Cable. Single-conductor cable type 
USE-2, and single-conductor cable listearand labeled as 
photovoltaic (PV) wire shall be permitted in exposed out¬ 


Small-Conductor Cables. Single-conductor cables 
>ed for outdoor use that are sunlight resistant and mois- 
re resistant in sizes 16 AWG and 18 AWG shall be per¬ 
mitted for module interconnections where such cables meet 
the ampacity requirements of 690.8. Section 310.15 shall 
be used to determine the cable ampacity adjustment and 
correction factors. 

(G) Direct-Current Photovoltaic Source and DC Out¬ 
put Circuits On or Inside a Building. Where dc PV 
source or dc PV output circuits from a building-integrated 
or other PV systems are run inside a building or structure, 


Table 690.31(E) Correction Factors 


Ambient 

Temperature 

(°C) 


Temperature Rating of Conductor 


Ambient 

Temperature 

(°F) 

60°C (140°F) 

75°C (167°F) 

90° C (194°F) 

105°C (221°F) 

30 

1.00 

1.00 

1.00 

1.00 

86 

31-35 

0.91 

0.94 

0.96 

0.97 

87-95 

36M0 

0.82 

0.88 

0.91 

0.93 

96-104 

41—45 

0.71 

0.82 

0.87 

0.89 

105-113 

46-50 

0.58 

0.75 

0.82 

0.86 

114-122 

51-55 

0.41 

0.67 

0.76 

0.82 

123-131 

56-60 

— 

0.58 

0.71 

0.77 

132-140 

61-70 

— 

0.33 

0.58 

0.68 

141-158 

71-80 

— 

— 

0.41 

0.58 

159-176 
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they shall be contained in metal raceways. Type MC metal- 
clad cable that complies with 250.118(10), or metal enclo¬ 
sures from the point of penetration of the surface of the 
building or structure to the first readily accessible discon¬ 
necting means. The disconnecting means shall comply with 
690.13(B), (C), and 690.15(A), (B). The wiring methods 
shall comply with the additional installation requirements 
in (1) through (4) 

(1) Embedded in Building Surfaces. Where circuits are 
embedded in built-up, laminate, or membrane roofing ma¬ 
terials in roof areas not covered by PV modules and asso¬ 
ciated equipment, the location of circuits shall be clearly 
marked using a marking protocol that is approved as being 
suitable for continuous exposure to sunlight and weather. 

(2) Flexible Wiring Methods. Where flexible metal con¬ 
duit (FMC) smaller than metric designator 21 (trade size 
%) or Type MC cable smaller than 25 mm (1 in.) in diam¬ 
eter containing PV power circuit conductors is installed 
across ceilings or floor joists, the raceway or cable shall be 
protected by substantial guard strips that are at least as high 
as the raceway or cable. Where run exposed, other than 
within 1.8 m (6 ft) of their connection to equipment, these 
wiring methods shall closely follow the building surf; 
be protected from physical damage by an approved 

(3) Marking or Labeling Required. The following 
methods and enclosures that contain PV pester source 
ductors shall be marked with the woi 
PHOTOVOLTAIC POWER SOUR 
manently affixed labels or other appre? 
ing: 

(1) Exposed raceways, cable trays 
ods 

(2) Covers or enclosures of pull boxes 

(3) Conduit bodies in which any of tl 
openings are unused 





junction boxes 
Available conduit 


(4) Marking and Labeling Methods and Locations. The 

labels or markings shall be visible after installation. The 
labels shall be reflective and shall have all letters capital¬ 
ized with a minimum height of 9.5 mm ( 3 /s in. ) white on red 
background. PV power circuit labels shall appear on every 
section of the wiring system that is separated by enclosures, 
walls, partitions, ceilings, or floors. Spacing between labels 
or markings, or between a label and a marking, shall not be 
more than 3 m (10 ft). Labels required by this section shall 
be suitable for the environment where they are installed. 

(H) Flexible, Fine-Stranded Cables. Flexible, fine- 
stranded cables shall be terminated only with terminals, 
lugs, devices, or connectors in accordance with 110.14. 

(I) Bipolar Photovoltaic Systems. Where the sum, with¬ 
out consideration of polarity, of the PV system voltages of 


the two monopole subarrays exceeds the rating of the con¬ 
ductors and connected equipment, monopole subarrays in a 
bipolar PV system shall be physically separated, and the 
electrical output circuits from each monopole subarray 
shall be installed in separate raceways until connected to 
the inverter. The disconnecting means and overcurrent pro¬ 
tective devices for each monopole subarray output shall be 
in separate enclosures. All conductors from each separate 
monopole subarray shall be routed in the same raceway. 
Bipolar PV systems shall be clearly marked with a perma¬ 
nent, legible warning notice indicating that the disconnec¬ 
tion of the grounded conductor(s) may result in overvoltage 
on the equipment. 

Exception: Listed switchgear rated for the maximum volt¬ 
age between circuits and containing a physical barrier 
separating me disconnecting means for each monopole 
subarray shtdl be permitted to be used instead of discon¬ 
necting mean^a separate enclosures. 

odule Connection Arrangement.. The connection 
,ule or panel Shall be arranged so that removal of a 
panel from a photovoltaic source circuit does not 
pt a grounded conductor to other PV source circuits. 

omponent Interconnections. Fittings and con- 
at are intended to be concealed at the time of 
c assembly, where listed for such use, shall be permit¬ 
ted for on-site interconnection of modules or other array 
components. Such fittings and connectors shall be equal to 
the wiring method employed in insulation, temperature rise, 
and fault-current withstand, and shall be capable of resist¬ 
ing the effects of the environment in which they are used. 

690.33 Connectors. The connectors permitted by Article 
690 shall comply with 690.33(A) through (E). 

(A) Configuration. The connectors shall be polarized and 
shall have a configuration that is noninterchangeable with 
receptacles in other electrical systems on the premises. 

(B) Guarding. The connectors shall be constructed and 
installed so as to guard against inadvertent contact with live 
parts by persons. 

(C) Type. The connectors shall be of the latching or lock¬ 
ing type. Connectors that are readily accessible and that are 
used in circuits operating at over 30 volts, nominal, maxi¬ 
mum system voltage for dc circuits, or 30 volts for ac 
circuits, shall require a tool for opening. 

(D) Grounding Member. The grounding member shall be 
the first to make and the last to break contact with the 
mating connector. 

(E) Interruption of Circuit. Connectors shall be either (1) 
or (2); 
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(1) Be rated for interrupting current without hazard to the 
operator. 

(2) Be a type that requires the use of a tool to open and 
marked “Do Not Disconnect Under Load” or “Not for 
Current Interrupting.” 

690.34 Access to Boxes. Junction, pull, and outlet boxes 
located behind modules or panels shall be so installed that 
the wiring contained in them can be rendered accessible 
directly or by displacement of a module(s) or panel(s) se¬ 
cured by removable fasteners and connected by a flexible 
wiring system. 

690.35 Ungrounded Photovoltaic Power Systems. Pho¬ 
tovoltaic power systems shall be permitted to operate with 
ungrounded photovoltaic source and output circuits where 
the system complies with 690.35(A) through (G). 

(A) Disconnects. All photovoltaic source and output cir¬ 
cuit conductors shall have disconnects complying with 690, 
Part III. 

(B) Overcurrent Protection. All photovoltaic source and 
output circuit conductors shall have overcurrent protection 
complying with 690.9. 

(C) Ground-Fault Protection. All photovoltaic source 
and output circuits shall be provided with a 
protection device or system that complies with 
(4): 

(1) Determine the pv input circuit has is' 
export of current 

(2) Detect ground fault(s). 

(3) Indicates that a ground fault has occurrei 

(4) Automatically disconnects all conductors o: 
inverter or charge controller connected ti 
circuit to automatically cease suppl 
put circuits. 

[ROP 4-302] 


lauses the 
e faulted 
'wer to out- 


connect, and device where energized, ungrounded circuits 
may be exposed during service: 

WARNING 

ELECTRIC SHOCK HAZARD. THE DC CON¬ 
DUCTORS OF THIS PHOTOVOLTAIC SYSTEM 
ARE UNGROUNDED AND MAY BE ENER¬ 
GIZED. 

The warning sign(s) or label(s) shall comply with 
110.21(B). [ROP 4-306] 

(G) The inverters or charge controllers used in systems 
with ungrounded photovoltaic source and output circuits 
shall be listed for the purpose. 

V. Grounding 

690.41 System Grounding. For a photovoltaic power 
source, systa^is shall comply with 690.35, or one conductor 
of a 2-\\ ire system with a photovoltaic system voltage over 
50 voj0T out not greater than 300 volts, and the reference 
(center tap) conductor of a bipolar system shall be solidly 
grounded or shall use other methods that accomplish 
equivalent (system protection in accordance with 250.4(A) 
that utilise equipment listed and identified for the use. 




.42 Point of System Grounding Connection. The dc 

grounding connection shall be made at any single 
t on the photovoltaic output circuit. 

Informational Note: Locating the grounding connection 
point as close as practicable to the photovoltaic source bet¬ 
ter protects the system from voltage surges due to lightning. 


Exception: Systems with a 690.5 ground-fault protection 
device shall be permitted to have the required grounded 
conductor-to-ground bond made by the ground-fault pro¬ 
tection device. This bond, where internal to the ground- 
fault equipment, shall not be duplicated with an external 
connection. 


(D) The photovoltaic source conductors shall consist of the 
following: 

(1) Metallic or nonmetallic jacketed multiconductor cables 

[ROP 4-305a] 

(2) Conductors installed in raceways, or 

(3) Conductors listed and identified as Photovoltaic (PV) 
Wire installed as exposed, single conductors. 

(E) The photovoltaic power system direct-current circuits 

shall be permitted to be used with ungrounded battery sys¬ 
tems complying with_. 

(F) The photovoltaic power source shall be labeled with the 
following warning at each junction box, combiner box, dis¬ 


690.43 Equipment Grounding. Equipment grounding 
conductors and devices shall comply with 690.43(A) 
through (F). 

(A) Equipment Grounding Required. Exposed non- 
current-carrying metal parts of PV module frames, electri¬ 
cal equipment, and conductor enclosures shall be grounded 
in accordance with 250.134 or 250.136(A), regardless of 
voltage. 

(B) Equipment Grounding Conductor Required. An 

equipment grounding conductor between a PV array and 
other equipment shall be required in accordance with 
250.110. 
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(C) Structure as Equipment Grounding Conductor. De¬ 
vices listed and identified for grounding the metallic frames 
of PV modules or other equipment shall be permitted to 
bond the exposed metal surfaces or other equipment to 
mounting structures. Metallic mounting structures, other 
than building steel, used for grounding purposes shall be 
identified as equipment-grounding conductors or shall have 
identified bonding jumpers or devices connected between 
the separate metallic sections and shall be bonded to the 
grounding system. 

(D) Photovoltaic Mounting Systems and Devices. De¬ 
vices and systems used for mounting PV modules that are 
also used to provide grounding of the module frames shall 
be identified for the purpose of grounding PV modules. 

(E) Adjacent Modules. Devices identified and listed for 
bonding the metallic frames of PV modules shall be per¬ 
mitted to bond the exposed metallic frames of PV modules 
to the metallic frames of adjacent PV modules. 

(F) All Conductors Together. Equipment grounding con¬ 
ductors for the PV array and structure (where installed) 
shall be contained within the same raceway or cable or 
otherwise run with the PV array circuit conductors 
those circuit conductors leave the vicinity of the P 

690.45 Size of Equipment Grounding Conduc 

Equipment Grounding conductors for PV source and 
output circuits shall be sized in accordance with Tab’ 
250.122. Where no overcurrent protective device is used 
the circuit, an assumed overcurrent device rated ai 
maximum circuit current shall be used in Table 250.122. 
Increases in equipment grounding conductor size to address 
voltage drop considerations shall not be require&An equip 
ment grounding conductbrl&hall not be smaller than 14 
AWG. [ROP 4-308a] 

690.46 Array Equipment Grounding Conductors. 

Equipment grounding conductors for photovoltaic modules 
smaller than 6 AWG shall comply with 250.120(C). 

Solid (non-stranded) equipment-grounding conductors 
and grounding-electrode conductors of 6 AWG and smaller 
shall be permitted in raceways for PV array grounding. 
[ROP 4-309] 

690.47 Grounding Electrode System. 

(A) Alternating-Current Systems. If installing an ac sys¬ 
tem, a grounding electrode system shall be provided in 
accordance with 250.50 through 250.60. The grounding 
electrode conductor shall be installed in accordance with 
250.64. 

(B) Direct-Current Systems. If installing a dc system, a 
grounding electrode system shall be provided in accordance 



with 250.166 for grounded systems or 250.169 for un¬ 
grounded systems. The grounding electrode conductor shall 
be installed in accordance with 250.64. 

A common dc grounding-electrode conductor shall be 
permitted to serve multiple inverters. The size of the com¬ 
mon grounding electrode and the tap conductors shall be in 
accordance with 250.166. The tap conductors shall be con¬ 
nected to the common grounding-electrode conductor by 
exothermic welding or with connectors listed as grounding 
and bonding equipment in such a manner that the common 
grounding electrode conductor remains without a splice or 
joint. 

An ac equipment grounding system shall be permitted 
to be used for equipment grounding of inverters and other 
equipment, andthe ground-fault detection reference for un¬ 
grounded PV systems. [ROP 4-310a] 

(C) Systems with Alternating-Current and Direct- 
Current Grounding Requirements. Photovoltaic systems 
avi ng dc circuits and ac circuits with no direct connection 
etweerkthe dc grounded conductor and ac grounded con- 
all have a dc grounding system. The dc grounding 
shall be bonded to the ac grounding system by one 
methods in (1), (2), or (3). 

ection shall not apply to ac PV modules, 
en using the methods of (C)(2) or (C)(3), the exist¬ 
'd grounding electrode system shall meet the applicable 
requirements of Article 250, Part III. 

Informational Note No. 1: ANSI/UL 1741, Standard for 
Inverters, Converters, and Controllers for Use in Indepen¬ 
dent Power Systems, requires that any inverter or charge 
controller that has a bonding jumper between the grounded 
dc conductor and the grounding system connection point 
have that point marked as a grounding electrode conductor 
(GEC) connection point. In PV inverters, the terminals for 
the dc equipment grounding conductors and the terminals 
for ac equipment grounding conductors are generally con¬ 
nected to, or electrically in common with, a grounding bus¬ 
bar that has a marked dc GEC terminal. 

Informational Note No. 2: For utility-interactive systems, 
the existing premises grounding system serves as the ac 
grounding system. 

(1) Separate Direct-Current Grounding Electrode Sys¬ 
tem Bonded to the Alternating-Current Grounding 
Electrode System. A separate dc grounding electrode or 
system shall be installed, and it shall be bonded directly to 
the ac grounding electrode system. The size of any bonding 
jumper(s) between the ac and dc systems shall be based on 
the larger size of the existing ac grounding electrode con¬ 
ductor or the size of the dc grounding electrode conductor 
specified by 250.166. The dc grounding electrode system 
conductor(s) or the bonding jumpers to the ac grounding 
electrode system shall not be used as a substitute for any 
required ac equipment grounding conductors. 
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(2) Common Direct-Current and Alternating-Current 
Grounding Electrode. A dc grounding electrode conductor 
of the size specified by 250.166 shall be run from the 
marked dc grounding electrode connection point to the ac 
grounding electrode. Where an ac grounding electrode is 
not accessible, the dc grounding electrode conductor shall 
be connected to the ac grounding electrode conductor in 
accordance with 250.64(C)(1), 250.64(C)(2), or connector 
listed for grounding and bonding. [ROP 4-312] 

(3) Combined Direct-Current Grounding Electrode 
Conductor, PV Bonding Jumper, and Alternating- 
Current Equipment Grounding Conductor. An un¬ 
spliced, or irreversibly spliced, combined grounding bond¬ 
ing conductor shall be run from the marked dc grounding 
electrode conductor or PV bonding jumper connection 
point along with the ac circuit conductors to the grounding 
busbar located in the main service disconnect or the first 
disconnect of a separately derived system in the associated 
ac equipment. This combined grounding bonding conductor 
shall be the larger of the sizes specified by 250.122 based 
on the rating of the inverter output circuit overcurrent de¬ 
vice or 250.168. or 250.166, and shall be installed in accor¬ 
dance with 250.64(E). [ROP 4-310a] 

(D) Additional Electrodes for Array Grounding. 

Grounding electrodes shall be installed in accordance with 
250.52 at the location of all ground- and pole-mounted 
photovoltaic arrays. The electrodes shall be connected dr 
rectly to the array frame(s) or structure. Tb 
electrode conductor shall be sized according 
Additional electrodes are not permitted to be ust as a 
substitute for equipment bonding or equipment grt ding 
conductor requirements. [ROP4-i3 t 15] 

690.48 Continuity of Equipment Grounding Systems. 

Where the removal of equipment disconnects the bonding 
connection between the grounding electrode conductor and 
exposed conducting surfaces in the photovoltaic source or 
output circuit equipment, a bonding jumper shall be in¬ 
stalled while the equipment is removed. 


VI. Marking 

690.51 Modules. Modules shall be marked with identifica¬ 
tion of terminals or leads as to polarity, maximum overcur¬ 
rent device rating for module protection, and with the fol¬ 
lowing ratings: 

(1) Open-circuit voltage 

(2) Operating voltage 

(3) Maximum permissible system voltage 

(4) Operating current 

(5) Short-circuit current 

(6) Maximum power 

690.52 Alternating-Current Photovoltaic Modules. 

Alternating-current modules shall be marked with identifi¬ 
cation of terminals"®? leads and with identification of the 
following rating 

(1) Nominal operating ac voltage 

(2) Nominal operating ac frequency 

(3) Maximum ac power 
(4jft Maximuin ac current 

(5) Maximum overcurrent device rating for ac module 
protection 




irect-Current Photovoltaic Power Source. A 

bel for the direct-current photovoltaic power 
rce indicating items (1) through (5) shall be provided by 
installer at the photovoltaic disconnecting means: 

Rated maximum power-point current 
T2) Rated maximum power-point voltage 

(3) Maximum system voltage 

Informational Note to (3): See 690.7(A) for maximum photo¬ 
voltaic system voltage. 

(4) Maximum-circuit current [ROP 4-318] 

Where the PV power source has multiple outputs, items 
(1) and (4) shall be specified for each output. [ROP 
4-319] 

Informational Note to (4): See 690.8(A) for calculation of 
maximum circuit current. 

(5) Maximum rated output current of the charge controller 
(if installed) 


690.49 Continuity of Photovoltaic Source and Output 
Circuit Grounded Conductors. Where the removal of the 
utility-interactive inverter or other equipment disconnects 
the bonding connection between the grounding electrode 
conductor and the photovoltaic source and/or photovoltaic 
output circuit grounded conductor, a bonding jumper shall 
be installed to maintain the system grounding while the 
inverter or other equipment is removed. 


Informational Note: Reflecting systems used for irradiance 
enhancement may result in increased levels of output cur¬ 
rent and power. 

690.54 Interactive System Point of Interconnection. All 

interactive system(s) points of interconnection with other 
sources shall be marked at an accessible location at the 
disconnecting means as a power source and with the rated 
ac output current and the nominal operating ac voltage. 


690.50 Equipment Bonding Jumpers. Equipment bond- 690.55 Photovoltaic Power Systems Employing Energy 

ing jumpers, if used, shall comply with 250.120(C). Storage. Photovoltaic power systems employing energy 
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storage shall also be marked with the maximum operating 
voltage, including any equalization voltage and the polarity 
of the grounded circuit conductor. 

690.56 Identification of Power Sources. 

(A) Facilities with Stand-Alone Systems. Any structure 
or building with a photovoltaic power system that is not 
connected to a utility service source and is a stand-alone 
system shall have a permanent plaque or directory installed 
on the exterior of the building or structure at a readily 
visible location acceptable to the authority having jurisdic¬ 
tion. The plaque or directory shall indicate the location of 
system disconnecting means and that the structure contains 
a stand-alone electrical power system. The marking shall be 
in accordance with 690.31(E). [ROP 4-320] 

(B) Facilities with Utility Services and PV Systems. 

Buildings or structures with both utility service and a pho¬ 
tovoltaic system shall have a permanent plaque or directory 
providing the location of the service disconnecting means 
and the photovoltaic system disconnecting means if not 
located at the same location. The marking shall be in ac¬ 
cordance with 690.31(E). For PV systems complying with 
690.12, the plaque or directory shall include the wojj 
MAXIMUM VOLTAGE AT ARRAY 80VDC 
SHUTDOWN [ROP 4-320] 

VII. Connection to Other Sources 

690.57 Load Disconnect. A load di 
tiple sources of power shall disconnec' 
the off position. 


re Equipment. Only> inverters 
lentified as interactive shall be 



690.60 Identified Inter; 

and ac modules listed a: 
permitted in interactive sysl 


690.61 Loss of Interactive System Power. An inverter or 
an ac module in an interactive solar photovoltaic system 
shall automatically de-energize its output to the connected 
electrical production and distribution network upon loss of 
voltage in that system and shall remain in that state until 
the electrical production and distribution network voltage 
has been restored. 

A normally interactive solar photovoltaic system shall 
be permitted to operate as a stand-alone system to supply 
loads that have been disconnected from electrical produc¬ 
tion and distribution network sources. 


VIII. Systems over 1000 Volts 
[ROP 4-328] 

690.80 General. Solar photovoltaic systems with a maxi¬ 
mum system voltage over 1000 volts dc shall comply with 
Article 490 and other requirements applicable to installa¬ 
tions rated over 1000 volts. [ROP 4-327] 

690.85 Definitions. For the purposes of Part VIII of this 
article, the voltages used to determine cable and equipment 
ratings are as follows. 

Battery Circuits. In battery circuits, the highest voltage 
experienced under charging or equalizing conditions. 


Photovoltaic 

and photov' 
age. 




ircuits. In dc photovoltaic source circuits 
output circuits, the maximum system volt- 


lectric Vehicle Charging. 

[ROP 4-331] 

General. PV systems used directly to charge elec- 
c vehicles shall comply with Article 625 in addition to 
the requirements of this article. 


Charging Equipment. Electric vehicle couplers 
shall comply with 625.9. Personnel protection systems ac¬ 
cording to 625.22 and automatic de-energization of cables 
according to 625.19 are not required for PV systems with 
maximum system voltages of less than 80V dc. 


ARTICLE 692 
Fuel Cell Systems 


I. General 

692.1 Scope. This article identifies the requirements for 
the installation of fuel cell power systems, which may be 
stand-alone or interactive with other electric power produc¬ 
tion sources and may be with or without electric energy 
storage such as batteries. These systems may have ac or dc 
output for utilization. 

692.2 Definitions. 


690.63 Unbalanced Interconnections. Unbalanced con¬ 
nections shall be in accordance with 705.100. 

690.64 Point of Connection. Point of connection shall be 
in accordance with 705.12. 

[ROP 4-375] 


Fuel Cell. An electrochemical system that consumes fuel to 
produce an electric current. The main chemical reaction 
used in a fuel cell for producing electric power is not com¬ 
bustion. However, there may be sources of combustion 
used within the overall fuel cell system such as 
reformers/fuel processors. 
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Fuel Cell System. The complete aggregate of equipment 
used to convert chemical fuel into usable electricity. A fuel 
cell system typically consists of a reformer, stack, power 
inverter, and auxiliary equipment. 

Interactive System. A fuel cell system that operates in 
parallel with and may deliver power to an electrical produc¬ 
tion and distribution network. For the purpose of this defi¬ 
nition, an energy storage subsystem of a fuel cell system, 
such as a battery, is not another electrical production 
source. 

Maximum System Voltage. The highest fuel cell inverter 
output voltage between any ungrounded conductors present 
at accessible output terminals. 

Output Circuit. The conductors used to connect the fuel 
cell system to its electrical point of delivery. In the case of 
sites that have series- or parallel-connected multiple units, 
the term output circuit also refers to the conductors used to 
electrically interconnect the fuel cell system(s). 

Point of Common Coupling. The point at which the power 
production and distribution network and the customer inter¬ 
face occurs in an interactive system. Typically, this is the 
load side of the power network meter. 

Stand-Alone System. A fuel cell system that supplies 
power independently of an electrical production a nd di stri 
bution network. 

692.3 Other Articles. Wherever the requii 
articles of this Code and Article 692 differ, 
of Article 692 shall apply, and, if thg^| 
parallel with a primary sourcefshof electric' 
ments in 705.14, 705.16, 705.*md 705.14 

692.4 Installation. 

(A) Fuel Cell System. A fuel cell systehijpKall be permit¬ 
ted to supply a building or other structure in addition to any 
service(s) of another electricity supply system(s). 


II. Circuit Requirements 
692.8 Circuit Sizing and Current. 

(A) Nameplate Rated Circuit Current. The nameplate(s) 
rated circuit current shall be the rated current indicated on 
the fuel cell nameplate(s). 

(B) Conductor Ampacity and Overcurrent Device Rat¬ 
ings. The ampacity of the feeder circuit conductors from 
the fuel cell system(s) to the premises wiring system shall 
not be less than the greater of (1) nameplate(s) rated circuit 
current or (2) the rating of the fuel cell system(s) overcur¬ 
rent protective device(s). 

(C) Ampacity of Grounded or Neutral Conductor. If an 

interactive single-phage, 2-wire fuel cell output(s) is con¬ 
nected to the grounded or neutral conductor and a single 
ungrounded conductor of a 3-wire system or of a 3-phase, 
4-wire, wye-counected system, the maximum unbalanced 
neutral load current plus the fuel cell system(s) output rat¬ 
ing shjdl not exceed the ampacity of the grounded or neu¬ 
tral conductor 




current Protection. 

and Equipment. If the fuel cell system is 
bvercurrent protection sufficient to protect 
inductors that supply the load, additional cir- 
overcurrent devices shall not be required. Equipment 
conductors connected to more than one electrical 
^rce shall be protected. 

(B) Accessibility. Overcurrent devices shall be readily ac¬ 
cessible. 

692.10 Stand-Alone Systems. The premises wiring sys¬ 
tem shall meet the requirements of this Code except as 
modified by 692.10(A), (B), and (C). 

(A) Fuel Cell System Output. The fuel cell system output 
from a stand-alone system shall be permitted to supply ac 
power to the building or structure disconnecting means at 
current levels below the rating of that disconnecting means. 


(B) Identification. A permanent plaque or directory, de¬ 
noting all electric power sources on or in the premises, 
shall be installed at each service equipment location. 

(C) System Installation. Fuel cell systems including all 
associated wiring and interconnections shall be installed by 
only qualified persons. 

Informational Note: See Article 100 for the definition of 
qualified person. 

692.6 Listing Requirement. The fuel cell system shall be 
evaluated and listed for its intended application prior to 
installation. 


(B) Sizing and Protection. The circuit conductors be¬ 
tween the fuel cell system(s) output and the building or 
structure disconnecting means shall be sized based on the 
output rating of the fuel cell system(s). These conductors 
shall be protected from overcurrents in accordance with 
240.4. The overcurrent protection shall be located at the 
output of the fuel cell system(s). 

(C) Single 120-Volt Nominal Supply. The inverter output 
of a stand-alone fuel cell system shall be permitted to sup¬ 
ply 120 volts, nominal, to single-phase, 3-wire 120/240- 
volt service equipment or distribution panels where there 
are no 240-volt loads and where there are no multiwire 
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branch circuits. In all installations, the rating of the over¬ 
current device connected to the output of the fuel cell sys- 
tem(s) shall be less than the rating of the service equip¬ 
ment. This equipment shall be marked as follows: 

WARNING 

SINGLE 120-VOLT SUPPLY. 

DO NOT CONNECT MULTIWIRE 
BRANCH CIRCUITS! 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 4-338] 

III. Disconnecting Means 


(B) DC Systems. Grounding of dc systems shall be in ac¬ 
cordance with 250.160. 

(C) Systems with Alternating-Current and Direct- 
Current Grounding Requirements. When fuel cell power 
systems have both alternating-current (ac) and direct- 
current (dc) grounding requirements, the dc grounding sys¬ 
tem shall be bonded to the ac grounding system. The bond¬ 
ing conductor shall be sized according to 692.45. A single 
common grounding electrode and grounding bar may be 
used for both systems, in which case the common ground¬ 
ing electrode conductor shall be sized to meet the require¬ 
ments of both 250.66 (ac) and 250.166 (dc). 


692.13 All Conductors. Means shall be provided to dis¬ 
connect all current-carrying conductors of a fuel cell sys¬ 
tem power source from all other conductors in a building or 
other structure. 

692.17 Switch or Circuit Breaker. The disconnecting 
means for ungrounded conductors shall consist of readily 
accessible, manually operable switch(es) or circuit break¬ 
ers). 

Where all terminals of the disconnecting means 
energized in the open position, a warning sign : 
mounted on or adjacent to the disconnecting means' 
sign shall be clearly legible and shall have the folio 
words or equivalent: 

DANGER 

ELECTRIC SHOCK HAZARD. 

DO NOT TOUCH TERMINALS. 

TERMINALS ON BOTH T 
LOAD SIDES MAY BE hIERGIZ: 

IN THE OPEN POSIT! 1 


692.44 Equipment Grounding Conductor. A separate 
equipment grounding conductor shall be installed. 



1 comply with 


The danger sign(s) or 

110.21(B). [ROP 4-339] 

IV. Wiring Methods 


692.31 Wiring Systems. All raceway and cable wiring 
methods included in Chapter 3 of this Code and other wir¬ 
ing systems and fittings specifically intended and identified 
for use with fuel cell systems shall be permitted. Where 
wiring devices with integral enclosures are used, sufficient 
length of cable shall be provided to facilitate replacement. 


692.45 




f Equipment Grounding Conductor. The 

conductor shall be sized in accor- 


rounding ^Electrode System. Any auxiliary 
electrode(s) required by the manufacturer shall 
nnected to the equipment grounding conductor speci- 
m 250.118. 

arking 

692.53 Fuel Cell Power Sources. A marking specifying 
the fuel cell system, output voltage, output power rating, 
and continuous output current rating shall be provided at 
the disconnecting means for the fuel cell power source at an 
accessible location on the site. 

692.54 Fuel Shut-Off. The location of the manual fuel 
shut-off valve shall be marked at the location of the primary 
disconnecting means of the building or circuits supplied. 

692.56 Stored Energy. A fuel cell system that stores elec¬ 
tric energy shall require the following warning sign, or 
equivalent, at the location of the service disconnecting 
means of the premises: 

WARNING 

FUEL CELL POWER SYSTEM CONTAINS 
ELECTRICAL ENERGY STORAGE DEVICES. 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 4-341] 


V. Grounding 

692.41 System Grounding. 

(A) AC Systems. Grounding of ac systems shall be in ac¬ 
cordance with 250.20, and with 250.30 for stand-alone sys¬ 
tems. 


VII. Connection to Other Circuits 

692.59 Transfer Switch. A transfer switch shall be re¬ 
quired in non-grid-interactive systems that use utility grid 
backup. The transfer switch shall maintain isolation be¬ 
tween the electrical production and distribution network 
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and the fuel cell system. The transfer switch shall be per¬ 
mitted to be located externally or internally to the fuel cell 
system unit. Where the utility service conductors of the 
structure are connected to the transfer switch, the switch 
shall comply with Article 230, Part V. 


Informational Note: Wind electric systems can be interac¬ 
tive with other electrical power production sources or might 
be stand-alone systems. Wind electric systems can have ac 
or dc output, with or without electrical energy storage, such 
as batteries. See Informational Note Figure 694.1, No. 1 
and Figure 694.1, No. 2. [ROP 4-345] 


692.60 Identified Interactive Equipment. Only fuel cell 
systems listed and marked as interactive shall be permitted 
in interactive systems. 

692.61 Output Characteristics. Output characteristics 
shall be in accordance with 705.14. 

692.62 Loss of Interactive System Power. The fuel cell 
system shall be provided with a means of detecting when 
the electrical production and distribution network has be¬ 
come de-energized and shall not feed the electrical produc¬ 
tion and distribution network side of the point of common 
coupling during this condition. The fuel cell system shall 
remain in that state until the electrical production and dis¬ 
tribution network voltage has been restored. 

A normally interactive fuel cell system shall be permit¬ 
ted to operate as a stand-alone system to supply loads that 
have been disconnected from electrical production and dis¬ 
tribution network sources. 

692.64 Unbalanced Interconnections. Unbalanced inter¬ 
connections shall be in accordance with 705.100., 


692.65 Utility-Interactive Point of Conntj 

connection shall be in accordance with 70. 


VIII. Outputs Over 1000 Volts 

[ROP 4-343] 

692.80 General. Fuel cell system: 
voltage over 1000 volts ac shall co 
ments of other articles applicable 

[ROP 4-342] 


tm output 
(Ptrie require- 
to installations. 



- Utility 


Informational Note Figure 694.1, No. 1 Identification of Wind 
Electric System Components — Interactive System. [ROP 
4-345] 


694.2 Definitions. 




ac loads 


rmational Note Figure 694.1, No. 2 Identification of Wind 
lectric System Components — Stand-Alone System. [ROP 
‘ 45] 


[ROP 4-4] 

Diversion Charge Controller. Equipment that regulates 
the charging process of a battery or other energy storage 
device by diverting power from energy storage to dc or ac 
loads, or to an interconnected utility service. 

Diversion Load. A load connected to a diversion charge 
controller or diversion load controller, also known as a 
dump load. 


ARTICLE 694 
Wind Electric Systems 


[ROP 4-345] 

I. General 

694.1 Scope. The provisions of this article apply to wind 
(turbine) electric systems that consist of one or more wind 
electric generators. These systems can include generators, 
alternators, inverters, and controllers. [ROP 4-346] 


Diversion Load Controller. Equipment that regulates the 
output of a wind generator by diverting power from the 
generator to dc or ac loads or to an interconnected utility 
service. 

Guy. A cable that mechanically supports a wind turbine 
tower. 

Inverter Output Circuit. The conductors between an in¬ 
verter and an ac panelboard for stand-alone systems, or the 
conductors between an inverter and service equipment or 
another electric power production source, such as a utility, 
for an electrical production and distribution network. 

Maximum Output Power. The maximum 1 minute aver¬ 
age power output a wind turbine produces in normal 
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steady-state operation (instantaneous power output can be 
higher). 

Maximum Voltage. The maximum voltage the wind tur¬ 
bine produces in operation including open circuit condi¬ 
tions. 

Nacelle. An enclosure housing the alternator and other 
parts of a wind turbine. 


(C) Diversion Load Controllers. A small wind electric 
system employing a diversion load controller as the pri¬ 
mary means of regulating the speed of a wind turbine rotor 
shall be equipped with an additional, independent, reliable 
means to prevent over-speed operation. An interconnected 
utility service shall not be considered to be a reliable diver¬ 
sion load. 


Rated Power. The wind turbine’s output power at a wind 
speed of 11 m/s (24.6 mph). If a turbine produces more 
power at lower wind speeds, the rated power is the wind 
turbine’s output power at a wind speed less than 11 m/s that 
produces the greatest output power. 

Informational Note: The method for measuring wind tur¬ 
bine power output is specified in IEC 61400-12-1, Power 
Performance Measurements of Electricity Producing Wind 
Turbines. 

Tower. A pole or other structure that supports a wind tur¬ 
bine. 

Wind Turbine. A mechanical device that converts wind 
energy to electrical energy. 

Wind Turbine Output Circuit. The circuit conduct® 
tween the internal components of a wind turbine (whicf 
might include an alternator, integrated rectifier, controller, 
and/or inverter) and other equipment. [ROI 

Informational Note: See also defin: 
nected systems in Article 705 . 

[ROP 4-349] 


694.3 Other Articles. Wj 

allel with primary sourc 
Article 705 shall apply. [R 1 



d in par- 
requirements of 


Exception: Wind electric systems, equipment, or wiring 
installed in a hazardous (classified) location shall also 
comply with the applicable portions of Articles 500 through 
516. [ROP-345] 

694.7 Installation. Systems covered by this article shall be 
installed only by qualified persons. 


(D) Surge Protective Devices (SPD). A surge protective 
device shall be installed between a small wind electric sys¬ 
tem and any loads served by the premises electrical system. 
The surge protective device shall be permitted to be a Type 
3 SPD on a dedicated branch circuit serving a small wind 
electric system or a Type 2 SPD located anywhere on the 
load side of the service disconnect. Surge protective de¬ 
vices shall be installed in accordance with Part II of Article 
285. 

(E L Receptacles. A receptacle shall be permitted to be con- 
fed to by a wind electric system branch or feeder circuit 
3r maintenance or data acquisition use. Receptacles shall 
kbe protected with an overcurrent device with a rating not to 
ed the current rating of the receptacle. All 125-volt, 
single phase, 15- and 20 ampere receptacles installed for 
maintenance of the wind turbine shall have ground-fault 
-interrupter protection for personnel. [ROP 4-351] 

(F) Metal or Nonmetallic Poles or Towers Supporting 
Wind Turbines Used as a Raceway. A metallic or non¬ 
metallic pole or tower shall be permitted to be used as a 
raceway if evaluated as part of the listing for the wind 
turbine, or otherwise listed or evaluated for the purpose. 
[ROP 4-356] 

II. Circuit Requirements 
694.10 Maximum Voltage. 

(A) Wind Turbine Output Circuits. For wind turbines 
connected to one- and two-family dwellings, turbine output 
circuits shall be permitted to have a maximum voltage up to 
600 volts. Other installations with a maximum voltage over 
1000 volts shall comply with Part IX of Article 694. [ROP 
4-357] 


Informational Note: See Article 100 for the definition of 
Qualified Person. 

(A) Wind Electric Systems. Wind electric system(s) shall 
be permitted to supply a building or other structure in ad¬ 
dition to other sources of supply. [ROP 4-345, ROP 
4-352] 

(B) Equipment. Wind electric systems equipment, subas¬ 
semblies, and components shall be listed and marked for 
the application. [ROP 4-345, ROP 4-353, ROP 4-354] 


(B) Direct-Current Utilization Circuits. The voltage of 
dc utilization circuits shall comply with 210.6. 

(C) Circuits over 150 Volts to Ground. In one- and two- 
family dwellings, live parts in circuits over 150 volts to 
ground shall not be accessible to other than qualified per¬ 
sons while energized. 

Informational Note: See 110.28 for guarding of live parts 
and 210.6 for branch circuit voltage limitations. 
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694.12 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The 

maximum current for a circuit shall be calculated in accor¬ 
dance with 694.12(A)(1) through (A)(3). 

(1) Turbine Output Circuit Currents. The maximum 
current shall be based on the circuit current of the wind 
turbine operating at maximum output power. 

(2) Inverter Output Circuit Current. The maximum out¬ 
put current shall be the inverter continuous output current 
rating. 

(3) Stand-Alone Inverter Input Circuit Current. The 

maximum input current shall be the stand-alone continuous 
inverter input current rating of the inverter producing rated 
power at the lowest input voltage. 

(B) Ampacity and Overcurrent Device Ratings. 

(1) Continuous Current. Small wind turbine electric sys¬ 
tem currents shall be considered to be continuous. 

(2) Sizing of Conductors and Overcurrent Devices. Cir¬ 
cuit conductors and overcurrent devices shall be sized to 
carry not less than 125 percent of the maximum current a: 
calculated in 694.12(A). The rating or setting of overcur¬ 
rent devices shall be permitted in accordance with 240.4(B) 
and (C). 


Exception: Circuits containing an assembl 
its overcurrent devices, listed for continual 
100 percent of its rating shall be per mitt ed 
100 percent of its rating. 

694.15 Overcurrent Protectil 



(A) Circuits and Equipment. Turbins output circuits, in¬ 
verter output circuits, and storage battery circuit conductors 
and equipment shall be protected in accordance with the 
requirements of Article 240. Circuits connected to more 
than one electrical source shall have overcurrent devices 
located so as to provide overcurrent protection from all 
sources. 

Exception: An overcurrent device shall not be required for 
circuit conductors sized in accordance with 694.12(B) 
where the maximum current from all sources does not ex¬ 
ceed the ampacity of the conductors. 

Informational Note: Possible backfeed of current from any 
source of supply, including a supply through an inverter to 
the wind turbine output circuit, is a consideration in deter¬ 
mining whether overcurrent protection from all sources is 
provided. Some wind electric systems rely on the turbine 
output circuit to regulate turbine speed. Inverters may also 
operate in reverse for turbine startup or speed control. 
[ROP 4-345, ROP 4-359] 


(B) Power Transformers. Overcurrent protection for a 
transformer with sources on each side shall be provided in 
accordance with 450.3 by considering first one side of the 
transformer, then the other side of the transformer, as the 
primary. 

Exception: A power transformer with a current rating on 
the side connected to the inverter output, which is not less 
than the rated continuous output current rating of the in¬ 
verter, shall not be required to have overcurrent protection 
at the inverter. 

(C) Direct-Current Rating. Overcurrent devices, either 
fuses or circuit breakers, used in any dc portion of a small 
wind electric system shall be listed for use in dc circuits 
and shall have appropriate voltage, current, and interrupting 
ratings. 

[ROP 4-243 





III. Disconnecting 

694.20 All Conductors. IV leans shall be provided to dis- 
coIRct alL current-carrying conductors of a small wind 
electric power source from all other conductors in a build¬ 
ing or other, structure. A switch, circuit breaker, or other 
liter ac or dc, shall not be installed in a grounded 
operation of that switch, circuit breaker, or 
leaves the marked, grounded conductor in an 
grounded and energized state. 

eption: A wind turbine that uses the turbine output 
•Trcuit for regulating turbine speed shall not require a tur¬ 
bine output circuit disconnecting means. 

694.22 Additional Provisions. Disconnecting means shall 
comply with 694.22(A) through (D). 

(A) Disconnecting Means. The disconnecting means shall 
not be required to be suitable for use as service equipment. 
The disconnecting means for ungrounded conductors shall 
consist of manually operable switches or circuit breakers 
complying with all of the following requirements: 

(1) They shall be located where readily accessible. 

(2) They shall be externally operable without exposing the 
operator to contact with live parts. 

(3) They shall plainly indicate whether in the open or 
closed position. 

(4) They shall have an interrupting rating sufficient for the 
nominal circuit voltage and the current that is available 
at the line terminals of the equipment. 

Where all terminals of the disconnecting means are ca¬ 
pable of being energized in the open position, a warning 
sign shall be mounted on or adjacent to the disconnecting 
means. The sign shall be clearly legible and shall have the 
following words or equivalent: 
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694.30 


WARNING. 

ELECTRIC SHOCK HAZARD. 

DO NOT TOUCH TERMINALS. 
TERMINALS ON BOTH THE LINE 
AND LOAD SIDES MAY BE 
ENERGIZED IN THE OPEN POSITION. 


tor, or allow limited rotor speed combined with a means to 
de-energize the turbine output circuit. [ROP 4-364a] 

Exception: Turbines with a swept area of less than 50 in 2 
shall not be required to have a manual shutdown button or 
switch. [ROP 4-364a] 


The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 4-362] 

(B) Equipment. Equipment such as rectifiers, controllers, 
output circuit isolating and shorting switches, and over¬ 
current devices shall be permitted on the wind turbine side 
of the disconnecting means. 

(C) Requirements for Disconnecting Means. 

(1) Location. The small wind electric system disconnect¬ 
ing means shall be installed at a readily accessible location 
either on or adjacent to the turbine tower, on the outside of 
a building or structure or inside, at the point of entrance of 
the wind system conductors. 

Exception: Installations that comply with 694.30(C) shall 
be permitted to have the disconnecting means located re¬ 
motely from the point of entry of the wind system 
conductors. 

A wind turbine disconnecting means shall not 
quired to be located at the nacelle or tower 

The disconnecting means shall not be in; , in 
rooms. 


(2) Marking. Each turbine system 
shall be permanently marked to identify 
electric system disconnect^ A plaque shall 
accordance with 705.10^ 


(3) Suitable for Use. Turl 
shall be suitable for the 

4-363] 



a small wind 
stalled in 


nnecting means 
nditions. [ROP 


(B) Shutdown Procedure. The shutdown procedure for a 
wind turbine shall be defined and permanently posted at the 
location of a shutdown means, and at the location of the 
turbine controller or disconnect, if different. [ROP 4-364a] 

694.24 Disconnection of Small Wind Electric System 
Equipment. Means shall be provided to disconnect equip¬ 
ment, such as inverters, batteries, and charge controllers, 
from all ungrounded conductors of all sources. If the equip¬ 
ment is energized from more than one source, the discon¬ 
necting means shall be grouped and identified. 

A single 1 disconnecting means in accordance with 
"22 shall be pemjitted for the combined ac output of one 



more inverters in an interactive system. 

irting switch or plug shall be permitted to be used 
tentative to a disconnect in systems that regulate 
speed using the turbine output circuit. 


Equipment housed in a turbine nacelle shall 
Tequired to have a disconnecting means. 


694.26 Fuses. Means shall be provided to disconnect a 
fuse from all sources of supply where the fuse is energized 
from both directions and is accessible to other than quali¬ 
fied persons. Switches, pullouts, or similar devices that are 
rated for the application shall be permitted to serve as a 
means to disconnect fuses from all sources of supply. 

694.28 Installation and Service of a Wind Turbine. 

Open circuiting, short circuiting, or mechanical brakes shall 
be used to disable a turbine for installation and service. 


(4) Maximum Number of Disconnects. The turbine dis¬ 
connecting means shall consist of not more than six 
switches or six circuit breakers mounted in a single enclo¬ 
sure, in a group of separate enclosures, or in or on a switch- 
gear. [ROP 4-364, ROP 9-181c] 


Informational Note: Some wind turbines rely on the con¬ 
nection from the alternator to a remote controller for speed 
regulation. Opening turbine output circuit conductors may 
cause mechanical damage to a turbine and create excessive 
voltages that could damage equipment or expose persons to 
electric shock. 


(D) Equipment That Is Not Readily Accessible. Rectifi¬ 
ers, controllers, and inverters shall be permitted to be 
mounted in nacelles or other exterior areas that are not 
readily accessible. 

694.23 Turbine Shutdown. [ROP 4-364a] 

(A) Manual Shutdown. Wind turbines shall be required to 
have a readily accessible manual shutdown button or 
switch. Operation of the button or switch shall result in a 
parked turbine state which shall either stop the turbine ro- 


IV. Wiring Methods 
694.30 Permitted Methods. 

(A) Wiring Systems. All raceway and cable wiring meth¬ 
ods included in this Code, and other wiring systems and 
fittings specifically intended for use on wind turbines, shall 
be permitted. In readily accessible locations, turbine output 
circuits that operate at voltages greater than 30 volts shall 
be installed in raceways. 
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(B) Flexible Cords and Cables. Flexible cords and cables, 
where used to connect the moving parts of turbines or 
where used for ready removal for maintenance and repair, 
shall comply with Article 400 and shall be of a type iden¬ 
tified as hard service cord or portable power cable, shall be 
suitable for extra-hard usage, shall be listed for outdoor 
use, and shall be water resistant. Cables exposed to sunlight 
shall be sunlight resistant. Flexible, fine-stranded cables 
shall be terminated only with terminals, lugs, devices, or 
connectors in accordance with 110.14(A). [ROP 4-368] 

(C) Direct-Current Turbine Output Circuits Inside a 
Building. Direct-current turbine output circuits installed in¬ 
side a building or structure shall be enclosed in metal race¬ 
ways or installed in metal enclosures, or run in Type MC 
metal-clad cable that complies with 250.118(10), from the 
point of penetration of the surface of the building or struc¬ 
ture to the first readily accessible disconnecting means. 
[ROP 4-370] 

V. Grounding 

694.40 Equipment Grounding. [ROP 4-370a] 

(A) General. Exposed non-current-carrying metal parts o: 
towers, turbine nacelles, other equipment, and conductor 
enclosures shall be grounded between the source and the 
first disconnect, overcurrent device or conversion eq 
ment in accordance with 250.35, and thereafter, shall be 
grounded in accordance with 250.134 or 250 136(Aj^ 
gardless of voltage. Direct current sources\|jisill 
with Article 250 Part VIII. Turbine output circmts shall be 
permitted to be grounded but shall not be required to be 
grounded. Attached metal parts such as turbine blades;Jind 
tails that have no source of electrical energization are not 
required to be grounded or bondei 

(B) Tower Grounding and Bonding. 

(1) Auxiliary Grounding Electrodes and Grounding 
Electrode Conductors. A wind turbine tower shall be con¬ 
nected to one or more auxiliary grounding electrodes to 
limit voltages imposed by lightning. The auxiliary ground¬ 
ing electrodes shall comply with 250.52(A) in form and 
250.54 for connections using a grounding electrode con¬ 
ductor that complies with 250.166 for dc systems and 
250.62 through 250.70 for ac systems. 

Electrodes that are part of the tower foundation and 
meet the requirements for concrete encased electrodes in 
accordance with 250.52(A)(3) shall be acceptable. A 
grounded metal tower support shall be considered accept¬ 
able where meeting the requirements of 250.136(A). Where 
installed in close proximity to galvanized foundation or 
tower anchor components, galvanized grounding electrodes 
shall be used. 


Informational Note: Copper and copper-clad grounding 
electrodes, where used in highly conductive soils, can cause 
electrolytic corrosion of galvanized foundation and tower 
anchor components. 

(2) Tower Bonding. An equipment grounding conductor 
or supply side bonding jumper shall connect a turbine to the 
main or system bond and premises grounding system in 
accordance with 250.110. 

(3) Tower Grounding Connections. Equipment ground¬ 
ing conductors and grounding electrode conductors, where 
used, shall be connected to the metallic tower by exother¬ 
mic welding, listed lugs, listed pressure connectors, listed 
clamps, or other listed means. Devices, such as connectors 
and lugs, shall be suitable for the material of the conductor 
and the structure lo which the devices are connected. 
Where practicable, ^contact of dissimilar metals shall be 
avoided anywhere in the system to eliminate the possibility 
of galvanic action and corrosion. All mechanical elements 
used tojetfhinate dies* conductors shall be accessible. 

(4 Lightning Protection. WVhere a lightning protection 
sy 0^ys jffesent, its ground terminals shall be bonded to 
thi tower grounding electrode system as required by 
1.106. Where the tower is remote from the building or 
se^^fl, the tower grounding electrode system 
litted to be made a part of the lightning pro- 
tion system. 

Informational Note: See NFPA 780-2011, Standard for the 
rlnstallation of Lightning Protection Systems, Informative 
Annex N, Wind Turbine Generator System 

(5) Guy Wires. Guy wires used to support turbine towers 
shall not be required to be connected to an equipment 
grounding or bonding conductor or to comply with the re¬ 
quirements of 250.110. 

Informational Note: Guy wires supporting grounded tow¬ 
ers are unlikely to become energized. Grounding of metal¬ 
lic guy wires may be required by lightning codes. See 
694.40(B)(4). 


VI. Marking 

694.50 Interactive System Point of Interconnection. All 

interactive system points of interconnection with other 
sources shall be marked at an accessible location at the 
disconnecting means and with the rated ac output current 
and the nominal operating ac voltage. 

694.52 Power Systems Employing Energy Storage. 

Wind electric systems employing energy storage shall be 
marked with the maximum operating voltage, any equaliza¬ 
tion voltage, and the polarity of the grounded circuit con¬ 
ductor. [ROP 4-345] 
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694.54 Identification of Power Sources. 

(A) Facilities with Stand-Alone Systems. Any structure 
or building with a stand-alone system and not connected to 
a utility service source shall have a permanent plaque or 
directory installed on the exterior of the building or struc¬ 
ture at a readily visible location. The plaque or directory 
shall indicate the location of system disconnecting means 
and shall indicate that the structure contains a stand-alone 
electrical power system. 

(B) Facilities with Utility Services and Wind Electric 
Systems. Buildings or structures with both utility service 
and wind electric systems shall have a permanent plaque or 
directory providing the location of the service disconnect¬ 
ing means and the wind electric system disconnecting 
means. [ROP 4-345] 

694.56 Instructions for Disabling Turbine. A plaque 
shall be installed at or adjacent to the turbine location pro¬ 
viding basic instructions for disabling the turbine. 

VII. Connection to Other Sources 

694.60 Identified Interactive Equipment. Only in 
listed and identified as interactive shall be permii 
interactive systems. 

694.62 Installation. Wind electric 
nected to utility electric sources, shall 
quirements of Article 705 . [ROP 4 


694.66 Operating Voltage 

connected to dedicated bra 
permitted to exceed nor. 
these circuits, provided t 
equipment supplying other 
ranges. [ROP 4-345] 


Wind electric systems 
or feiikr circuits shall be 
voltage operatin^ranges on 
voltage at any distribution 
loads remains within normal 


Informational Note: Wind turbines^fnight use the electric 
grid to dump energy from short-term wind gusts. Normal 
operating voltages are defined in ANSI C84.1-2006, Volt¬ 
age Ratings for Electric Power Systems and Equipment (60 
Hz). 

694.68 Point of Connection. Points of connection to inter¬ 
connected electric power sources shall comply with 705.12. 

[ROP 4-375] 


VIII. Systems over 1000 Volts 
[ROP 4-374] 

694.80 General. Wind electric systems with a maximum 
system voltage exceeding 1000 volts ac or dc shall comply 
with Article 490 and other requirements applicable to in¬ 
stallations rated over 1000 volts. [ROP 4-373] 


694.85 Cable and Equipment Ratings. For the purposes 
of Part IX of this article, the voltages used to determine 
cable and equipment ratings shall be as specified in 
694.85(A) and (B). 

(A) Battery Circuits. In battery circuits, the voltage used 
shall be the highest voltage experienced under charging or 
equalizing conditions. 

(B) Other Circuits. In other circuits, the voltage used 
shall be the maximum voltage experienced in normal op¬ 
eration. 




ARTICLE 695 
Fire Pumps 


tional Note: Text that is followed by a reference in 
has been extracted from NFPA 20-2010, Standard 
the Installation of Stationary Pumps for Fire Protection. 
editorial changes were made to the extracted text to 
consistent with this Code. 

overed. This article covers the installation of the fol¬ 
lowing: 

(1) Electric power sources and interconnecting circuits 

(2) Switching and control equipment dedicated to fire 
pump drivers 

(B) Not Covered. This article does not cover the follow¬ 
ing: 

(1) The performance, maintenance, and acceptance testing 
of the fire pump system, and the internal wiring of the 
components of the system 

(2) The installation of pressure maintenance (jockey or 
makeup) pumps [ROP 13-48a] 

Informational Note: For the installation of pressure main¬ 
tenance (jockey or makeup) pumps supplied by the fire 
pump circuit or another source, see Article 430. [ROP 
13-48a] 

(3) Transfer equipment upstream of the fire pump transfer 
switch [ROP 13-48a] 

Informational Note: See NFPA 20-2010, Standard for the 
Installation of Stationary Pumps for Fire Protection , for 
further information. 

695.2 Definitions. 

Fault-Tolerant External Control Circuits. Those control 
circuits either entering or leaving the fire pump controller 
enclosure, which if broken, disconnected, or shorted will 
not prevent the controller from starting the fire pump from 
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all other internal or external means and may cause the con¬ 
troller to start the pump under these conditions. 

On-Site Power Production Facility. The normal supply of 
electric power for the site that is expected to be constantly 
producing power. 

On-Site Standby Generator. A facility producing electric 
power on site as the alternate supply of electric power. It 
differs from an on-site power production facility, in that it is 
not constantly producing power. 


Exception to (B)(1) and (B)(2): An alternate source of 
power shall not be required where a back-up engine-driven 
or back-up steam turbine-driven fire pump is installed. 
[20:9.3.3] 

(C) Multibuilding Campus-Style Complexes. If the 

sources in 695.3(A) are not practicable and the installation 
is part of a multibuilding campus-style complex, feeder 
sources shall be permitted if approved by the authority hav¬ 
ing jurisdiction and installed in accordance with either 
(C)(1) and (C)(3) or (C)(2) and (C)(3). 


695.3 Power Source(s) for Electric Motor-Driven Fire 
Pumps. Electric motor-driven fire pumps shall have a reli¬ 
able source of power. 

(A) Individual Sources. Where reliable, and where ca¬ 
pable of carrying indefinitely the sum of the locked-rotor 
current of the fire pump motor(s) and the pressure mainte¬ 
nance pump motor(s) and the full-load current of the asso¬ 
ciated fire pump accessory equipment when connected to 
this power supply, the power source for an electric motor 
driven fire pump shall be one or more of the following. 

(1) Electric Utility Service Connection. A fire pump shall 
be permitted to be supplied by a separate service, or from 
connection located ahead of and not within the same cabi¬ 
net, enclosure, vertical switchgear section, or vertical 
switchboard section as the service disconnecting means. 
The connection shall be located and arranged so as to mini¬ 
mi/e the possibility of damage by fire froi 
mises and from exposing hazards. A tap 
vice disconnecting means shall complv.\yil;.h 231$82(5). The 
service equipment shall comply with the labeling require 
ments in 230.2 and the location requirements in 230.73pi). 
[20:9.2.2(1)] [ROP 13-53] 

(2) On-Site Power Production Facility. A fire pump shall 
be permitted to be supplied by an on-sue power production 
facility. The source facility shall be locatecrand protected to 
minimize the possibility of damage by fire. [20:9.2.2(3)] 



(1) Feeder Sources. Two or more feeders shall be permit¬ 
ted as more than one power source if such feeders are 
connected to, or derived from, separate utility services. The 
connection(s), overcurrent protective device(s), and discon¬ 
necting means for such feeders shall meet the requirements 
of 695.4(B). 

(2) Feeder and Alternate Source. A feeder shall be per¬ 
mitted as a normal soilrce of power if an alternate source of 
power independent from the feeder is provided. The con¬ 
nection^), overcurrcnt protective device(s), and discon¬ 
necting means for such feeders shall meet the requirements 
of 69f 

Selective Coordination. The overcurrent protective 
elrch disconnecting means shall be selectively 
with any other supply-side overcurrent protec- 
device(s). 

On-Site Standby Generator as Alternate Source. An 

jBB^-site standby generator(s) used as an alternate source of 
power shall comply with (D)(1) through (D)(3). 
[20:9.6.2.1] 

(1) Capacity. The generator shall have sufficient capacity 
to allow normal starting and running of the motor(s) driv¬ 
ing the fire pump(s) while supplying all other simulta¬ 
neously operated load(s). [20:9.6.1.1] 

Automatic shedding of one or more optional standby 
loads in order to comply with this capacity requirement 
shall be permitted. 



(3) Dedicated Feeder. A dedicated feeder shall be permit¬ 
ted where it is derived from a service connection as de¬ 
scribed in 695.3(A)(1). [20:9.2.2(3)] 

(B) Multiple Sources. If reliable power cannot be ob¬ 
tained from a source described in 695.3(A), power shall be 
supplied by one of the following: [20:9.3.2] 

(1) Individual Sources. An approved combination of two 
or more of the sources from 695.3(A). 

(2) Individual Source and On-site Standby Generator. 

An approved combination of one or more of the sources in 
695.3(A) and an on-site standby generator complying with 
695.3(D). [20:9.3.4] 


(2) Connection. A tap ahead of the generator disconnect¬ 
ing means shall not be required. [20:9.6.1.2] 

(3) Adjacent Disconnects. The requirements of 430.113 
shall not apply. 

(E) Arrangement. All power supplies shall be located and 
arranged to protect against damage by fire from within the 
premises and exposing hazards. [20:9.1.4] 

Multiple power sources shall be arranged so that a fire 
at one source does not cause an interruption at the other 
source. 

(F) Transfer of Power. Transfer of power to the fire pump 
controller between the individual source and one alternate 
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source shall take place within the pump room. The transfer 
switch shall be listed for fire pump service. [20:9.6.4] 
[20:10.8.1.1] [ROP 13-55a] 

(G) Phase Converters. Phase converters shall not be per¬ 
mitted to be used for fire pump service. [20:9.1.7] 

695.4 Continuity of Power. Circuits that supply electric 
motor-driven fire pumps shall be supervised from inadvert¬ 
ent disconnection as covered in 695.4(A) or (B). 

(A) Direct Connection. The supply conductors shall di¬ 
rectly connect the power source to either a listed fire pump 
controller or listed combination fire pump controller and 
power transfer switch. 

(B) Connection Through Disconnecting Means and 
Overcurrent Device. 

(1) Number of Disconnecting Means. 

(a) General. A single disconnecting means and associ¬ 
ated overcurrent protective device(s) shall be permitted to 
be installed between the fire pump power source(s) and one 
of the following: [20:9.1.2] 

(1) A listed fire pump controller 

(2) A listed fire pump power transfer switch 

(3) A listed combination fire pump controller and 
transfer switch 

(b) Feeder Sources. For systems k Oder tl 

provisions of 695.3(C) only, additjK nnectin; 

means and the associated overcurren 
shall be permitted as required J^gmpl 
sions of this Code. 

(c) On-Site StandMjUf'Generator. 
standby generator is usei 
tional disconnecting means 
protective device(s) shall be 





ere TMi on-site 
pump, an addi- 
ted overcurrent 


(2) Overcurrent Device Selectio 

shall comply with (a) or (b). 


Overcurrent devices 


(a) Individual Sources. Overcurrent protection for in¬ 
dividual sources shall comply with (1) or (2). [ROP 13-58] 
(1) Overcurrent protective device(s) shall be rated to carry 
indefinitely the sum of the locked-rotor current of the 
largest fire pump motor and the pressure maintenance 
pump motor(s) and the full-load current of all of the 
other pump motors and associated fire pump accessory 
equipment when connected to this power supply. 
Where the locked-rotor current value does not corre¬ 
spond to a standard overcurrent device size, the next 
standard overcurrent device size shall be used in accor¬ 
dance with 240.6. The requirement to carry the locked- 
rotor currents indefinitely shall not apply to conductors 
or devices other than overcurrent devices in the fire 


pump motor circuit(s). [20:9.2.3.4] [ROP 13-57, ROP 
13-58] 

(2) Overcurrent protection shall be provided by an assem¬ 
bly listed for fire pump service and complying with the 
following: 

a. The overcurrent protective device shall not open 
within 2 minutes at 600 percent of the full load 
current of the fire pump motor(s). 

b. The overcurrent protective device shall not open 
with a re-start transient of 24 times the full load 
current of the fire pump motor(s). 

c. The overcurrent protective device shall not open 
within 10 minutes at 300 percent of the full load 
current of the fire pump motor(s). 

d. The trip point for circuit breakers shall not be 
held adjustable. [20:9.2.3.4.1] 

[ROP 13-58] 

lrr On-Site Standby Generators. Overcurrent protec- 
uevices between an on-site standby generator and a fire 
mp controller snail? be selected and sized to allow for 
instantaneous pickup of the full pump room load, but shall 
larger than the value selected to comply with 430.62 
tixprovide short-circuit protection only. [20:9.6.1.1] 

nnecting Means. All disconnecting devices that 
,ique to the fire pump loads shall comply with items 
rough (e). 

(a) Features and Location — Normal Power Source. 
The disconnecting means for the normal power source shall 
comply with all of the following: [20:9.2.3.1] 

(1) Be identified as suitable for use as service equipment. 

(2) Be lockable in the closed position. The provision for 
locking or adding a lock to the disconnecting means 
shall be installed on or at the switch or circuit breaker 
used as the disconnecting means and shall remain in 
place with or without the lock installed. [ROP 13-60] 

(3) Not be located within the same enclosure, panelboard, 
switchboard, switchgear or motor control center, with 
or without common bus, that supplies loads other than 
the fire pump [ROP 13-62] 

(4) Be located sufficiently remote from other building or 
other fire pump source disconnecting means such that 
inadvertent operation at the same time would be 
unlikely 

(b) Features and Location — On-Site Standby Genera¬ 
tor. The disconnecting means for an on-site standby genera¬ 
tors) used as the alternate power source shall be installed 
in accordance with 700.10(B)(5) for emergency circuits and 
shall be lockable in the closed position. The provision for 
locking or adding a lock to the disconnecting means shall 
be installed on or at the switch or circuit breaker used as the 
disconnecting means and shall remain in place with or 
without the lock installed. [ROP 13-61] 
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(c) Disconnect Marking. The disconnecting means 
shall be marked “Fire Pump Disconnecting Means.” The 
letters shall be at least 25 mm (1 in.) in height, and they 
shall be visible without opening enclosure doors or covers. 
[20:9.2.3.1(5)] 

(d) Controller Marking. A placard shall be placed ad¬ 
jacent to the fire pump controller, stating the location of this 
disconnecting means and the location of the key (if the 
disconnecting means is locked). [20:9.2.3.2] 

(e) Supervision. The disconnecting means shall be su¬ 
pervised in the closed position by one of the following 
methods: 

(1) Central station, proprietary, or remote station signal de¬ 
vice 

(2) Local signaling service that causes the sounding of an 
audible signal at a constantly attended point 

(3) Locking the disconnecting means in the closed position 

(4) Sealing of disconnecting means and approved weekly 
recorded inspections when the disconnecting means are 
located within fenced enclosures or in buildings under 
the control of the owner [20:9.2.3.3] 

695.5 Transformers. Where the service or system voltage 
is different from the utilization voltage of the fire pump 
motor, transformer(s) protected by disconnecting means 
and overcurrent protective devices shall be permitted to be 
installed between the system supply and the fire pi 
trailer in accordance with 695.5(A) and (B), 

Only transformers covered in 695.5(C) sha i 
to supply loads not directly associated wii 
system. 

(A) Size. Where a transformer supffTes Uh electrii 
driven fire pump, it shall be ratgp.at a minimum of 125 
cent of the sum of the fire pump motor(s) and pressure 
maintenance pump(s) motor loads^kd 100 percent of the 
associated fire pump accessory equipment supplied by the 
transformer. 

(B) Overcurrent Protection. The primary overcurrent 
protective device(s) shall be selected or set to carry indefi¬ 
nitely the sum of the locked-rotor current of the fire pump 
motor(s) and the pressure maintenance pump motor(s) and 
the full-load current of the associated fire pump accessory 
equipment when connected to this power supply. Secondary 
overcurrent protection shall not be permitted. The require¬ 
ment to carry the locked-rotor currents indefinitely shall not 
apply to conductors or devices other than overcurrent de¬ 
vices in the fire pump motor circuit(s). 

(C) Feeder Source. Where a feeder source is provided in 
accordance with 695.3(C), transformers supplying the fire 
pump system shall be permitted to supply other loads. All 
other loads shall be calculated in accordance with Article 
220, including demand factors as applicable. 



(1) Size. Transformers shall be rated at a minimum of 
125 percent of the sum of the fire pump motor(s) and pres¬ 
sure maintenance pump(s) motor loads, and 100 percent of 
the remaining load supplied by the transformer. 

(2) Overcurrent Protection. The transformer size, the 
feeder size, and the overcurrent protective device(s) shall 
be coordinated such that overcurrent protection is provided 
for the transformer in accordance with 450.3 and for the 
feeder in accordance with 215.3, and such that the overcur¬ 
rent protective device(s) is selected or set to carry indefi¬ 
nitely the sum of the locked-rotor current of the fire pump 
motor(s), the pressure maintenance pump motor(s), the full¬ 
load current of the associated fire pump accessory equip¬ 
ment, and 100 percent of the remaining loads supplied by 
the transformer. Thc.acquirement to carry the locked-rotor 
currents indefinitel^shall not apply to conductors or de¬ 
vices other than overcurrent devices in the fire pump motor 
circuit(s). 

695.6 power Wiring. Power circuits and wiring methods 
shall )mply with the requirements in 695.6(A) through (J), 
an ml permitted in 230.90(A), Exception No. 4; 230.94, 
Exce] ion No. 4; 240.13; 230.208; 240.4(A); and 430.31. 

ductors. 

ervlces and On-Site Power Production Facilities. 

rvice conductors and conductors supplied by on-site 
wer production facilities shall be physically routed out- 
a building(s) and shall be installed as service-entrance 
onductors in accordance with 230.6, 230.9, and Parts III 
and IV of Article 230. Where supply conductors cannot be 
physically routed outside of buildings, the conductors shall 
be permitted to be routed through the building(s) where 
installed in accordance with 230.6(1) or (2). 

(2) Feeders. Fire pump supply conductors on the load side 
of the final disconnecting means and overcurrent device(s) 
permitted by 695.4(B), or conductors that connect directly 
to an on-site standby generator, shall comply with all of the 
following: 

(a) Independent Routing. The conductors shall be kept 
entirely independent of all other wiring. 

(b) Associated Fire Pump Loads. The conductors shall 
supply only loads that are directly associated with the fire 
pump system. 

(c) Protection from Potential Damage. The conductors 
shall be protected from potential damage by fire, structural 
failure, or operational accident. 

(d) Inside of a Building. Where routed through a build¬ 
ing, the conductors shall be installed using one of the fol¬ 
lowing methods: 

(1) Be protected by a fire-rated assembly, consisting of 

gypsum wallboard, concrete or other material listed to 
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achieve a minimum fire rating of 2 hours and dedicated 
to the fire pump circuit(s). [ROP 13-68] 

(2) Be a listed electrical circuit protective system with a 
minimum 2-hour fire rating 

Informational Note: UL guide information for electrical 
circuit protective systems (FHIT) contains information on 
proper installation requirements to maintain the fire rating. 

Exception to (A)(2)(d): The supply conductors located in 
the electrical equipment room where they originate and in 
the fire pump room shall not be required to have the mini¬ 
mum 2-hour fire separation or fire resistance rating, unless 
otherwise required by 700.10(D) of this Code. 


covering, or Type MI cable. A separate equipment ground¬ 
ing conductor shall be installed in all raceways between the 
controller and pump motor. [20:9.9.5] Electrical connec¬ 
tions at motor terminal boxes shall be made with a listed 
means of connection. Twist-on, insulation-piercing-type 
and soldered wire connectors shall not be permitted to be 
used for this purpose. [ROP 13-70, ROP 13-71, ROP 
13-75] 

(E) Loads Supplied by Controllers and Transfer 
Switches. A fire pump controller and fire pump power 
transfer switch, if provided, shall not serve any load other 
than the fire pump for which it is intended. 


(B) Conductor Size. 

(1) Fire Pump Motors and Other Equipment. Conduc¬ 
tors supplying a fire pump motor(s), pressure maintenance 
pumps, and associated fire pump accessory equipment shall 
have a rating not less than 125 percent of the sum of the fire 
pump motor(s) and pressure maintenance motor(s) full-load 
current(s), and 100 percent of the associated fire pump ac¬ 
cessory equipment. 

(2) Fire Pump Motors Only. Conductors supplying only a 
fire pump motor shall have a minimum ampacity i^aeeor- 
dance with 430.22 and shall comply with the voltag' 
requirements in 695.7. 


(C) Overload Protection. Power circuits shall riot 
automatic protection against overload^plxcept for protei 


tion of transformer primaries pros 
branch-circuit and feeder conductor^ 
against short circuit only. Whetj 
fire pump, the wiring shall be treat: 
in accordance with 230.6. The applicaf 
restrictions in 240.21 shall not apply. 


d in 695.5CC 
11 be prote 
e to supply a 
conductors 
and size 


Exception No. 1: Conductor betwegfjf^torage batteries 
and the engine shall not require over^irrent protection or 
disconnecting means. 

Exception No. 2: For an on-site standby generator(s) 
rated to produce continuous current in excess of 225 per¬ 
cent of the full-load amperes of the fire pump motor, the 
conductors between the on-site generator(s) and the com¬ 
bination fire pump transfer switch controller or separately 
mounted transfer switch shall be installed in accordance 
with A(695.6)(2). The protection provided shall be in ac¬ 
cordance with the short-circuit current rating of the com¬ 
bination fire pump transfer switch controller or separately 
mounted transfer switch. 

(D) Pump Wiring. All wiring from the controllers to the 
pump motors shall be in rigid metal conduit, intermediate 
metal conduit, electrical metallic tubing, liquidtight flexible 
metal conduit, or liquidtight flexible nonmetallic conduit 
Type LFNC-B, listed Type MC cable with an impervious 


(F) Mechanical Protection. All wiring from engine con¬ 
trollers and batteries shall be protected against physical 
damage and shall be installed in accordance with the con¬ 
troller and engine manufacturer’s instructions. 




(G) 

fault protection 
imps. 


It Protection of Equipment. Ground- 
uipment shall not be permitted for fire 



isted Electrical Circuit Protective System to Con- 
Wiring. Electrical circuit protective system installa¬ 
tion shall comply with any restrictions provided in the list- 
g of the electrical circuit protective system used and the 
ing also shall apply: 

(1) A junction box shall be installed ahead of the fire pump 
controller a minimum of 300 mm (12 in.) beyond the 
fire-rated wall or floor bounding the fire zone. 

(2) Where required by the manufacturer of a listed electri¬ 
cal circuit protective system or by the listing, or as 
required elsewhere in this Code, the raceway between a 
junction box and the fire pump controller shall be 
sealed at the junction box end as required and in accor¬ 
dance with the instructions of the manufacturer. 
[20:9.8.2] 

(3) Standard wiring between the junction box and the con¬ 
troller shall be permitted. [20:9.8.3] 

(I) Junction Boxes. Where fire pump wiring to or from a 

fire pump controller is routed through a junction box, the 

following requirements shall be met: 

(1) The junction box shall be securely mounted. 
[20:9.7(1)] 

(2) Mounting and installing of a junction box shall not 
violate the enclosure type rating of the fire pump con¬ 
trollers). [20:9.7(2)] 

(3) Mounting and installing of a junction box shall not 
violate the integrity of the fire pump controller(s) and 
shall not affect the short-circuit rating of the control¬ 
lers). [20:9.7(3)] 

(4) As a minimum, a Type 2, drip-proof enclosure (junc¬ 
tion box) shall be used where installed in the fire pump 
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room. The enclosure shall be listed to match the fire 
pump controller enclosure type rating. [20:9.7(4)] 

(5) Terminals, junction blocks, wire connectors, and 
splices, where used, shall be listed. [20:9.7(5)] 

(6) A fire pump controller or fire pump power transfer 
switch, where provided, shall not be used as a junction 
box to supply other equipment, including a pressure 
maintenance (jockey) pump(s). 

(J) Raceway Terminations. Where raceways are termi¬ 
nated at a fire pump controller, the following requirements 
shall be met: [20:9.9] 


against displacement, and located where they are not sub¬ 
ject to physical damage, flooding with water, excessive 
temperature, or excessive vibration. 

(D) Energized Equipment. All energized equipment parts 
shall be located at least 300 mm (12 in.) above the floor 
level. 

(E) Protection Against Pump Water. Fire pump control¬ 
ler and power transfer switches shall be located or pro¬ 
tected so that they are not damaged by water escaping from 
pumps or pump connections. 


(1) Listed conduit hubs shall be used. [20:9.9.1] 

(2) The type rating of the conduit hub(s) shall be at least 
equal to that of the fire pump controller. [20:9.9.2] 

(3) The installation instructions of the manufacturer of the 
fire pump controller shall be followed. [20:9.9.3] 

(4) Alterations to the fire pump controller, other than con¬ 
duit entry as allowed elsewhere in this Code, shall be 
approved by the authority having jurisdiction. 
[20:9.9.4] 

695.7 Voltage Drop. 

(A) Starting. The voltage at the fire pump controller line 

terminals shall not drop more than 15 percent below normal 

(controller-rated voltage) under motor starting condjJipns. 


Exception: This limitation shall not apply fo 
run mechanical starting. [20:9.4.2] 


emergency 


(B) Running. The voltage at the load terminals of the fire 
pump controller shall not drop more than 5 percent below 
the voltage rating of the motor connected to those terminals 
when the motor is operating aff 115 percent of the full-load 
current rating of the motor. [ROP 13-82 ] 

695.10 Listed Equipment. Diesel engine tire pump con¬ 
trollers, electric fire pump controllers, eldtfric motors, fire 
pump power transfer switches, foam pump controllers, and 
limited service controllers shall be listed for fire pump ser¬ 
vice. [20:9.5.1.1, 10.1.2.1, 12.1.3.1] 


(F) Mounting. All fire pump control equipment shall be 
mounted in a substantial manner on noncombustible sup¬ 
porting structures. 

695.14 Contri 


lure 



1 Circuit Failures. External control circuits 
outside the fire pump room shall be arranged so 
ny externaW'ircuit (open or short circuit) 
Tit the operation of a pump(s) from all other 
internal or external means. Breakage, disconnecting, short- 

_ing of the wires, or loss of power to these circuits could 

cause continuous running of the fire pump but shall not 
prevent the controller(s) from starting the fire pump(s) due 
y«Kiusesomer than these external control circuits. All con- 
rol conductors within the fire pump room that are not fault 
ierant shall be protected against physical damage. 
1:10.5.2.6, 12.5.2.5] 

(B) Sensor Functioning. No undervoltage, phase-loss, 
frequency-sensitive, or other sensor(s) shall be installed 
that automatically or manually prohibits actuation of the 
motor contactor. [20:10.4.5.6] 

Exception: A phase loss sensor]s) shall be permitted only 
as a part of a listed fire pump controller. 

(C) Remote Device(s). No remote device(s) shall be in¬ 
stalled that will prevent automatic operation of the transfer 
switch. [20:10.8.1.3] 


695.12 Equipment Location. 

(A) Controllers and Transfer Switches. Electric motor- 
driven fire pump controllers and power transfer switches 
shall be located as close as practicable to, and within sight 
of, the motors that they control. 

(B) Engine-Drive Controllers. Engine-drive fire pump 
controllers shall be located as close as is practical to, and 
within sight of, the engines that they control. 

(C) Storage Batteries. Storage batteries for fire pump en¬ 
gine drives shall be supported above the floor, secured 


(D) Engine-Drive Control Wiring. All wiring between 
the controller and the diesel engine shall be stranded and 
sized to continuously carry the charging or control currents 
as required by the controller manufacturer. Such wiring 
shall be protected against physical damage. Controller 
manufacturer’s specifications for distance and wire size 
shall be followed. [20:12.3.5.1] 

(E) Electric Fire Pump Control Wiring Methods. All 

electric motor-driven fire pump control wiring shall be in 
rigid metal conduit, intermediate metal conduit, liquidtight 
flexible metal conduit, liquidtight flexible nonmetallic con- 
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duit Type B (LFNC-B), listed Type MC cable with an im¬ 
pervious covering, or Type MI cable. 

(F) Generator Control Wiring Methods. Control con¬ 
ductors installed between the fire pump power transfer 
switch and the standby generator supplying the fire pump 
during normal power loss shall be kept entirely independent 
of all other wiring. They shall be protected to resist poten¬ 
tial damage by fire or structural failure. They shall be per¬ 
mitted to be routed through a building(s) using one of the 
following methods: 

(1) Be protected by a fire-rated assembly, consisting of 
gypsum wallboard, concrete or other material listed to 


achieve a minimum fire rating of 2 hours and dedicated 
to the fire pump circuit(s). [ROP 13-85] 

(2) Be a listed electrical circuit protective system with a 
minimum 2-hour fire rating. The installation shall com¬ 
ply with any restrictions provided in the listing of the 
electrical circuit protective system used. 

Informational Note: UL guide information for electrical 
circuit protective systems (FHIT) contains information on 
proper installation requirements to maintain the fire rating. 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-657 



CHAPTER 7 
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Chapter 7 Special Conditions 


ARTICLE 700 
Emergency Systems 


I. General 

700.1 Scope. The provisions of this article apply to the 
electrical safety of the installation, operation, and mainte¬ 
nance of emergency systems consisting of circuits and 
equipment intended to supply, distribute, and control elec¬ 
tricity for illumination, power, or both, to required facilities 
when the normal electrical supply or system is interrupted. 

Informational Note No. 1: For further information regard¬ 
ing wiring and installation of emergency systems in health 
care facilities, see Article 517. 

Informational Note No. 2: For further information regard¬ 
ing performance and maintenance of emergency systems in 
health care facilities, see NFPA 99-2012, Health Care Fa¬ 
cilities Code. [ROP 13-88] 

Informational Note No. 3: For specification of locations 
where emergency lighting is considered essential to life 
safety, see NFPA 101- 2012, Life Safety Code. [ROP 13-88] 

Informational Note No. 4: For further information 
ing performance of emergency and standby power 
see NFPA 110-2013, Standard for Emergency gmf' Standb} 
Power Systems. [ROP 13-88] 

700.2 Definitions. 


Emergency Systems. Those 
classed as emergency by muni 
codes, or by any governmental a" 
These systems are intended to auto 
nation, power, or both, to designated 
in the event of failure of the normal 


gquirecl and 
or other 
risdiction. 
Sly illumi- 
equipment 
in the event 


of accident to elements of a system intended to supply, 
distribute, and control power and illumination essential for 
safety to human life. 

Informational Note No. 1: Emergency systems are gener¬ 
ally installed in places of assembly where artificial illumi¬ 
nation is required for safe exiting and for panic control in 
buildings subject to occupancy by large numbers of per¬ 
sons, such as hotels, theaters, sports arenas, health care 
facilities, and similar institutions. Emergency systems may 
also provide power for such functions as ventilation where 
essential to maintain life, fire detection and alarm systems, 
elevators, fire pumps, public safety communications sys¬ 
tems, industrial processes where current interruption would 
produce serious life safety or health hazards, and similar 
functions. 

Informational Note No. 2: See Informational Note Figure 
700.2, No.2. [ROP 13-88a] 


Normal 

system 



Alternate power 
source 



Emergency system 
loads 


Emergency electrical system 

Figure 700.2, No. 2 Informational Emer- 
OP 13-130] 

Relay,T|ufomatic Load Control. A device used to set nor¬ 
ally dimmed or normally-off switched emergency lighting 
to full power illumination levels in the event of 
the normal supply by bypassing the 
ming/switching controls, and to return the emergency 
;hting equipment to normal status when the device senses 
normal supply has been restored. [ROP 13-88a] 

Informational Note: See ANSI/UL 924, Emergency Light¬ 
ing and Power Equipment , for the requirements covering 
automatic load control relays. [ROP 13-92a] 

700.3 Tests and Maintenance. 

(A) Conduct or Witness Test. The authority having juris¬ 
diction shall conduct or witness a test of the complete sys¬ 
tem upon installation and periodically afterward. 

(B) Tested Periodically. Systems shall be tested periodi¬ 
cally on a schedule acceptable to the authority having ju¬ 
risdiction to ensure the systems are maintained in proper 
operating condition. 

(C) Battery Systems Maintenance. Where battery sys¬ 
tems or unit equipments are involved, including batteries 
used for starting, control, or ignition in auxiliary engines, 
the authority having jurisdiction shall require periodic 
maintenance. 

(D) Written Record. A written record shall be kept of 
such tests and maintenance. 

(E) Testing Under Load. Means for testing all emergency 
lighting and power systems during maximum anticipated 
load conditions shall be provided. 
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Informational Note: For information on testing and main¬ 
tenance of emergency power supply systems (EPSSs), see 
NFPA 110-2010, Standard for Emergency and Standby 
Power Systems. [ROP 13-92a] 

700.4 Capacity. 

(A) Capacity and Rating. An emergency system shall 
have adequate capacity and rating for all loads to be oper¬ 
ated simultaneously. The emergency system equipment 
shall be suitable for the maximum available fault current at 
its terminals. 


700.6 Signals. Audible and visual signal devices shall be 
provided, where practicable, for the purpose described in 
700.6(A) through (D). 

(A) Derangement. To indicate derangement of the emer¬ 
gency source. 

(B) Carrying Load. To indicate that the battery is carrying 
load. 

(C) Not Functioning. To indicate that the battery charger 
is not functioning. 


(B) Selective Load Pickup, Load Shedding, and Peak 
Load Shaving. The alternate power source shall be permit¬ 
ted to supply emergency, legally required standby, and op¬ 
tional standby system loads where the source has adequate 
capacity or where automatic selective load pickup and load 
shedding is provided as needed to ensure adequate power to 
(1) the emergency circuits, (2) the legally required standby 
circuits, and (3) the optional standby circuits, in that order 
of priority. The alternate power source shall be permitted to 
be used for peak load shaving, provided these conditions 
are met. 

Peak load shaving operation shall be permitted for sat¬ 
isfying the test requirement of 700.3(B), provided al^ 
conditions of 700.3 are met. 

A portable or temporary alternate source shall be 
able whenever the emergency generator is (jut of .servi 
major maintenance or repair. 

700.5 Transfer Equipment. 

(A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic, identified for emer¬ 
gency use, and approved' by the authority having' jurisdic¬ 
tion. Transfer equipment shall be designed and installed to 
prevent the inadvertent interconnection of normal and 
emergency sources of supply in any operation of the trans¬ 
fer equipment. Transfer equipmenfland electric power pro¬ 
duction systems installed to permit operation in parallel 
with the normal source shall meet the requirements of Ar¬ 
ticle 705 . 

(B) Bypass Isolation Switches. Means shall be permitted 
to bypass and isolate the transfer equipment. Where bypass 
isolation switches are used, inadvertent parallel operation 
shall be avoided. 

(C) Automatic Transfer Switches. Automatic transfer 
switches shall be electrically operated and mechanically 
held. Automatic transfer switches, rated 1000 VAC and be¬ 
low, shall be listed for emergency system use. [ROP 
13-95] 



(D) Ground Fault. To indicate a ground fault in solidly 
grounded wye emergency systems of more than 150 volts 
to ground and circuit-protective devices rated 1000 am¬ 
peres or mom The sensor for the ground-fault signal de¬ 
vices shaU^re located at, or ahead of, the main system 
discono^bting means for the emergency source, and the 
maximum seTTOg of the signal devices shall be for a 
d-fault current of 1200 amperes. Instructions on the 
iurse of action to be taken in event of indicated ground 
fault shall be located at or near the sensor location. 

Informational Note: For signals for generator sets, see 
’A 110-2010, Standard for Emergency and Standby 
Systems. 


Signs. 

(A) Emergency Sources. A sign shall be placed at the 
service-entrance equipment, indicating type and location of 
on-site emergency power sources. 

Exception: A sign shall not be required for individual unit 
equipment as specified in 700.12(F). 

(B) Grounding. Where removal of a grounding or bonding 
connection in normal power source equipment interrupts 
the grounding electrode conductor connection to the alter¬ 
nate power source(s) grounded conductor, a warning sign 
shall be installed at the normal power source equipment 
stating: 

WARNING 

SHOCK HAZARD EXISTS IF GROUNDING 
ELECTRODE CONDUCTOR OR BONDING JUMPER 
CONNECTION IN THIS EQUIPMENT IS REMOVED 
WHILE ALTERNATE SOURCE(S) IS ENERGIZED. 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 13-97] 

II. Circuit Wiring 

700.10 Wiring, Emergency System. 


(D) Use. Transfer equipment shall supply only emergency (A) Identification. All boxes and enclosures (including 
loads. transfer switches, generators, and power panels) for emer- 
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gency circuits shall be permanently marked so they will be 
readily identified as a component of an emergency circuit 
or system. 

(B) Wiring. Wiring of two or more emergency circuits 
supplied from the same source shall be permitted in the 
same raceway, cable, box, or cabinet. Wiring from an emer¬ 
gency source or emergency source distribution overcurrent 
protection to emergency loads shall be kept entirely inde¬ 
pendent of all other wiring and equipment, unless otherwise 
permitted in (1) through (5): 

(1) Wiring from the normal power source located in trans¬ 
fer equipment enclosures 

(2) Wiring supplied from two sources in exit or emergency 
luminaires 

(3) Wiring from two sources in a listed load control relay 
supplying exit or emergency luminaires, or in a com¬ 
mon junction box, attached to exit or emergency lumi¬ 
naires 

(4) Wiring within a common junction box attached to unit 
equipment, containing only the branch circuit supply¬ 
ing the unit equipment and the emergency circuit sup¬ 
plied by the unit equipment 

(5) Wiring from an emergency source to supply emergency' 
and other loads in accordance with a, b, c and d: [ROP 
13-104] 

a. Separate vertical switchgear sectionS/O^' separate 
vertical switchboard sections, with or without a 
common bus, or individual disconnects mou 
separate enclosures shall be usedto separate emer¬ 
gency loads from all other loads. [ROP 13-103, 
ROP 13-104] 

b. The common bus of separate sections of the switch 
gear, separate sections of the switchboard or the 
individual enclosures shall be permitted to be sup¬ 
plied by single or multiple feeders without overcur¬ 
rent protection at the source. [ROP 13-103] 

Exception to (5)(b): Overcurrent protection shall be permit¬ 
ted at the source or for the equipment, provided the over- 
current protection complies with the requirements of 

700.27. [ROP 13-104] 

c. Emergency circuits shall not originate from the 
same vertical switchgear section, vertical switch¬ 
board section, panelboard enclosure, or individual 
disconnect enclosure as other circuits. [ROP 13- 
104] 

d. It shall be permissible to utilize single or multiple 
feeders to supply distribution equipment between an 
emergency source and the point where the emer¬ 
gency loads are separated from all other loads. 

[ROP 13-104] 


(C) Wiring Design and Location. Emergency wiring cir¬ 
cuits shall be designed and located so as to minimize the 
hazards that might cause failure due to flooding, fire, icing, 
vandalism, and other adverse conditions. 

(D) Fire Protection. Emergency systems shall meet the 
additional requirements in (D)(1) through (D)(3) in assem¬ 
bly occupancies for not less than 1000 persons or in build¬ 
ings above 23 m (75 ft) in height. [ROP 13-105, ROP 
13-106, ROP 13-107] 

(1) Feeder-Circuit Wiring. Feeder-circuit wiring shall 
meet one of the following conditions: 

(1) Be installed in spaces or areas that are fully protected 
by an approved automatic fire suppression system 

(2) Be a listed electrical circuit protective system with a 
minimum 2-h«ff fire rating 

Informational Note: UL guide information for electrical 
circuit protective salterns (FHIT) contains information on 
proper installation requirements to maintain the fire rating. 

(3) jje protected by a listed,fire-rated assembly, consisting 
wallboard, concrete or other material that 

limum fire rating of 2 hours and contains only 
< cy wiring circuits. [ROP 13-109, ROP 3-101] 



£{ler-CJreuit Equipment. Equipment for feeder cir- 
iing transfer switches, transformers, and panel- 
Etrds) shall be located either in spaces fully protected by 
automatic fire suppression systems (including 
;inklers, carbon dioxide systems) or in spaces with a 
hour fire resistance rating. 

(3) Generator Control Wiring. Control conductors in¬ 
stalled between the transfer equipment and the emergency 
generator shall be kept entirely independent of all other 
wiring and shall meet the conditions of 700.10(D)(1). 

III. Sources of Power 

700.12 General Requirements. Current supply shall be 
such that, in the event of failure of the normal supply to, or 
within, the building or group of buildings concerned, emer¬ 
gency lighting, emergency power, or both shall be available 
within the time required for the application but not to ex¬ 
ceed 10 seconds. The supply system for emergency pur¬ 
poses, in addition to the normal services to the building and 
meeting the general requirements of this section, shall be 
one or more of the types of systems described in 700.12(A) 
through (E). Unit equipment in accordance with 700.12(F) 
shall satisfy the applicable requirements of this article. 

In selecting an emergency source of power, consider¬ 
ation shall be given to the occupancy and the type of ser¬ 
vice to be rendered, whether of minimum duration, as for 
evacuation of a theater, or longer duration, as for supplying 
emergency power and lighting due to an indefinite period 
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of current failure from trouble either inside or outside the 
building. 

Equipment shall be designed and located so as to mini¬ 
mize the hazards that might cause complete failure due to 
flooding, fires, icing, and vandalism. 

Equipment for sources of power as described in 
700.12(A) through (E) where located within assembly oc¬ 
cupancies for greater than 1000 persons or in buildings 
above 23 m (75 ft) in height with any of the following 
occupancy classes — assembly, educational, residential, 
detention and correctional, business, and mercantile — 
shall be installed either in spaces fully protected by ap¬ 
proved automatic fire suppression systems (sprinklers, car¬ 
bon dioxide systems, and so forth) or in spaces with a 
1-hour fire rating. 

Informational Note No. 1: For the definition of Occupancy 
Classification , see Section 6.1 of NFPA 101- 2009, Life 
Safety Code. 

Informational Note No. 2: For further information, see 
ANSI/IEEE 493-2007, Recommended Practice for the De¬ 
sign of Reliable Industrial and Commercial Power Systems. 

[ROP 13-92a] 

(A) Storage Battery. Storage batteries used as a source of 
power for emergency systems shall be of suitable rati 
capacity to supply and maintain the total load for a min 
mum period of 1 Vi hours, without the voltage applied to the 
load falling below 87 Vi percent of normal. 

Batteries, whether of the acid or alkal ishall 

designed and constructed to meet the 
gency service and shall be compatib 
that particular installation. 

For a sealed battery, the 
to be transparent. However, for 
requires water additions, transparent 
ers shall be furnished. Auramotive-type 
be used. [ROP 13-27] 

An automatic battery chargin' s shall be provided. 

(B) Generator Set. 




ot be required 
acid battery that 
slucent contain- 
tteries shall not 


needed for the operation of the fuel transfer pumps to de¬ 
liver fuel to a generator set day tank, this pump shall be 
connected to the emergency power system. 

(3) Dual Supplies. Prime movers shall not be solely de¬ 
pendent on a public utility gas system for their fuel supply 
or municipal water supply for their cooling systems. Means 
shall be provided for automatically transferring from one 
fuel supply to another where dual fuel supplies are used. 

Exception: Where acceptable to the authority having ju¬ 
risdiction, the use of other than on-site fuels shall be per¬ 
mitted where there is a low probability of a simultaneous 
failure of both the off-site fuel delivery system and power 
from the outside electrical utility company. 

(4) Batteryjp®yrer and Dampers. Where a storage battery 
is used for control or signal power or as the means of 
starting the prime mover, it shall be suitable for the purpose 
and shall b^^quipped with an automatic charging means 
independent of the generator set. Where the battery charger 

equired for the operation of the generator set, it shall be 
connected to the emergency system. Where power is re- 
uired for the operation of dampers used to ventilate the 
enerator set, the dampers shall be connected to the emer¬ 
gency system. 

uxiliary Power Supply. Generator sets that require 
more than 10 seconds to develop power shall be permitted 
if an auxiliary power supply energizes the emergency sys¬ 
tem until the generator can pick up the load. 

(6) Outdoor Generator Sets. Where an outdoor housed 
generator set is equipped with a readily accessible discon¬ 
necting means in accordance with 445.18, and the discon¬ 
necting means is located within sight of the building or 
structure supplied, an additional disconnecting means shall 
not be required where ungrounded conductors serve or pass 
through the building or structure. Where the generator sup¬ 
ply conductors terminate at a disconnecting means in or on 
a building or structure, the disconnecting means shall meet 
the requirements of 225.36. [ROP 13-111] 


(1) Prime Mover-Driven. For a generator set driven by a 
prime mover acceptable to the authority having jurisdiction 
and sized in accordance with 700.4, means shall be pro¬ 
vided for automatically starting the prime mover on failure 
of the normal service and for automatic transfer and opera¬ 
tion of all required electrical circuits. A time-delay feature 
permitting a 15-minute setting shall be provided to avoid 
retransfer in case of short-time reestablishment of the nor¬ 
mal source. 

(2) Internal Combustion Engines as Prime Movers. 

Where internal combustion engines are used as the prime 
mover, an on-site fuel supply shall be provided with an 
on-premises fuel supply sufficient for not less than 2 hours’ 
full-demand operation of the system. Where power is 


Exception: For installations under single management, 
where conditions of maintenance and supen’ision ensure 
that only qualified persons will monitor and service the 
installation and where documented safe switching proce¬ 
dures are established and maintained for disconnection, the 
generator set disconnecting means shall not be required to 
be located within sight of the building or structure served. 

(C) Uninterruptible Power Supplies. Uninterruptible 
power supplies used to provide power for emergency sys¬ 
tems shall comply with the applicable provisions of 
700.12(A) and (B). 

(D) Separate Service. Where approved by the authority 
having jurisdiction as suitable for use as an emergency 
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source of power, an additional service shall be permitted. 
This service shall be in accordance with the applicable pro¬ 
visions of Article 230 and the following additional require¬ 
ments: 

(1) Separate overhead service conductors, service drop, un¬ 
derground service conductors or service lateral shall be 
installed [ROP 13-112] 


the wiring methods in Chapter 3. Flexible cord-and- 
plug connection shall be permitted, provided that the 
cord does not exceed 900 mm (3 ft) in length. 

(3) The branch circuit feeding the unit equipment shall be 
the same branch circuit as that serving the normal light¬ 
ing in the area and connected ahead of any local 
switches. 


(2) The service conductors for the separate service shall be 
installed sufficiently remote electrically and physically 
from any other service conductors to minimize the pos¬ 
sibility of simultaneous interruption of supply [ROP 
13-112] 

(E) Fuel Cell System. Fuel cell systems used as a source 
of power for emergency systems shall be of suitable rating 
and capacity to supply and maintain the total load for not 
less than 2 hours of full-demand operation. 

Installation of a fuel cell system shall meet the require¬ 
ments of Parts II through VIII of Article 692. 

Where a single fuel cell system serves as the normal 
supply for the building or group of buildings concerned, it 
shall not serve as the sole source of power for the emer¬ 
gency standby system. 

(F) Unit Equipment. 

(1) Components of Unit Equipment. Individual 
equipment for emergency illumination shall con: 
following: [ROP 13-114] 

(1) A rechargeable battery 

(2) A battery charging means 

(3) Provisions for one or more I 
equipment, or shall be permi 
remote lamps, or both 

(4) A relaying device arranged 5 
matically upon failure of 
equipment 



ips auto- 
the unit 


(2) Installation of Unit Equipment. Unit equipment shall 
be installed in accordance with (1), (2), (3), (4), (5), and 
( 6 ). 

(1) The batteries shall be of suitable rating and capacity to 
supply and maintain at not less than 87'A percent of the 
nominal battery voltage for the total lamp load associ¬ 
ated with the unit for a period of at least 1V 2 hours, or 
the unit equipment shall supply and maintain not less 
than 60 percent of the initial emergency illumination 
for a period of at least IV 2 hours. Storage batteries, 
whether of the acid or alkali type, shall be designed and 
constructed to meet the requirements of emergency ser¬ 
vice. 


Exception: In a separate and uninterrupted area supplied 
by a minimum of three normal lighting circuits that are not 
part of a multiwire branch circuit, a separate branch circuit 
for unit equipment shall be permitted if it originates from 
the same panelboard as that of the normal lighting circuits 
that are not part of a multiwire branch circuit and is pro¬ 
vided with a lock-on feature. [ROP 13-116] 

(4) The branch circuit that feeds unit equipment shall be 
clearly identiflK at the distribution panel. 

(5) Emergency luminaires that obtain power from a unit 
equipment and are not part of the unit equipment shall 
be wired to the unit equipment as required by 700.10 

^Tby on&of the wiring methods of Chapter 3. 

(6) RemohiB&ds providing lighting for the exterior of an 
exit door shall be permitted to be supplied by the unit 
equipment serving the area immediately inside the exit 

r. [ra^ 13-114] 

Emergency System Circuits for Fighting and 
Power 

.15 Uoads on Emergency Branch Circuits. No appli¬ 
ances and no lamps, other than those specified as required 
for emergency use, shall be supplied by emergency lighting 
circuits. 

700.16 Emergency Illumination. Emergency illumination 
shall include all required means of egress lighting, illumi¬ 
nated exit signs, and all other lights specified as necessary 
to provide required illumination. 

Emergency lighting systems shall be designed and in¬ 
stalled so that the failure of any individual lighting element, 
such as the burning out of a lamp, cannot leave in total 
darkness any space that requires emergency illumination. 

Where high-intensity discharge lighting such as highl¬ 
and low-pressure sodium, mercury vapor, and metal halide 
is used as the sole source of normal illumination, the emer¬ 
gency lighting system shall be required to operate until 
normal illumination has been restored. 

Exception: Alternative means that ensure emergency light¬ 
ing illumination level is maintained shall be permitted. 


(2) Unit equipment shall be permanently fixed in place 
(i.e., not portable) and shall have all wiring to each unit 
installed in accordance with the requirements of any of 


700.17 Branch Circuits for Emergency Lighting. Branch 
circuits that supply emergency lighting shall be installed to 
provide service from a source complying with 700.12 when 
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the normal supply for lighting is interrupted. Such installa¬ 
tions shall provide either of the following: 

(1) An emergency lighting supply, independent of the nor¬ 
mal lighting supply, with provisions for automatically 
transferring the emergency lights upon the event of 
failure of the normal lighting branch circuit 

(2) Two or more branch circuits supplied from separate 
and complete systems with independent power sources. 
One of the two power sources and systems shall be part 
of the emergency system, and the other shall be permit¬ 
ted to be part of the normal power source and system. 
Each system shall provide sufficient power for emer¬ 
gency lighting purposes. 

Unless both systems are used for regular lighting pur¬ 
poses and are both kept lighted, means shall be pro¬ 
vided for automatically energizing either system upon 
failure of the other. Either or both systems shall be 
permitted to be a part of the general lighting of the 
protected occupancy if circuits supplying lights for 
emergency illumination are installed in accordance 
with other sections of this article. 

700.18 Circuits for Emergency Power. For branch cir¬ 
cuits that supply equipment classed as emergency, 
shall be an emergency supply source to which the lo; 
be transferred automatically upon the failure of the ni 
supply. 

700.19 Multi-wire Branch Circuits. The ft circ 

serving emergency lighting and power circui 11 not b 

part of a multi-wire branch circuit. [ROP 1 




Y. Control — Emergen 

700.20 Switch Require: 

(A) Arrangement. The switch or switches installed in 
emergency lighting circuits shall be arranged so that only 
authorized persons have control of emergency lighting. 

[ROP 13-119] 

Exception No. 1: Where two or more single-throw 
switches are connected in parallel to control a single cir¬ 
cuit, at least one of these switches shall be accessible only 
to authorized persons. 

Exception No. 2: Additional switches that act only to put 
emergency lights into operation but not disconnect them 
shall be permissible. 

(B) Series Connected or Three Way and Four Way 
Switches. Switches connected in series or 3- and 4-way 
switches shall not be used. [ROP 13-119] 

(C) Motion Sensors. Emergency lighting circuits shall be 
permitted to be switched by motion sensors, where all of 
the following conditions are met: 


(1) Spacing between motion sensors is in accordance with 
manufacturer’s instructions. 

(2) Manual activation is not required to reenergize emer¬ 
gency lighting when the area is occupied. 

(3) A time delay of 15 minutes shall be required after the 
area is vacated prior to extinguishing of lighting for the 
area. 

(4) Motion sensors shall not have a manual-OFF position. 

[ROP 13-119] 

700.21 Switch Location. All manual switches for control¬ 
ling emergency circuits shall be in locations convenient to 
authorized persons responsible for their actuation. In facili¬ 
ties covered by Articles 518 and 520, a switch for control¬ 
ling emergency lighting systems shall be located in the 
lobby or at a place conveniently accessible thereto. 

In no caseshall a control switch for emergency lighting 
be placed in a motion-picture projection booth or on a stage 

jcceptiatt: Where ^Multiple switches are provided, one 
uchj^mtch shall be permitted in such locations where ar- 
cl so that it can only energize the circuit but cannot 
dP-emrgiz.e the circuit. 


22 Exterior Lights. Those lights on the exterior of a 
ng that are not required for illumination when there is 
sufficient daylight shall be permitted to be controlled by an 
automatic light-actuated device. 

700.23 Dimmer and Relay Systems. A dimmer or relay 
system containing more than one dimmer or relay and 
listed for use in emergency systems shall be permitted to be 
used as a control device for energizing emergency lighting 
circuits. Upon failure of normal power, the dimmer or relay 
system shall be permitted to selectively energize only those 
branch circuits required to provide minimum emergency 
illumination. All branch circuits supplied by the dimmer or 
relay system cabinet shall comply with the wiring methods 
of Article 700. [ROP 13-120] 

700.24 Automatic Load Control Relay. If an emergency 
lighting load is automatically energized upon loss of the 
normal supply, a listed automatic load control relay shall be 
permitted to energize the load. The load control relay shall 
not be used as transfer equipment. 

VI. Overcurrent Protection 

700.25 Accessibility. The branch-circuit overcurrent de¬ 
vices in emergency circuits shall be accessible to autho¬ 
rized persons only. 

700.26 Ground-Fault Protection of Equipment. The al¬ 
ternate source for emergency systems shall not be required 
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to have ground-fault protection of equipment with auto¬ 
matic disconnecting means. Ground-fault indication of the 
emergency source shall be provided in accordance with 
700.6(D) if ground-fault protection of equipment with au¬ 
tomatic disconnecting means is not provided. [ROP 13- 
122 ] 

700.27 Coordination. Emergency system] s) overcurrent 
devices shall be selectively coordinated with all supply side 
overcurrent protective devices. 


Informational Note No. 1: Legally required standby sys¬ 
tems are typically installed to serve loads, such as heating 
and refrigeration systems, communications systems, venti¬ 
lation and smoke removal systems, sewage disposal, light¬ 
ing systems, and industrial processes, that, when stopped 
during any interruption of the normal electrical supply, 
could create hazards or hamper rescue or fire-fighting 
operations. 

Informational Note No. 2: See Informational Note Figure 
701.2, No. 2. [ROP 13-130], 


Exception: Selective coordination shall not be required 
between two overcurrent devices located in series if no 
loads are connected in parallel with the downstream 
device. 


ARTICLE 701 

Legally Required Standby Systems 

I. General 

701.1 Scope. The provisions of this article apply to thi 
electrical safety of the installation, operation, and mainte¬ 
nance of legally required standby systems consisting of cir¬ 
cuits and equipment intended to supply, distribute 
trol electricity to required facilities for ill 
power, or both, when the normal electrical 
is interrupted. 

The systems covered by this a rt i cle 
those that are permanently installed 
ing the power source. 

Informational Note No. 1: For additional inforn Ion, see 
NFPA 99-2012, Standard for Heald^^e Faciln . [ROP 

13-129] 

Informational Note No. 2: For further inf9Hnation regard¬ 
ing performance of emergency and standby power systems, 
see NFPA 110-2013, Standard for Emergency and Standby 
Power Systems. [ROP 13-129] 

Informational Note No. 3: For further information, see 
ANSI/IEEE 446-1995, Recommended Practice for Emer¬ 
gency and Standby Power Systems for Industrial and Com¬ 
mercial Applications. 


Alternate power 
source 


Normal 

system 





Legally required standby system 


ormational Note Figure 701.2, No. 2 Legally Required 
ndby Systems. [ROP 13-130] 


701.3 Tests and Maintenance. 

(A) Conduct or Witness Test. The authority having juris¬ 
diction shall conduct or witness a test of the complete sys¬ 
tem upon installation. 

(B) Tested Periodically. Systems shall be tested periodi¬ 
cally on a schedule and in a manner acceptable to the au¬ 
thority having jurisdiction to ensure the systems are main¬ 
tained in proper operating condition. 

(C) Battery Systems Maintenance. Where batteries are 
used for control, starting, or ignition of prime movers, the 
authority having jurisdiction shall require periodic mainte¬ 
nance. 


701.2 Definition. 

Legally Required Standby Systems. Those systems re¬ 
quired and so classed as legally required standby by mu¬ 
nicipal, state, federal, or other codes or by any governmen¬ 
tal agency having jurisdiction. These systems are intended 
to automatically supply power to selected loads (other than 
those classed as emergency systems) in the event of failure 
of the normal source. 


(D) Written Record. A written record shall be kept on 
such tests and maintenance. 

(E) Testing Under Load. Means for testing legally re¬ 
quired standby systems under load shall be provided. 

Informational Note: For information on testing and main¬ 
tenance of emergency power supply systems (EPSSs), see 
NFPA 110-2010, Standard for Emergency and Standby 
Power Systems. [ROP 13-131a] 
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701.4 Capacity and Rating. A legally required standby 
system shall have adequate capacity and rating for the sup¬ 
ply of all equipment intended to be operated at one time. 
Legally required standby system equipment shall be suit¬ 
able for the maximum available fault current at its termi¬ 
nals. 

The legally required standby alternate power source 
shall be permitted to supply both legally required standby 
and optional standby system loads under either of the fol¬ 
lowing conditions: 

(1) Where the alternate source has adequate capacity to 
handle all connected loads 


than 150 volts to ground and circuit-protective devices 
rated 1000 amperes or more. The sensor for the ground- 
fault signal devices shall be located at, or ahead of, the 
main system disconnecting means for the legally required 
standby source, and the maximum setting of the signal de¬ 
vices shall be for a ground-fault current of 1200 amperes. 
Instructions on the course of action to be taken in event of 
indicated ground fault shall be located at or near the sensor 
location. 

Informational Note: For signals for generator sets, see 
NFPA 110-2010, Standard for Emergency and Standby 
Power Systems. 


(2) Where automatic selective load pickup and load shed¬ 
ding is provided that will ensure adequate power to the 
legally required standby circuits 

701.5 Transfer Equipment. 

(A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic and identified for 
standby use and approved by the authority having jurisdic¬ 
tion. Transfer equipment shall be designed and installed to 
prevent the inadvertent interconnection of normal and alter¬ 
nate sources of supply in any operation of the transfer 
equipment. Transfer equipment and electric power 
tion systems installed to permit operation in paralle’ 
the normal source shall meet the requirements of 
705 . 

(B) Bypass Isolation Switches. Meaj 
late the transfer switch equipmei 
Where bypass isolation switches are u: 
allel operation shall be avoidi 


(C) Automatic Transfer Switches. 

switches shall be electrically operated 
held. Automatic transfer switches, rated 
low, shall be listed for emcrgcncWus^ 




ItomM#* transfer 
ttd mechanically 
)0 VAC and be- 

tOP 13-132] 


701.6 Signals. Audible and visual signal devices shall be 
provided, where practicable, for the purposes described in 
701.6(A), (B), (C), and (D). 

(A) Derangement. To indicate derangement of the standby 
source. 


701.7 Signs. 

(A) Mandated Standby. A sign shall be placed at the ser¬ 
vice entrance indicating type and location of on-site legally 
required standby power sources. 

ExpepTion: A sign.shall not be required for individual unit 
upment as specified in 701.12(G). 

(B) Grounding. Where removal of a grounding or bonding 
connection in normal power source equipment interrupts 
the grounding electrode conductor connection to the alter¬ 
nate^ power source(s) grounded conductor, a warning sign 

b W installed at the normal power source equipment 


WARNING 

SHOCK HAZARD EXISTS IF GROUNDING 
ELECTRODE CONDUCTOR OR BONDING JUMPER 
CONNECTION IN THIS EQUIPMENT IS REMOVED 
WHILE ALTERNATE SOURCE(S) IS ENERGIZED. 

The warning sign(s) or label(s) shall comply with 
110.21(B). [ROP 13-133] 

II. Circuit Wiring 

701.10 Wiring Legally Required Standby Systems. The 

legally required standby system wiring shall be permitted to 
occupy the same raceways, cables, boxes, and cabinets with 
other general wiring. 


(B) Carrying Load. To indicate that the standby source is 
carrying load. 

(C) Not Functioning. To indicate that the battery charger 
is not functioning. 

Informational Note: For signals for generator sets, see 
NFPA 110-2010, Standard for Emergency and Standby 
Power Systems. 

(D) Ground Fault. To indicate a ground fault in solidly 
grounded wye, legally required standby systems of more 


III. Sources of Power 

701.12 General Requirements. Current supply shall be 
such that, in the event of failure of the normal supply to, or 
within, the building or group of buildings concerned, le¬ 
gally required standby power will be available within the 
time required for the application but not to exceed 60 sec¬ 
onds. The supply system for legally required standby pur¬ 
poses, in addition to the normal services to the building, 
shall be permitted to comprise one or more of the types of 
systems described in 701.12(A) through (F). Unit equip- 
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ment in accordance with 701.12(G) shall satisfy the appli¬ 
cable requirements of this article. 

In selecting a legally required standby source of power, 
consideration shall be given to the type of service to be 
rendered, whether of short-time duration or long duration. 

Consideration shall be given to the location or design, 
or both, of all equipment to minimize the hazards that 
might cause complete failure due to floods, fires, icing, and 
vandalism. 

Informational Note: For further information, see 

ANSI/IEEE 493-2007, Recommended Practice for the De¬ 
sign of Reliable Industrial and Commercial Power Systems. 

[ROP 13-131a] 

(A) Storage Battery. A storage battery shall be of suitable 
rating and capacity to supply and maintain at not less than 
871/2 percent of system voltage the total load of the circuits 
supplying legally required standby power for a period of at 
least 1 Vi hours. 

Batteries, whether of the acid or alkali type, shall be 
designed and constructed to meet the service requirements 
of emergency service and shall be compatible with the 
charger for that particular installation. 

For a sealed battery, the container shall not be required 
to be transparent. However, for the lead acid battery thatt 
requires water additions, transparent or translucent contain¬ 
ers shall be furnished. Automotive-type batteries shall not 
be used. [ROP 13-27] 

An automatic battery charging means shall he provid 

(B) Generator Set. 

(1) Prime Mover-Driven. For a generator set driven by a 
prime mover acceptable to the authority having jurisdiction 
and sized in accordance with 701.4, means spill be "ro- 
vided for automatically starting the prime mover upon fail¬ 
ure of the normal service and for automatic transfer and 
operation of all required electrical cnettitS; A time-delay 
feature permitting a 15-minute setting shall'be provided to 
avoid retransfer in case of short-time re-establishment of 
the normal source. 

(2) Internal Combustion Engines as Prime Mover. 

Where internal combustion engines are used as the prime 
mover, an on-site fuel supply shall be provided with an 
on-premises fuel supply sufficient for not less than 2 hours 
of full-demand operation of the system. Where power is 
needed for the operation of the fuel transfer pumps to de¬ 
liver fuel to a generator set day tank, the pumps shall be 
connected to the legally required standby power system. 

(3) Dual Supplies. Prime movers shall not be solely de¬ 
pendent on a public utility gas system for their fuel supply 
or on a municipal water supply for their cooling systems. 
Means shall be provided for automatically transferring one 
fuel supply to another where dual fuel supplies are used. 


Exception: Where acceptable to the authority having ju¬ 
risdiction, the use of other than on-site fuels shall be per¬ 
mitted where there is a low probability of a simultaneous 
failure of both the off-site fuel delivery system and power 
from the outside electrical utility company. 

(4) Battery Power. Where a storage battery is used for 
control or signal power or as the means of starting the 
prime mover, it shall be suitable for the purpose and shall 
be equipped with an automatic charging means independent 
of the generator set. 

(5) Outdoor Generator Sets. Where an outdoor housed 
generator set is equipped with a readily accessible discon¬ 
necting means in accordance with 445.18, and the discon¬ 
necting means is loo&ted within sight of the building or 
structure supplied, an additional disconnecting means shall 
not be required where ungrounded conductors serve or pass 
through the building or structure. Where the generator sup¬ 
ply conductors terminate iat a disconnecting means in or on 
a buikjjlg or structure, tfemsconnecting means shall meet 
the^equiremertts of 225.3o*fROP 13-111] 

(C) Uninterruptible Power Supplies. Uninterruptible 
power stRkes used to provide power for legally required 
iby systems shall comply with the applicable provi- 
112(A) and (B). 

)) Separate Service. Where approved, a separate service 
all be permitted as a legally required source of standby 
ver. This service shall be in accordance with the appli¬ 
cable provisions of Article 230, with a separate service drop 
or lateral or a separate set of overhead or underground 
service conductors sufficiently remote electrically and 
physically from any other service to minimize the possibil¬ 
ity of simultaneous interruption of supply from an occur¬ 
rence in another service. [ROP 13-136] 

(E) Connection Ahead of Service Disconnecting Means. 

Where acceptable to the authority having jurisdiction, con¬ 
nections located ahead of and not within the same cabinet, 
enclosure, vertical switchgear section, or vertical switch¬ 
board section as the service disconnecting means shall be 
permitted. The legally required standby service shall be 
sufficiently separated from the normal main service discon¬ 
necting means to minimize simultaneous interruption of 
supply through an occurrence within the building or groups 
of buildings served. [ROP 13-137] 

Informational Note: See 230.82 for equipment permitted 
on the supply side of a service disconnecting means. 

(F) Fuel Cell System. Fuel cell systems used as a source 
of power for legally required standby systems shall be of 
suitable rating and capacity to supply and maintain the total 
load for not less than 2 hours of full-demand operation. 
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Installation of a fuel cell system shall meet the require¬ 
ments of Parts II through VIII of Article 692. 

Where a single fuel cell system serves as the normal 
supply for the building or group of buildings concerned, it 
shall not serve as the sole source of power for the legally 
required standby system. 


be required to have ground-fault protection of equipment 
with automatic disconnecting means. Ground-fault indica¬ 
tion of the legally required standby source shall be pro¬ 
vided in accordance with 701.6(D) if ground-fault protec¬ 
tion of equipment with automatic disconnecting means is 
not provided. [ROP 13-138] 


(G) Unit Equipment. Individual unit equipment for le¬ 
gally required standby illumination shall consist of the fol¬ 
lowing: 

(1) A rechargeable battery 

(2) A battery charging means 

(3) Provisions for one or more lamps mounted on the 
equipment and shall be permitted to have terminals for 
remote lamps 

(4) A relaying device arranged to energize the lamps auto¬ 
matically upon failure of the supply to the unit 
equipment 

The batteries shall be of suitable rating and capacity to 
supply and maintain at not less than 87 Vi percent of the 
nominal battery voltage for the total lamp load associated 
with the unit for a period of at least U /2 hours, or the unit 
equipment shall supply and maintain not less than 60 per¬ 
cent of the initial legally required standby illuminati 
period of at least IV 2 hours. Storage batteries, whether, o 
the acid or alkali type, shall be designed and constructed to 
meet the requirements of emergency serving. It 

Unit equipment shall be permanejgly fixed in plao'j 
(i.e., not portable) and shall have all wiring to ea ch un i 
installed in accordance with the requirements of any of the 
wiring methods in Chapter 3. flexible cord-and-plug con¬ 
nection shall be permitted, orovided that the cord does not 
exceed 900 mm (3 ft) in length. The branch circuit feeding 
the unit equipment shall be the same bramh circuit as that 
serving the normal lighting in the area and connected ahead 
of any local switches. Legally required standby luminaires 
that obtain power from a unit equqqment and are not part of 
the unit equipment shall be wired to the unit equipment by 
one of the wiring methods of Chapter 3. 

Exception: In a separate and uninterrupted area supplied 
by a minimum of three normal lighting circuits, a separate 
branch circuit for unit equipment shall be permitted if it 
originates from the same panelboard as that of the normal 
lighting circuits and is provided with a lock-on feature. 


701.27 Coordination. Legally required standby system(s) 
overcurrent devices shall be selectively coordinated with all 
supply-side overcurrent protective devices. 

Exception: Selective coordination shall not be required 
between two overcurrent devices located in series if no 
loads are connected in parallel with the downstream 
device. 


ARTICLE 702 
Optional Standby Systems 




702.1 Scope. The provisions of this article apply to the 
installation and operation of optional standby systems. 

e systems covered by this article consist of those that 
are^ermanently installed in their entirety, including prime 
movers, and those that are arranged for a connection to a 
premises wiring system from a portable alternate power 
supply. 

702.2 Definition. 

Optional Standby Systems. Those systems intended to 
supply power to public or private facilities or property 
where life safety does not depend on the performance of the 
system. Optional standby systems are intended to supply 
on-site generated power to selected loads either automati¬ 
cally or manually. 

Informational Note No. 1: Optional standby systems are 
typically installed to provide an alternate source of electric 
power for such facilities as industrial and commercial 
buildings, farms, and residences and to serve loads such as 
heating and refrigeration systems, data processing and com¬ 
munications systems, and industrial processes that, when 
stopped during any power outage, could cause discomfort, 
serious interruption of the process, damage to the product 
or process, or the like. [ROP 13-141] 


IV. Overcurrent Protection 

701.25 Accessibility. The branch-circuit overcurrent de¬ 
vices in legally required standby circuits shall be accessible 
to authorized persons only. 

701.26 Ground-Fault Protection of Equipment. The al¬ 
ternate source for legally required standby systems shall not 


Informational Note No. 2: See Informational Note Figure 
702.2, No. 2. [ROP 13-141] 

702.4 Capacity and Rating. 

(A) Available Short-Circuit Current. Optional standby 
system equipment shall be suitable for the maximum avail¬ 
able short-circuit current at its terminals. 
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deliver. The supplementary overcurrent protection devices 
shall be part of a listed transfer equipment. 

Transfer equipment shall be required for all standby 
systems subject to the provisions of this article and for 
which an electric utility supply is either the normal or 
standby source. 

Exception: Temporary connection of a portable generator 
without transfer equipment shall be permitted where condi¬ 
tions of maintenance and supervision ensure that only 
qualified persons service the installation and where the 
normal supply is physically isolated by a lockable discon¬ 
necting means or by disconnection of the normal supply 
conductors. 


Optional standby system 

Informational Note Figure 702.2, No. 2 Optional Standby 
Systems. [ROP 13-141] 


(B) System Capacity. The calculations of load on the 
standby source shall be made in accordance with Article 
220 or by another approved method. 

(1) Manual Transfer Equipment. Where manual transfe 
equipment is used, an optional standby system shall have 
adequate capacity and rating for the supply of all equip 
ment intended to be operated at one time. The usasa&the 
optional standby system shall be permitted 
load connected to the system. 

(2) Automatic Transfer Equipment. Wh< 

transfer equipment is used, an optional stam 
shall comply with (2)(a) or (2)(b 

(a) Full Load. The standbf source shall b%t|apable of 
supplying the full load that is transferred by the automatic 
transfer equipment. 

(b) Load Management. Where a system is employed 
that will automatically manage the connected load, the 
standby source shall have a capacity sufficient to supply the 
maximum load that will be connected by the load manage¬ 
ment system. 

702.5 Transfer Equipment. Transfer equipment shall be 
suitable for the intended use and designed and installed so 
as to prevent the inadvertent interconnection of normal and 
alternate sources of supply in any operation of the transfer 
equipment. Transfer equipment and electric power produc¬ 
tion systems installed to permit operation in parallel with 
the normal source shall meet the requirements of Article 
705 . 

Transfer equipment, located on the load side of branch 
circuit protection, shall be permitted to contain supplemen¬ 
tal overcurrent protection having an interrupting rating suf¬ 
ficient for the available fault current that the generator can 


702.6 Signals. 

provided, where 


(1) Deran: 

standby source. 




and visual signal devices shall be 
r ticable, for the following purposes. 


ndicate derangement of the optional 


oad. To indicate that the optional standby 
Trig load. 

Signals shall not be required for portable 
ei: sources. 


Standby. A sign shall be placed at the service-entrance 
ipment that indicates the type and location of on-site 
ptional standby power sources. A sign shall not be re¬ 
quired for individual unit equipment for standby illumina¬ 
tion. 

(B) Grounding. Where removal of a grounding or bonding 
connection in normal power source equipment interrupts 
the grounding electrode conductor connection to the alter¬ 
nate power source(s) grounded conductor, a warning sign 
shall be installed at the normal power source equipment 
stating: 

WARNING 

SHOCK HAZARD EXISTS IF GROUNDING 
ELECTRODE CONDUCTOR OR BONDING JUMPER 
CONNECTION IN THIS EQUIPMENT IS REMOVED 
WHILE ALTERNATE SOURCE(S) IS ENERGIZED. 

The warning sign(s) or label(s) shall comply with 

110.21(B). [ROP 13-145] 

(C) Power Inlet. Where a power inlet is used for a tem¬ 
porary connection to a portable generator, a warning sign 
shall be placed near the inlet to indicate the type of derived 
system that the system is capable of based on the wiring of 
the transfer equipment. The sign shall read one of the fol¬ 
lowing: [ROP 13-146] 
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WARNING: 

FOR CONNECTION OF A SEPARATELY DERIVED 
(BONDED NEUTRAL) SYSTEM ONLY 
or 

WARNING: 

FOR CONNECTION OF A NONSEPARATELY DE¬ 
RIVED (FLOATING NEUTRAL) SYSTEM ONLY 

[ROP 13-146] 

II. Wiring 


ARTICLE 705 

Interconnected Electric Power 
Production Sources 


I. General 

705.1 Scope. This article covers installation of one or more 
electric power production sources operating in parallel with 
a primary source(s) of electricity. 


702.10 Wiring Optional Standby Systems. The optional 
standby system wiring shall be permitted to occupy the 
same raceways, cables, boxes, and cabinets with other gen¬ 
eral wiring. 

702.11 Portable Generator Grounding. 

(A) Separately Derived System. Where a portable op¬ 
tional standby source is used as a separately derived sys¬ 
tem, it shall be grounded to a grounding electrode in accor¬ 
dance with 250.30. 

(B) Nonseparately Derived System. Where a portal 
tional standby source is used as a nonseparately di 
system, the equipment grounding conductor shall 
bonded to the system grounding electrode 

702.12 Outdoor Generator Sets. [ 


Informational Note: Examples of the types of primary 
sources include a utility supply or an on-site electric power 
source(s). 



(A) Permanently Installed Generators and Portable 

Generators Greater Than Wha^j an outdoor 

housed generator set is j^uipped with a rcadin^accessihle 
disconnecting means in accordance with 445.18, and the 
disconnecting means is located within sight of the building 
or structure supplied, an additional disconnecting means 
shall not be required where ungrounded conductors serve or 
pass through the building or structure. Where the generator 
supply conductors terminate at a disconnecting means in or 
on a building or structure, the disconnecting means shall 
meet the requirements of 225.36. [ROP 13-111] 

(B) Portable Generators 15 KW or Less. Where a por¬ 
table generator, rated 15 KW or less, is installed using a 
flanged inlet or other cord and plug type connection, a 
disconnecting means shall not be required where un¬ 
grounded conductors serve or pass through a building or 
structure. [ROP 13-148] 


705.2 Defini 


is. 



Hybrid System. A system comprised of multiple power 
sources. These power sources could include photovoltaic, 
wind, micro-hydro generators, engine-driven generators, 
others, but do not include electric power production 
cind distribution network systems. Energy storage systems 
uclyas batteries, flywheels, or superconducting magnetic 
storage equipment shall not constitute a power source for 
the purpose of this definition. The energy regenerated by an 
overhauling (descending) elevator shall not constitute a 
source for the purpose of this definition. [ROP 
5b] 

Multimode Inverter. Equipment having capabilities of 
both the utility-interactive inverter and the stand-alone in¬ 
verter. [ROP 4-378, ROP 4-379, ROP 4-381, ROP 
4-382] 

Power Production Equipment. The generating source, 
and all distribution equipment associated with it, that gen¬ 
erates electricity from a source other than a utility supplied 
service. 

Informational Note: Examples of power production equip¬ 
ment include such items as generators, solar photovoltaic 
systems, and fuel cell systems. 

Utility-Interactive Inverter Output Circuit. The conduc¬ 
tors between the utility interactive inverter and the service 
equipment or another electric power production source, 
such as a utility, for electrical production and distribution 
network. 

705.3 Other Articles. Interconnected electric power pro¬ 
duction sources shall comply with this article and also with 
the applicable requirements of the articles in Table 705.3. 


705.4 Equipment Approval. All equipment shall be ap¬ 
proved for the intended use. Utility-interactive inverters for 
interconnection systems shall be listed and identified for 
interconnection service. 
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Table 705.3 Other Articles 


Equipment/System 

Article 

Generators 

445 

Solar photovoltaic systems 

690 

Fuel cell systems 

692 

Wind electric systems [ROP 4-385] 

694 

Emergency systems 

700 

Legally required standby systems 

701 

Optional standby systems 

702 


705.6 System Installation. Installation of one or more 
electrical power production sources operating in parallel 
with a primary source(s) of electricity shall be installed 
only by qualified persons. 

Informational Note: See Article 100 for the definition of 
Qualified Person. 

705.10 Directory. A permanent plaque or directory, denot¬ 
ing all electric power sources on or in the premises, shall be 
installed at each service equipment location and at locations 
of all electric power production sources capable of being 
interconnected. 

Exception: Installations with large numbers of power pro 
duction sources shall be permitted to be designated by 
groups. 

705.12 Point of Connection. The output 

nected electric power source shall be conned 1 
in 705.12(A), (B), (C), or (D). 

(A) Supply Side. An electricproduction source 
shall be permitted to be connecteffto the supply side of the 
service disconnecting means as permitted in 230.82(6). The 
sum of the ratings of all overcurrer^devices^Rnected to 
power production sources shall not exceed theTating of the 
service. 

(B) Integrated Electrical Systems. The outputs shall be 
permitted to be interconnected at a point or points else¬ 
where on the premises where the system qualifies as an 
integrated electrical system and incorporates protective 
equipment in accordance with all applicable sections of 
Article 685. 

(C) Greater Than 100 kW. The outputs shall be permitted 
to be interconnected at a point or points elsewhere on the 
premises where all of the following conditions are met: 

(1) The aggregate of non-utility sources of electricity has a 
capacity in excess of 100 kW, or the service is above 
1000 volts. 

(2) The conditions of maintenance and supervision ensure 
that qualified persons service and operate the system. 



(3) Safeguards, documented procedures, and protective 
equipment are established and maintained. 

(D) Utility-Interactive Inverters. The output of a utility- 
interactive inverter shall be permitted to be connected to 
the load side of the service disconnecting means of the 
other source(s) at any distribution equipment on the pre¬ 
mises. Where distribution equipment, including switchgear, 
switchboards, or panelboards, is fed simultaneously by a 
primary source(s) of electricity and one or more utility- 
interactive inverters, and where this distribution equipment 
is capable of supplying multiple branch circuits or feeders 
or both, the interconnecting provisions for the utility- 
interactive inverter(s) shall comply with (D)(1) through 
(D)(7). [ROP 4-375a, ROP 4-387, ROP 4-402, ROP 
4-403] 

(1) Dedicated Overcurrent and Disconnect. The source 
interconnection of one or more inverters installed in one 
system shaJubc made at a dedicated circuit breaker or fus¬ 
ible disconnecting meai 

(2) Bus or Conductor Ampere Rating. For all bus and 
feeder ampacity calculations, 125% of the inverter output 
circuit current shall be used. In systems where inverter out- 

connections are made at feeders, any load taps must be 
ised on the sum of 125% of the inverter(s) output 
t and the rating of the overcurrent device pro- 
ing the feeder conductors as calculated in 240.21(B). 
One of the methods in (a)-(d) shall be used to determine 
ratings of busbars in panelboards: 

(a) The sum of 125% of the inverter(s) output circuit 
current and the rating of the overcurrent device protecting 
the busbar shall not exceed the ampacity of the busbar. 

Informational Note: This general rule assumes no limita¬ 
tion in the number of the loads or sources applied to a 
busbar or their locations. 

(b) Where two sources, one utility and the other an 
inverter, are located at opposite ends of a busbar that con¬ 
tains loads, the sum of 125% of the inverter(s) output cir¬ 
cuit current and the rating of the overcurrent device protect¬ 
ing the busbar shall not exceed 120% the ampacity of the 
busbar. The busbar shall be sized for the loads connected in 
accordance with Article 220. A permanent warning label 
shall be applied to the distribution equipment adjacent to 
the backfed breaker from the inverter with the following or 
equivalent wording: 

WARNING: 

INVERTER OUTPUT CONNECTION, 

DO NOT RELOCATE THIS OVERCURRENT DEVICE 
The warning sign(s) or label (s) shall comply with 
110.21(B). 

Exception: Equipment with multiple ampacity busbars or 
center fed panelboards are not addressed by this provision. 
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(c) The sum of the ampere ratings of all overcurrent 
devices on panelboards, both load and supply devices, ex¬ 
cluding the rating of the overcurrent device protecting the 
busbar, shall not exceed the ampacity of the busbar. The 
rating of the overcurrent device protecting the busbar shall 
not exceed the rating of the busbar. Permanent warning 
labels shall be applied to distribution equipment with the 
following or equivalent wording: 


The warning sign(s) or label(s) shall comply with 
110.21(B). 

(7) Wire Harness and Exposed Cable Arc Fault Protec¬ 
tion. Utility interactive inverter(s) that have a wire harness 
or cable output circuit, rated 240V, 30A or less, that is not 
installed within an enclosed raceway, shall be provided 
with listed AC AFCI protection. 


WARNING: 

THIS EQUIPMENT FED BY MULTIPLE SOURCES. 
TOTAL RATING OF ALL OVERCURRENT DEVICES, 
EXCLUDING MAIN SUPPLY OVERCURRENT DE¬ 
VICE, 

SHALL NOT EXCEED AMPACITY OF BUSBAR. 

The warning sign(s) or label (s) shall comply with 
110.21(B). 

(d) Connections shall be permitted on multiple ampac¬ 
ity busbars, or center fed panelboards where designed un¬ 
der engineering supervision that include fault studies and 
busbar load calculations. 

(3) Marking. Equipment containing overcurrent devices in 
circuits supplying power to a busbar or conductor supplied 
from multiple sources shall be marked to indicate th 
ence of all sources. 

(4) Suitable for Backfeed. Circuit breaker^, if back 
shall be suitable for such operation. 


Informational Note: Fused disconne 
marked, are suitable for backfeeding. 


unless otherwise 


(5) Fastening. Listed plug-in,-type circuit breakers backfed 
from utility-interactive in^pfers that are listed and identi¬ 
fied as interactive shall be permitted to' <®oit th^additional 
fastener normally required by 408.36(D) for such applica¬ 
tions. 

(6) Inverter Output Connection^Pnless the panelboard 
is rated not less than the sum of the ampere ratings of all 
overcurrent devices supplying it, a connection in a panel- 
board shall be positioned at the opposite (load) end from 
the input feeder location or main circuit location. The bus 
or conductor rating shall be sized for the loads connected in 
accordance with Article 220. In systems with panelboards 
connected in series, the rating of the first overcurrent device 
directly connected to the output of a utility-interactive in¬ 
verters) shall be used in the calculations for all busbars and 
conductors. A permanent warning label shall be applied to 
the distribution equipment with the following or equivalent 
wording: 

WARNING 

INVERTER OUTPUT CONNECTION 
DO NOT RELOCATE THIS OVERCURRENT DE¬ 
VICE 


705.14 Output Characteristics. The output of a generator 
or other electric power production source operating in par¬ 
allel with an electrical supply system shall be compatible 
with the voltage, wave shape, and frequency of the system 
to which it is connected. 

TnfoimationakNote: The term compatible does not neces¬ 
sarily mean matching the primary source wave shape. 

705.16 Interrupting and Short-Circuit Current Rating. 

Consideration shall be given to the contribution of fault 
rents from all interconnected power sources for the in¬ 
terrupting and short-CTrcuit current ratings of equipment on 
itcractive systems. 

705.20 Disconnecting Means, Sources. Means shall be 
provided to disconnect all ungrounded conductors of an 

power production source(s) from all other conduc¬ 
tors.' 

705.21 Disconnecting Means, Equipment. Means shall 
be provided to disconnect power production equipment, 
such as utility interactive inverters or transformers associ¬ 
ated with a power production source, from all ungrounded 
conductors of all sources of supply. Equipment intended to 
be operated and maintained as an integral part of a power 
production source exceeding 1000 volts shall not be re¬ 
quired to have a disconnecting means. 

705.22 Disconnect Device. The disconnecting means for 
ungrounded conductors shall consist of a manually or 
power operable switch(es) or circuit breaker(s) with the 
following features: 

(1) Located where readily accessible 

(2) Externally operable without exposing the operator to 
contact with live parts and, if power operable, of a type 
that could be opened by hand in the event of a power- 
supply failure 

(3) Plainly indicating whether in the open (off) or closed 
(on) position 

(4) Having ratings not less than the load to be carried and 
the fault current to be interrupted. For disconnect 
equipment energized from both sides, a marking shall 
be provided to indicate that all contacts of the discon¬ 
nect equipment might be energized. 
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Informational Note to (4): In parallel generation systems, some 
equipment, including knife blade switches and fuses, is likely 
to be energized from both directions. See 240.40. 

(5) Simultaneous disconnect of all ungrounded conductors 
of the circuit 

(6) Capable of being locked in the open (off) position 

705.30 Overcurrent Protection. Conductors shall be pro¬ 
tected in accordance with Article 240. Equipment and con¬ 
ductors connected to more than one electrical source shall 
have a sufficient number of overcurrent devices located so 
as to provide protection from all sources. 

(A) Solar Photovoltaic Systems. Solar photovoltaic sys¬ 
tems shall be protected in accordance with Article 690. 

(B) Transformers. Overcurrent protection for a trans¬ 
former with a source(s) on each side shall be provided in 
accordance with 450.3 by considering first one side of the 
transformer, then the other side of the transformer, as the 
primary. 

(C) Fuel Cell Systems. Fuel cell systems shall be pro¬ 
tected in accordance with Article 692. 

(D) Utility-Interactive Inverters. Utility-interactive in 
verters shall be protected in accordance with 705.65. 


(E) Generators. Generators shall be protectei 
dance with 705.130. 

705.31 Location of Overcurrent Protectio 

protection for electric power production source conductors, 
connected to the supply side of the^erwHj disconnecting 
means per 705.12(A), shall be located within 3m (10 ft)'of 
the point where the electric power production source con¬ 
ductors are connected to the service. [ROP 4-^ba] 

Informational Note: This overcurrent proteefron protects 
against short-circuit current supplied from the primary 
source(s) of electricity. [ROP 4-410a] 

Exception: Where the overcurrent protection for the power 
production source is located more than 3 m (10 ft) from the 
point of connection for the electric power production 
source to the service, cable limiters or current limited cir¬ 
cuit breakers for each ungrounded conductor shall be in¬ 
stalled at the point where the electric power production 
conductors are connected to the sendee. [ROP 4-410a] 

705.32 Ground-Fault Protection. Where ground-fault 
protection is used, the output of an interactive system shall 
be connected to the supply side of the ground-fault protec¬ 
tion. 

Exception: Connection shall be permitted to be made to 
the load side of ground-fault protection, provided that there 



is ground-fault protection for equipment from all ground- 
fault current sources. 

705.40 Loss of Primary Source. Upon loss of primary 
source, an electric power production source shall be auto¬ 
matically disconnected from all ungrounded conductors of 
the primary source and shall not be reconnected until the 
primary source is restored. 

Exception: A listed utility-interactive inverter shall be per¬ 
mitted to automatically cease exporting power upon loss of 
primary source and shall not be required to automatically 
disconnect all ungrounded conductors from the primary 
source. A listed utility-interactive inverter shall be permit¬ 
ted to automatically or manually resume exporting power 
to the utility once thjfprimary source is restored. 

InformationaTNote No. 1: Risks to personnel and equip¬ 
ment associated with the primary source could occur if an 
utility inferactive electjk power production source can op¬ 
erate jftan intentional island. Special detection methods are 
d to determine that a primary source supply system 
rred and whether there should be automatic 
When the primary source supply system is 
fecial detection methods can be required to limit 
expos'fflfpvof power production sources to out-of-phase 
reconnec 

nal Note No. 2: Induction-generating equip- 
ystems with significant capacitance can become 
excited upon loss of the primary source and experience 
severe overvoltage as a result. 

A utility-interactive inverter shall be permitted to oper¬ 
ate as a stand-alone system to supply loads that have been 
disconnected from electrical production and distribution 
network sources. 

705.42 Loss of 3-Phase Primary Source. A 3-phase elec¬ 
tric power production source shall be automatically discon¬ 
nected from all ungrounded conductors of the intercon¬ 
nected systems when one of the phases of that source 
opens. This requirement shall not be applicable to an elec¬ 
tric power production source providing power for an emer¬ 
gency or legally required standby system. 

Exception: A listed utility-interactive inverter shall be per¬ 
mitted to automatically cease exporting power when one of 
the phases of the source opens and shall not be required to 
automatically disconnect all ungrounded conductors from 
the primary source. A listed utility-interactive inverter shall 
be permitted to automatically or manually resume export¬ 
ing power to the utility once all phases of the source are 
restored. 

705.50 Grounding. Interconnected electric power produc¬ 
tion sources shall be grounded in accordance with Article 
250. 
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Exception: For direct-current systems connected through 
an inverter directly to a grounded service, other methods 
that accomplish equivalent system protection and that uti¬ 
lize equipment listed and identified for the use shall be 
permitted. 

II. Utility-Interactive Inverters 


rent protection from all sources is provided for conductors 
and modules. 

(B) Power Transformers. Overcurrent protection for a 
transformer with a source(s) on each side shall be provided 
in accordance with 450.3 by considering first one side of 
the transformer, then the other side of the transformer, as 
the primary. 


705.60 Circuit Sizing and Current. 

(A) Calculation of Maximum Circuit Current. The 

maximum current for the specific circuit shall be calculated 
in accordance with 705.60 (A)(1) and (A)(2). 

(1) Inverter Input Circuit Currents. The maximum cur¬ 
rent shall be the maximum rated input current of the in¬ 
verter. [ROP 4-412] 

(2) Inverter Output Circuit Current. The maximum cur¬ 
rent shall be the inverter continuous output current rating. 

(B) Ampacity and Overcurrent Device Ratings. Inverter 
system currents shall be considered to be continuous. The 
circuit conductors and overcurrent devices shall be sized to 
carry not less than 125 percent of the maximum currents as 
calculated in 705.60(A). The rating or setting of ovm 
rent devices shall be permitted in accordance with 24 
and (C). 

Exception: Circuits containing an assembly 
its overcurrent device(s) that is listed for continuous operM 
tion at 100 percent of its rating shcJ^^e permitted to 
utilized at 100 percent of its rating. 

705.65 Overcurrent Protei 

(A) Circuits and Equi 

verter output circuits, an* 
and equipment shall be pri 
requirements of Article 240 



Invert(ff^iiiput circuits, in- 
rcuit conductors 
Jrdance with the 
Ibnnected to more 


than one electrical source shall have overcurrent devices 
located so as to provide overcurrent protection from all 
sources. 

Exception: An overcurrent device shall not be required for 
circuit conductors sized in accordance with 705.60(B) and 
located where one of the following applies: 

(1) There are no external sources such as parallel- 
connected source circuits, batteries, or backfeed from 
inverters. 


Exception: A power transformer with a current rating on 
the side connected toward the utility-interactive inverter 
output that is not less than the rated continuous output 
current of the inverter shall be permitted without overcur¬ 
rent protection from that source. 

705.70 Utility-Interactive Inverters Mounted in Not- 
Readily-Accessible Uocations. Utility-interactive inverters 
shall be permitted to be mounted on roofs or other exterior 
areas lhat are not readily accessible. These installations 
shqU romply withal) through (4): 

A direct-current disconnecting means shall be mounted 
witMn sight of (Wn the inverter. 

alternating-current disconnecting means shall be 
ounted within sight of or in the inverter, 
additional alternating-current disconnecting means 
fdWie inverter shall comply with 705.22. 

plaque shall be installed in accordance with 705.10. 

705.80 Utility-Interactive Power Systems Employing 
Energy Storage. Utility-interactive power systems em¬ 
ploying energy storage shall also be marked with the maxi¬ 
mum operating voltage, including any equalization voltage, 
and the polarity of the grounded circuit conductor. 

705.82 Hybrid Systems. Hybrid systems shall be permit¬ 
ted to be interconnected with utility-interactive inverters. 

705.95 Ampacity of Neutral Conductor. The ampacity of 
the neutral conductors shall comply with either (A) or (B). 

(A) Neutral Conductor for Single Phase, 2-Wire In¬ 
verter Output. If a single-phase, 2-wire inverter output is 
connected to the neutral and one ungrounded conductor 
(only) of a 3-wire system or of a 3-phase, 4-wire, wye- 
connected system, the maximum load connected between 
the neutral and any one ungrounded conductor plus the 
inverter output rating shall not exceed the ampacity of the 
neutral conductor. 


(2) The short-circuit currents from all sources do not ex¬ 
ceed the ampacity of the conductors. 

Informational Note: Possible backfeed of current from any 
source of supply, including a supply through an inverter 
into the inverter output circuit and inverter source circuits, 
is a consideration in determining whether adequate overcur¬ 


(B) Neutral Conductor for Instrumentation, Voltage 
Detection or Phase Detection. A conductor used solely for 
instrumentation, voltage detection, or phase detection and 
connected to a single-phase or 3-phase utility-interactive 
inverter, shall be permitted to be sized at less than the 
ampacity of the other current-carrying conductors and shall 
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be sized equal to or larger than the equipment grounding 
conductor. 

705.100 Unbalanced Interconnections. 

(A) Single Phase. Single-phase inverters for hybrid sys¬ 
tems and ac modules in interactive hybrid systems shall not 
be connected to 3-phase power systems unless the intercon¬ 
nected system is designed so that significant unbalanced 
voltages cannot result. 

(B) Three Phase. Three-phase inverters and 3-phase ac 
modules in interactive systems shall have all phases auto¬ 
matically de-energized upon loss of, or unbalanced, voltage 
in one or more phases unless the interconnected system is 
designed so that significant unbalanced voltages will not 
result. 

III. Generators 

705.130 Overcurrent Protection. Conductors shall be 
protected in accordance with Article 240. Equipment and 
conductors connected to more than one electrical source 
shall have overcurrent devices located so as to provide pro¬ 
tection from all sources. Generators shall be protected in 
accordance with 445.12. 

705.143 Synchronous Generators. Synchronous genera¬ 
tors in a parallel system shall be provided withaprTTSBss- 
sary equipment to establish and maintain ^Synchronous 
condition. 



Informational Note: Text that is followed by a reference in 
brackets has been extracted from NFPA 1600- 2010, Stan¬ 
dard on Disaster/Emergency Management and Business 
Continuity Programs. Only editorial changes were made to 
the extracted text to make it consistent with this Code. 

I. General 

708.1 Scope. The provisions of this article apply to the 
installation, operation, monitoring, control, and mainte¬ 
nance of the portions of the premises wiring system in¬ 
tended to supply, distribute, and control electricity to des¬ 
ignated critical operations areas (DCOA) in the event of 
disruption to elements of the normal system. 

Critical operations power systems are those systems so 
classed by municipal, state, federal, or other codes by any 


governmental agency having jurisdiction or by facility en¬ 
gineering documentation establishing the necessity for such 
a system. These systems include but are not limited to 
power systems, HVAC, fire alarm, security, communica¬ 
tions, and signaling for designated critical operations areas. 

Informational Note No. 1: Critical operations power sys¬ 
tems are generally installed in vital infrastructure facilities 
that, if destroyed or incapacitated, would disrupt national 
security, the economy, public health or safety; and where 
enhanced electrical infrastructure for continuity of opera¬ 
tion has been deemed necessary by governmental authority. 

Informational Note No. 2: For further information on di¬ 
saster and emergency management, see NFPA 1600- 2013, 
Standard on Disaster/Emergency Management and Busi¬ 
ness Continuity Programs. [ROP 13-154] 

Informational Note^fe- 3: For further information regard¬ 
ing performance of emergency and standby power systems, 
see NFPA 110-2013, Standard for Emergency and Standby 
Power Systems. [ROP 13-154] 


Informational Note No. 8: See Informative Annex F, 
Availability and Reliability for Critical Operations Power 
Systems; and Development and Implementation of Func¬ 
tional Performance Tests (FPTs) for Critical Operations 
Power Systems. 

Informational Note No. 9: See Informative Annex G, Su¬ 
pervisory Control and Data Acquisition (SCADA). 

708.2 Definitions. 

Commissioning. The acceptance testing, integrated system 
testing, operational tune-up, and start-up testing is the pro¬ 
cess by which baseline test results verify the proper opera¬ 
tion and sequence of operation of electrical equipment, in 
addition to developing baseline criteria by which future 
trend analysis can identify equipment deterioration. 

Critical Operations Power Systems (COPS). Power sys¬ 
tems for facilities or parts of facilities that require continu¬ 
ous operation for the reasons of public safety, emergency 
management, national security, or business continuity. 

Informational Note: See Informational Note Figure 708.2 

[ROP 13-156] 





For further information regard- 
ance of emergency systems in 
see^fFPA 99-2012, Standard for 
'acilities. [ROP 13-154] 


nal Note 
^rmance and m; 
care facilities 
Care 

Informational Note No. 5: For specification of locations 
where emergency lighting is considered essential to life 
safety, see NFPA 101- 2012, Life Safety Code , or the appli- 

buildmg’code. [ROP 13-154' ROP 13-154a] 


nal Note No. 6: For further information regard¬ 
ing physical security, see NFPA 730-2011, Guide for Pre¬ 
mises Security. [ROP 13-154] 

nformational Note No. 7: Threats to facilities that may 
require transfer of operation to the critical systems include 
both naturally occurring hazards and human-caused events. 
See also A.5.3.2 of NFPA 1600- 2013. [ROP 13-154] 
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708.8 


Normal 

system 


Normal power 
source 


Nonessential 

loads 


T 


Automatic 

switching 

equipment 


Alternate power 
source 


Critical operations 
power loads 


Critical operations power system 

Informational Note Figure 708.2 Critical Operations Power 
Systems (COPS). [ROP 13-156] 

Designated Critical Operations Areas (DCOA). Areas 
within a facility or site designated as requiring critical op¬ 
erations power. 

Supervisory Control and Data Acquisition (SC 

An electronic system that provides monitoring and o 
for the operation of the critical operations power system 
This can include the fire alarm system, security sys 
control of the HVAC, the start/stop/monitoring of 
power supplies and electrical distribution&ystem, annuuci 
tion and communications equipment to emerge 
nel, facility occupants, and remote operator^, 

708.4 Risk Assessment. Risk ass^^git for critical op¬ 
erations power systems, shall be documented and shall be 
conducted in accordancewith 708.4(A) trough (C). 


Informational Note: Chapter s ^bf/VF^^^00-2010, Stan¬ 
dard on Disaster/Emergency Management and Business 
Continuity Programs, provides additional guidance con¬ 
cerning risk assessment and hazard analysis. 

(A) Conducting Risk Assessment. In critical operations 
power systems, risk assessment shall be performed to iden¬ 
tify hazards, the likelihood of their occurrence, and the 
vulnerability of the electrical system to those hazards. 

(B) Identification of Hazards. Hazards to be considered 
at a minimum shall include, but shall not be limited to, the 
following: 

(1) Naturally occurring hazards (geological, meteorologi¬ 
cal, and biological) 

(2) Human-caused events (accidental and intentional) 

[1600:5.3.2] 

(C) Developing Mitigation Strategy. Based on the results 
of the risk assessment, a strategy shall be developed and 


implemented to mitigate the hazards that have not been 
sufficiently mitigated by the prescriptive requirements of 
this Code. 

708.5 Physical Security. Physical security shall be pro¬ 
vided for critical operations power systems in accordance 
with 708.5(A) and (B). 

(A) Risk Assessment. Based on the results of the risk as¬ 
sessment, a strategy for providing physical security for 
critical operations power systems shall be developed, docu¬ 
mented, and implemented. 

(B) Restricted Access. Electrical circuits and equipment 
for critical operations power systems shall be accessible to 
qualified personnel only. 


708.6 


and Maintenance. 



(A) GdnducPor VVitness Test. The authority having juris- 
on shall conduct, or witness a test of the complete sys- 
installation and periodically afterward. 

sted Periodically. Systems shall be tested periodi- 
on a schedule acceptable to the authority having ju- 
nsdlBkm to ensure the systems are maintained in proper 
erating condition. 

aintenance. The authority having jurisdiction shall 
require a documented preventive maintenance program for 
critical operations power systems. 

Informational Note: For information concerning mainte¬ 
nance, see NFPA 70B-2010, Recommended Practice for 
Electrical Equipment Maintenance. [ROP 13-154a] 

(D) Written Record. A written record shall be kept of 
such tests and maintenance. 

(E) Testing Under Load. Means for testing all critical 
power systems during maximum anticipated load condi¬ 
tions shall be provided. 

Informational Note: For information converning testing 
and maintenance of emergency power supply systems 
(EPSSs) that are also applicable to COPS, see NFPA 110- 
2010, Standard for Emergency and Standby Power Systems. 

[ROP 13-154a] 

708.8 Commissioning. 

(A) Commissioning Plan. A commissioning plan shall be 
developed and documented. 

Informational Note: For further information on developing 
a commissioning program see NFPA 70B-2010, Recom¬ 
mended Practice for Electrical Equipment Maintenance. 

(B) Component and System Tests. The installation of the 
equipment shall undergo component and system tests to 
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ensure that, when energized, the system will function prop¬ 
erly. 

(C) Baseline Test Results. A set of baseline test results 
shall be documented for comparison with future periodic 
maintenance testing to identify equipment deterioration. 

(D) Functional Performance Tests. A functional perfor¬ 
mance test program shall be established, documented, and 
executed upon complete installation of the critical system 
in order to establish a baseline reference for future perfor¬ 
mance requirements. 

Informational Note: See Informative Annex F for more 
information on developing and implementing a functional 
performance test program. 

II. Circuit Wiring and Equipment 
708.10 Feeder and Branch Circuit Wiring. 

(A) Identification. 

(1) Boxes and Enclosures. In a building or at a structure 
where a critical operations power system and any other 
type of power system is present, all boxes and enclosures 
(including transfer switches, generators, and power panels) 
for critical operations power system circuits shall be per¬ 
manently marked so they will be readily identified as a 
component of the critical operations power system. |R()P 
13-159] 

(2) Receptacle Identification. In a bui 

COPS are present with other types of powe' 
scribed in other sections in this artid®£ 
the receptacles or the re c c p t ac 1 e s, them s e I vc! 
the COPS shall have a distinctive.color or ma: 
be readily identifiable. 

Exception: If the COPS supplies power Jo a DC < M that is 
a stand-alone building, receptacle com - plfftes or the re¬ 
ceptacles themselves shall not be required to have distinc¬ 
tive marking. 



age. Wiring methods shall be permitted to be installed in 
accordance with the following: 

(1) Rigid metal conduit, intermediate metal conduit, or 
Type MI cable. 

(2) Where encased in not less than 50 mm (2 in.) of con¬ 
crete, any of the following wiring methods shall be 
permitted: 

a. Schedule 40 or Schedule 80 rigid polyvinyl chloride 
conduit (Type PVC) 

b. Reinforced thermosetting resin conduit (Type 
RTRC) 

c. Electrical metallic tubing (Type EMT) 

d. Flexible nonmetallic or jacketed metallic raceways 

e. Jacketed metallic cable assemblies listed for instal¬ 
lation in concrete 

(3) Where provisions must be made for flexibility at equip¬ 
ment connection, one or more of the following shall 
also be permitted: 

xible metal fifties 

lexible metal conduit with listed fittings 
Liquidtight flexible metal conduit with listed fittings 

(2) Fire Protection for Feeders. Feeders shall meet one of 
following conditions: 

electrical circuit protective system with a 
2-hour fire rating 


Informational Note: UL guide information for electrical 
circuit protection systems (FHIT) contains information on 
proper installation requirements to maintain the fire rating. 

(2) Be protected by a listed fire-rated assembly consisting 
of gypsum wallboard, concrete, or other material that 
has a minimum fire rating of 2 hours [ROP 13-167] 


(3) Floodplain Protection. Where COPS feeders are in¬ 
stalled below the level of the 100-year floodplain, the insu¬ 
lated circuit conductors shall be listed for use in a wet 
location and be installed in a wiring method that is permit¬ 
ted for use in wet locations. 


(B) Wiring. Wiring of two or more COPS circuits supplied 
from the same source shall be permitted in the same race¬ 
way, cable, box, or cabinet. Wiring from a COPS source or 
COPS source distribution overcurrent protection to critical 
loads shall be kept entirely independent of all other wiring 
and equipment. 

Exception: Where the COPS feeder is installed in transfer 
equipment enclosures. 

(C) COPS Feeder Wiring Requirements. COPS feeders 
shall comply with 708.10(C)(1) through (C)(3). 

(1) Protection Against Physical Damage. The wiring of 
the COPS system shall be protected against physical dam¬ 


(D) COPS Branch Circuit Wiring. 

(a) Outside the DCOA. COPS branch circuits installed 
outside the DCOA shall comply with the physical and fire 
protection requirements of 708.10(C)(1) through (C)(3). 

(b) Within the DCOA. Any of the wiring methods rec¬ 
ognized in Chapter 3 of this Code shall be permitted within 
the DCOA. 

708.11 Branch Circuit and Feeder Distribution Equip¬ 
ment. 

(A) Branch Circuit Distribution Equipment. COPS 
branch circuit distribution equipment shall be located 
within the same DCOA as the branch circuits it supplies. 
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708.20 


(B) Feeder Distribution Equipment. Equipment for 
COPS feeder circuits (including transfer equipment, trans¬ 
formers, and panelboards) shall comply with (1) and (2). 

(1) Be located in spaces with a 2-hour fire resistance rating 

(2) Be located above the 100-year floodplain. 


the time required for the application. The supply system for 
critical operations power, in addition to the normal services 
to the building and meeting the general requirements of this 
section, shall be one or more of the types of systems de¬ 
scribed in 708.20(E) through (H). 


708.12 Feeders and Branch Circuits Supplied by 
COPS. Feeders and branch circuits supplied by the COPS 
shall supply only equipment specified as required for criti¬ 
cal operations use. 

708.14 Wiring of HVAC, Fire Alarm, Security, Emer¬ 
gency Communications, and Signaling Systems. All con¬ 
ductors or cables shall be installed using any of the metal 
wiring methods permitted by 708.10(C)(1) and, in addition, 
shall comply with 708.14(1) through (8), as applicable. 

(1) All cables for fire alarm, security, signaling systems, 
and emergency communications shall be shielded 
twisted pair cables or installed to comply with the per¬ 
formance requirements of the system. [ROP 13-170] 

(2) Shields of cables for fire alarm, security, signaling sys¬ 
tems, and emergency communications shall be ar¬ 
ranged in accordance with manufacturers published in¬ 
stallation instructions. [ROP 13-170] 

(3) Optical fiber cables shall be used for connectioi 
tween two or more buildings on the property and 
single management. 

(4) A listed primary protector shall be 
munications circuits. Listed secondary 
be provided at the terminals of 
circuits. 

(5) Conductors for all comypjFcircu 
shall be rated not less than 600 vo 

(6) Communications, fir^kiarm, and signaling circuits 
shall use relays with contact ratings that exceed circuit 
voltage and current ratings in the controlled circuit. 

(7) All cables for fire alarm, security, and signaling sys¬ 
tems shall be riser-rated and shall be a listed 2-hour 
electrical circuit protective system. Emergency com¬ 
munication cables shall be Type CMR-CI or shall be 
riser-rated and a listed 2-hour electrical circuit protec¬ 
tive system. [ROP 13-171] 

(8) Control, monitoring, and power wiring to HVAC sys¬ 
tems shall be a listed 2-hour electrical circuit protective 
system. 

III. Power Sources and Connection 




e 50 volts 


Informational Note: Assignment of degree of reliability of 
the recognized critical operations power system depends on 
the careful evaluation in accordance with the risk 
assessment. 

(B) Fire Protection. Where located within a building, 
equipment for sources of power as described in 708.20(E) 
through (H) shall be installed either in spaces fully pro¬ 
tected by approved automatic fire suppression systems 
(sprinklers, carbon dioxide systems, and so forth) or in 
spaces with a 2-hour fire rating. 

(C) Grounding. All sources of power shall be grounded as 
a scp'afhtely derived source in accordance with 250.30. 

teption: Where., fhe equipment containing the mam 

•onding jumper or system bonding jumper for the normal 
urce and the feeder wiring to the transfer equipment are 
'tailed in accordance with 708.10(C) and 708.11(B). 

e Protection Devices. Surge protection devices 
ie provided at all facility distribution voltage levels. 

(E) Storage Battery. An automatic battery charging 
means shall be provided. Batteries shall be compatible with 
the charger for that particular installation. For a sealed bat¬ 
tery, the container shall not be required to be transparent. 
However, for the lead acid battery that requires water addi¬ 
tions, transparent or translucent containers shall be fur¬ 
nished. Automotive-type batteries shall not be used. [ROP 
13-27] 

(F) Generator Set. 

(1) Prime Mover-Driven. Generator sets driven by a 
prime mover shall be provided with means for automati¬ 
cally starting the prime mover on failure of the normal 
service. A time-delay feature permitting a minimum 15- 
minute setting shall be provided to avoid retransfer in case 
of short-time reestablishment of the normal source. 

(2) Power for fuel transfer pumps. Where power is 
needed for the operation of the fuel transfer pumps to de¬ 
liver fuel to a generator set day tank, this pump shall be 
connected to the COPS. 


708.20 Sources of Power. 

(A) General Requirements. Current supply shall be such 
that, in the event of failure of the normal supply to the 
DCOA, critical operations power shall be available within 


(3) Dual Supplies. Prime movers shall not be solely de¬ 
pendent on a public utility gas system for their fuel supply 
or municipal water supply for their cooling systems. Means 
shall be provided for automatically transferring from one 
fuel supply to another where dual fuel supplies are used. 
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(4) Battery Power and Dampers. Where a storage battery 
is used for control or signal power or as the means of 
starting the prime mover, it shall be suitable for the purpose 
and shall be equipped with an automatic charging means 
independent of the generator set. Where the battery charger 
is required for the operation of the generator set, it shall be 
connected to the COPS. Where power is required for the 
operation of dampers used to ventilate the generator set, the 
dampers shall be connected to the COPS. 


708.22 Capacity of Power Sources. 

(A) Capacity and Rating. A COPS shall have capacity 
and rating for all loads to be operated simultaneously for 
continuous operation with variable load for an unlimited 
number of hours, except for required maintenance of the 
power source. A portable, temporary, or redundant alternate 
power source shall be available for use whenever the COPS 
power source is out of service for maintenance or repair. 


(5) Outdoor Generator Sets. 

(a) Permanently Installed Generators and Portable 
Generators Greater than 15KW. Where an outdoor housed 
generator set is equipped with a readily accessible discon¬ 
necting means in accordance with 445.18, and the discon¬ 
necting means is located within sight of the building or 
structure supplied, an additional disconnecting means shall 
not be required where ungrounded conductors serve or pass 
through the building or structure. Where the generator sup¬ 
ply conductors terminate at a disconnecting means in or on 
a building or structure, the disconnecting means shall meet 
the requirements of 225.36. [ROP 13-172a] 

(b) Portable Generators 15 KW or Less. Where a por¬ 
table generator, rated 15 KW or less, is installed using a 
flanged inlet or other cord and plug type connection, a' 
disconnecting means shall not be required where un¬ 
grounded conductors serve or pass through a building or 
structure. [ROP 13-172a] 

(6) Mean for Connecting Portable or Vehicle-Moi d 
Generator. Where the COPS is supplied by a sin: 
erator, a means to connect a portable or vehicle-r mted 
generator shall be provided. 

(7) On-Site Fuel Supply. Where internal combustiorVen- 
gines are used as the prime moveiwan on-site fuel supply 
shall be provided. The on-site fuel supply shadpe secured 
and protected in accordance with the risk\a§sessment. 

(G) Uninterruptible Power Supplies. Uninterruptible 
power supplies used as the sole source of power for COPS 
shall comply with the applicable provisions of 708.20(E) 
and (F). 

(H) Fuel Cell System. Installation of a fuel cell system 
shall meet the requirements of Parts II through VIII of 
Article 692. 

708.21 Ventilation. Adequate ventilation shall be provided 
for the alternate power source for continued operation un¬ 
der maximum anticipated ambient temperatures. 


(B) Selective Load Pickup, Load Shedding, and Peak 
Load Shaving. The alternate power source shall be permit¬ 
ted to supply COPS emergency, legally required standby, 
and optional loads where the source has adequate capacity 
or where automatic selective load pickup and load shedding 
is provided as needed to ensure adequate power to (1) the 
COPS and emerg e$mr circuits, (2) the legally required 
standby circuit^pnd (3) the optional standby circuits, in 
that order of priority./The alternate power source shall be 
permitted to ne used for peak load shaving, provided these 
conditions'are met. 

load-shaving operation shall be permitted for sat¬ 
isfy! the test requirement of 708.6(B), provided all other 
cond ons of 708.6 are met. 




of COPS Operation. The alternate power 
"capable of operating the COPS for a mini- 
ours at full load of DCOA with a steady-state 
within ±10 percent of nominal utilization voltage. 

.24 Transfer Equipment. 

A) General. Transfer equipment, including automatic 
transfer switches, shall be automatic and identified for 
emergency use. Transfer equipment shall be designed and 
installed to prevent the inadvertent interconnection of nor¬ 
mal and critical operations sources of supply in any opera¬ 
tion of the transfer equipment. Transfer equipment and 
electric power production systems installed to permit op¬ 
eration in parallel with the normal source shall meet the 
requirements of Article 705 . 

(B) Bypass Isolation Switches. Means shall be permitted 
to bypass and isolate the transfer equipment. Where bypass 
isolation switches are used, inadvertent parallel operation 
shall be avoided. 

(C) Automatic Transfer Switches. Where used with 
sources that are not inherently synchronized, automatic 
transfer switches shall comply with (C)(1) and (C)(2). 

(1) Automatic transfer switches shall be listed for emer¬ 
gency use. 


Informational Note: NFPA 110-2010, Standard for Emer¬ 
gency and Standby Power Systems , and NFPA 111-2010, 
Standard for Stored Energy Emergency and Standby Power 
Systems , include additional information on ventilation air 
for combustion and cooling. 


(2) Automatic transfer switches shall be electrically oper¬ 
ated and mechanically held. 

(D) Use. Transfer equipment shall supply only COPS 
loads. 
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708.30 Branch Circuits Supplied by COPS. Branch cir¬ 
cuits supplied by the COPS shall only supply equipment 
specified as required for critical operations use. 

IV. Overcurrent Protection 

708.50 Accessibility. The feeder- and branch-circuit over¬ 
current devices shall be accessible to authorized persons 
only. 

708.52 Ground-Fault Protection of Equipment. 

(A) Applicability. The requirements of 708.52 shall apply 
to critical operations (including multiple occupancy build¬ 
ings) with critical operation areas. 

(B) Feeders. Where ground-fault protection is provided 
for operation of the service disconnecting means or feeder 
disconnecting means as specified by 230.95 or 215.10, an 
additional step of ground-fault protection shall be provided 
in all next level feeder disconnecting means downstream 
toward the load. Such protection shall consist of overcur¬ 
rent devices and current transformers or other equivalent 
protective equipment that causes the feeder disconnecting 
means to open. 

The additional levels of ground-fault protectio 
not be installed on electrical systems that are not 
grounded wye systems with greater than 150 vol 
ground but not exceeding 1000 volts phase-jtgflghase. [ 

13-174] 

(C) Testing. When equipment gro 
first installed, each level shall be 
ground-fault protection is opei 


Informational Note: Te, 
ground-fault function i 
is not intended to verify 
often coordinated similarly 
time and current curves and 
(Selectivity of fuses and circuit 
tested for overload and short circuii 



tdVwttify the 
rforniance test 
(D), as this is 
by reviewing 
the equipment, 
s not performance 
13-154a] 


(D) Selectivity. Ground-fault protection for operation of 
the service and feeder disconnecting means shall be fully 
selective such that the feeder device, but not the service 
device, shall open on ground faults on the load side of the 
feeder device. Separation of ground-fault protection time- 
current characteristics shall conform to manufacturer’s rec¬ 
ommendations and shall consider all required tolerances 
and disconnect operating time to achieve 100 percent selec¬ 
tivity. [ROP 13-175] 

Informational Note: See 230.95, Informational Note No. 

4, for transfer of alternate source where ground-fault pro¬ 
tection is applied. 

708.54 Coordination. Critical operations power system(s) 
overcurrent devices shall be selectively coordinated with all 
supply side overcurrent protective devices. 


Exception: Selective coordination shall not be required 
between two overcurrent devices located in series if no 
loads are connected in parallel with the downstream de¬ 
vice. [ROP 13-177, ROP 13-178] 

V. System Performance and Analysis 

708.64 Emergency Operations Plan. A facility with a 
COPS shall have documented an emergency operations 
plan. The plan shall consider emergency operations and 
response, recovery, and continuity of operations. 

Informational Note: NFPA 1600- 2010, Standard on 
Disaster/Emergency Management and Business Continuity 
Programs, Section 5.7, provides guidance for the develop¬ 
ment and implementation of emergency plans. 




TICLE 720 

uits and Equipment Operating at 
Less Than 50 Volts 



20.1r>cope. This article covers installations operating at 
an 50 volts, direct current or alternating current. 


720.2 Other Articles. Direct current or alternating-current 
installations operating at less than 50 volts, as covered in 

411.1 through 411.7; Part VI of Article 517; Part II of 
Article 551; Parts II and III and 552.60(B) of Article 552; 

650.1 through 650.8; 669.1 through 669.9; Parts I and VIII 
of Article 690; Parts I and III of Article 725; or Parts I and 
III of Article 760 shall not be required to comply with this 
article. 

720.3 Hazardous (Classified) Locations. Installations 
within the scope of this article and installed in hazardous 
(classified) locations shall also comply with the appropriate 
provisions for hazardous (classified) locations in other ap¬ 
plicable articles of this Code. 

720.4 Conductors. Conductors shall not be smaller than 
12 AWG copper or equivalent. Conductors for appliance 
branch circuits supplying more than one appliance or appli¬ 
ance receptacle shall not be smaller than 10 AWG copper or 
equivalent. 

720.5 Lampholders. Standard lampholders that have a rat¬ 
ing of not less than 660 watts shall be used. 

720.6 Receptacle Rating. Receptacles shall have a rating 
of not less than 15 amperes. 
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720.7 Receptacles Required. Receptacles of not less than 
20-ampere rating shall be provided in kitchens, laundries, 
and other locations where portable appliances are likely to 
be used. 

720.9 Batteries. Installations of storage batteries shall 
comply with 480.1 through 480.5 and 480.8 through 
480.10. 


Informational Note: See 725.41 for voltage and power 
limitations of Class 1 circuits. 

Class 2 Circuit. The portion of the wiring system between 
the load side of a Class 2 power source and the connected 
equipment. Due to its power limitations, a Class 2 circuit 
considers safety from a fire initiation standpoint and pro¬ 
vides acceptable protection from electric shock. 


720.11 Mechanical Execution of Work. Circuits operat¬ 
ing at less than 50 volts shall be installed in a neat and 
workmanlike manner. Cables shall be supported by the 
building structure in such a manner that the cable will not 
be damaged by normal building use. 


Class 3 Circuit. The portion of the wiring system between 
the load side of a Class 3 power source and the connected 
equipment. Due to its power limitations, a Class 3 circuit 
considers safety from a fire initiation standpoint. Since 
higher levels of voltage and current than for Class 2 are 
permitted, additional safeguards are specified to provide 
protection from an electric shock hazard that could be en¬ 
countered. 


ARTICLE 725 
Class 1, Class 2, and Class 3 
Remote-Control, Signaling, and 
Power-Limited Circuits 


I. General 

725.1 Scope. This article covers remote-control, signaling, 
and power-limited circuits that are not an integral part of a 
device or appliance. 

Informational Note: The circuits described heren 
characterized by usage and electrical power limitatio: 
differentiate them from electric light jijid.jrower circ s; 
therefore, alternative requirements .to those of ChafiS 1 
through 4 are given with regard to minimum wre s: 
ampacity adjustment and coii^Kon factors, overeurre: 
protection, insulation requiremMts, and wiringlmethods 
and materials. 

725.2 Definitions. 



725.3 Other Articles. Circuits and equipment shall com¬ 
ply with thewticles or sections listed in 725.3(A) through 
(J). Only those sections of Article 300 referenced in this 
article mall apply to Class^^Class 2, and Class 3 circuits. 

and Size of Conductors in Raceway. Sec- 


ire or Products of Combustion. Installa- 
1, Class 2, and Class 3 circuits shall comply 


Ducts, Plenums, and Other Air-Handling Spaces. 

ass 1, Class 2, and Class 3 circuits installed in ducts, 
plenums, or other space used for environmental air shall 
comply with 300.22. 

Exception: A.? permitted in 725.154(A). 

(D) Hazardous (Classified) Locations. Articles 500 
through 516 and Article 517, Part IV, where installed in 
hazardous (classified) locations. 


Abandoned Class 2, Class 3, and PLTC Cable. Installed 
Class 2, Class 3, and PLTC cable that is not terminated at 
equipment and not identified for future use with a tag. 

Cable Routing Assembly. A single channel or connected 
multiple channels, as well as associated fittings, forming a 
structural system that is used to support and route conduc¬ 
tors and cables. [ROP 3-118] 

Circuit Integrity (Cl) Cable. Cable(s) used for remote- 
control, signaling, or power-limited systems that supply 
critical circuits to ensure survivability for continued circuit 
operation for a specified time under fire conditions. 

Class 1 Circuit. The portion of the wiring system between 
the load side of the overcurrent device or power-limited 
supply and the connected equipment. 


(E) Cable Trays. Article 392, where installed in cable tray. 

(F) Motor Control Circuits. Article 430, Part VI, where 
tapped from the load side of the motor branch-circuit pro¬ 
tective device(s) as specified in 430.72(A). 

(G) Instrumentation Tray Cable. See Article 727. 

(H) Raceways Exposed to Different Temperatures. In¬ 
stallations shall comply with 300.7(A). 

(I) Vertical Support for Fire-Rated Cables and Conduc¬ 
tors. Vertical installations of circuit integrity (Cl) cables 
and conductors installed in a raceway or conductors and 
cables of electrical circuit protective systems shall be in¬ 
stalled in accordance with 300.19. 
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(J) Bushing. A bushing shall be installed where cables 
emerge from raceway used for mechanical support or pro¬ 
tection in accordance with 300.15(C). 

(K) Installation of Conductors with Other Systems. In¬ 
stallations shall comply with 300.8. [ROP 3-122a] 

(L) Corrosive, Damp, or Wet Locations. Sections 
110.11, 300.5(B), 300.6, 300.9, and 310.10(G) where in¬ 
stalled in corrosive, damp, or wet locations. [ROP 13- 
122a] 


electrical metallic tubing, Type MI cable. Type MC cable, 
or be otherwise suitably protected from physical damage. 

725.35 Class 1, Class 2, and Class 3 Circuit Require¬ 
ments. A remote-control, signaling, or power-limited cir¬ 
cuit shall comply with the following parts of this article: 

(1) Class 1 Circuits: Parts I and II 

(2) Class 2 and Class 3 Circuits: Parts I and III 

II. Class 1 Circuits 


725.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of wires and cables 
that prevents removal of panels, including suspended ceil¬ 
ing panels. 

725.24 Mechanical Execution of Work. Class 1, Class 2, 
and Class 3 circuits shall be installed in a neat and work¬ 
manlike manner. Cables and conductors installed exposed 
on the surface of ceilings and sidewalls shall be supported 
by the building structure in such a manner that the cable 
will not be damaged by normal building use. Such cables 
shall be supported by straps, staples, hangers, cable 
similar fittings designed and installed so as not to d; 
the cable. The installation shall also comply with 300 


725.25 Abandoned Cables. The 

abandoned Class 2, Class 3, and P 
moved. Where cables are identified 
tag, the tag shall be of sufficien 
environment involved. 


725.30 Class 1, Class 2, and Cl Circuit Identifica¬ 
tion. Class 1, Class 2, and Class M shall be identi¬ 

fied at terminal and junction lo< | in a manner that 
prevents unintentional interferenc other circuits dur¬ 

ing testing and servicing. 

725.31 Safety-Control Equipment. 

(A) Remote-Control Circuits. Remote-control circuits for 
safety-control equipment shall be classified as Class 1 if the 
failure of the equipment to operate introduces a direct fire 
or life hazard. Room thermostats, water temperature regu¬ 
lating devices, and similar controls used in conjunction 
with electrically controlled household heating and air con¬ 
ditioning shall not be considered safety-control equipment. 

(B) Physical Protection. Where damage to remote-control 
circuits of safety-control equipment would introduce a haz¬ 
ard, as covered in 725.31(A), all conductors of such 
remote-control circuits shall be installed in rigid metal con¬ 
duit, intermediate metal conduit, rigid nonmetallic conduit, 




725.41 Class 1 Circuit Classifications and Power Source 
Requirements. Class 1 circuits shall be classified as either 
Class 1 power-limited circuits where they comply with the 
power limitations of 725.41(A) or as Class 1 remote- 
control and signaling circuits where they are used for 
remote-contiiol or signaling purposes and comply with the 
powetfjphitktions of 725.41(B). 

Class 1 Pov^er-sLimited Circuits. These circuits shall 
jed from a^eurce that has a rated output of not 
30 volts and 1000 volt-amperes. 




lass 1 Transformers. Transformers used to supply 
power-limited Class 1 circuits shall comply with the appli- 
ble s^tions within Parts I and II of Article 450. 


ther Class 1 Power Sources. Power sources other 
than transformers shall be protected by overcurrent devices 
rated at not more than 167 percent of the volt-ampere rating 
of the source divided by the rated voltage. The overcurrent 
devices shall not be interchangeable with overcurrent de¬ 
vices of higher ratings. The overcurrent device shall be 
permitted to be an integral part of the power supply. 

To comply with the 1000 volt-ampere limitation of 
725.41(A), the maximum output (VA max ) of power sources 
other than transformers shall be limited to 2500 volt- 
amperes, and the product of the maximum current (/ max ) 
and maximum voltage (V max ) shall not exceed 10,000 volt- 
amperes. These ratings shall be determined with any 
overcurrent-protective device bypassed. 

E4 max is the maximum volt-ampere output after one 
minute of operation regardless of load and with overcurrent 
protection bypassed, if used. Current-limiting impedance 
shall not be bypassed when determining E4 max . 

/ max is the maximum output current under any nonca- 
pacitive load, including short circuit, and with overcurrent 
protection bypassed, if used. Current-limiting impedance 
should not be bypassed when determining 7 max . Where a 
current-limiting impedance, listed for the purpose or as part 
of a listed product, is used in combination with a stored 
energy source, for example, storage battery, to limit the 
output current, 7 max limits apply after 5 seconds. 

R max is the maximum output voltage regardless of load 
with rated input applied. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-681 



725.43 ARTICLE 725 — CLASS 1, CLASS 2, AND CLASS 3 REMOTE-CONTROL, SIGNALING, AND POWER-LIMITED CIRCUITS 


(B) Class 1 Remote-Control and Signaling Circuits. 

These circuits shall not exceed 600 volts. The power output 
of the source shall not be required to be limited. 

725.43 Class 1 Circuit Overcurrent Protection. Overcur¬ 
rent protection for conductors 14 AWG and larger shall be 
provided in accordance with the conductor ampacity, with¬ 
out applying the ampacity adjustment and correction fac¬ 
tors of 310.15 to the ampacity calculation. Overcurrent pro¬ 
tection shall not exceed 7 amperes for 18 AWG conductors 
and 10 amperes for 16 AWG. 

Exception: Where other articles of this Code permit or 
require other overcurrent protection. 


having only a 2-wire (single-voltage) output for connection 
to Class 1 circuits shall be permitted to be protected by 
overcurrent protection provided on the input side of the 
electronic power source, provided this protection does not 
exceed the value determined by multiplying the Class 1 
circuit conductor ampacity by the output-to-input voltage 
ratio. Electronic power source outputs, other than 2-wire 
(single voltage), shall not be considered to be protected by 
the primary overcurrent protection. 

725.46 Class 1 Circuit Wiring Methods. Class 1 circuits 
shall be installed in accordance with Part I of Article 300 
and with the wiring methods from the appropriate articles 
in Chapter 3. 


Informational Note: For example, see 430.72 for motors, 
610.53 for cranes and hoists, and 517.74(B) and 660.9 for 
X-ray equipment. 

725.45 Class 1 Circuit Overcurrent Device Location. 

Overcurrent devices shall be located as specified in 
725.45(A), (B), (C), (D), or (E). 

(A) Point of Supply. Overcurrent devices shall be located 
at the point where the conductor to be protected receives its 
supply. 

(B) Feeder Taps. Class 1 circuit conductors shall be per¬ 
mitted to be tapped, without overcurrent protecti on at the 
tap, where the overcurrent device protecting the 
ductor is sized to protect the tap conductor. 


(C) Branch-Circuit Taps. Class 1 circuit 
AWG and larger that are tapped from the load side'of the 
overcurrent protective device(s) of a controlled light and 
power circuit shall require only short-circui^ftnd ground- 
fault protection and shall be permtted to be protected by 
the branch-circuit overcurrent protective device) s) where 
the rating of the protective device(s) is ne§Fno re than 
300 percent of the ampacity of the Clasl Tjefrcuit conduc¬ 
tor. 


Exception No. 1: 
shall he permitU 
circuits. 

Exception 
articles ■ 


TbtLprovisions of 725.48 through 725.51 
to apply in installations of Class 1 




T2: Methods permitted or required by other 
is Code shall qpply to installations of Class 1 


725.48 Conductors of Different Circuits in the Same 
Cable, Cable Tray, Enclosure, or Raceway. Class 1 cir- 
llits shall be permitted to be installed with other circuits as 
^.48(A) and (B). 




Two or More Class 1 Circuits. Class 1 circuits shall 
permitted to occupy the same cable, cable tray, enclo¬ 
se, or raceway without regard to whether the individual 
fcuits are alternating current or direct current, provided 
all conductors are insulated for the maximum voltage of 
any conductor in the cable, cable tray, enclosure, or race¬ 
way. 

(B) Class 1 Circuits with Power-Supply Circuits. Class 
1 circuits shall be permitted to be installed with power- 
supply conductors as specified in 725.48(B)(1) through 
(B)(4). 


(D) Primary Side of Transformer. Class 1 circuit conduc¬ 
tors supplied by the secondary of a single-phase trans¬ 
former having only a 2-wire (single-voltage) secondary 
shall be permitted to be protected by overcurrent protection 
provided on the primary side of the transformer, provided 
this protection is in accordance with 450.3 and does not 
exceed the value determined by multiplying the secondary 
conductor ampacity by the secondary-to-primary trans¬ 
former voltage ratio. Transformer secondary conductors 
other than 2-wire shall not be considered to be protected by 
the primary overcurrent protection. 

(E) Input Side of Electronic Power Source. Class 1 cir¬ 
cuit conductors supplied by the output of a single-phase, 
listed electronic power source, other than a transformer, 


(1) In a Cable, Enclosure, or Raceway. Class 1 circuits 
and power-supply circuits shall be permitted to occupy the 
same cable, enclosure, or raceway only where the equip¬ 
ment powered is functionally associated. 

(2) In Factory- or Field-Assembled Control Centers. 

Class 1 circuits and power-supply circuits shall be permit¬ 
ted to be installed in factory- or field-assembled control 
centers. 

(3) In a Manhole. Class 1 circuits and power-supply cir¬ 
cuits shall be permitted to be installed as underground con¬ 
ductors in a manhole in accordance with one of the follow¬ 
ing: 

(1) The power-supply or Class 1 circuit conductors are in a 
metal-enclosed cable or Type UF cable. 
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(2) The conductors are permanently separated from the 
power-supply conductors by a continuous firmly fixed 
nonconductor, such as flexible tubing, in addition to the 
insulation on the wire. 

(3) The conductors are permanently and effectively sepa¬ 
rated from the power supply conductors and securely 
fastened to racks, insulators, or other approved 
supports. 


cuit conductors are permitted in a raceway in accordance 
with 725.48, the number of conductors shall be determined 
in accordance with 300.17. The ampacity adjustment fac¬ 
tors given in 310.15(B)(3)(a) shall apply as follows: 

(1) To all conductors where the Class 1 circuit conductors 
carry continuous loads in excess of 10 percent of the 
ampacity of each conductor and where the total number 
of conductors is more than three 


(4) In Cable Trays. Installations in cable trays shall com¬ 
ply with 725.48(B)(4)(1) or (B)(4)(2). 

(1) Class 1 circuit conductors and power-supply conduc¬ 
tors not functionally associated with the Class 1 circuit 
conductors shall be separated by a solid fixed barrier of 
a material compatible with the cable tray. 

(2) Class 1 circuit conductors and power-supply conduc¬ 
tors not functionally associated with the Class 1 circuit 
conductors shall be permitted to be installed in a cable 
tray without barriers where all of the conductors are 
installed with separate multiconductor Type AC, Type 
MC, Type MI, or Type TC cables and all the conduc¬ 
tors in the cables are insulated at 600 volts or greater. 
[ROP 3-136] 

725.49 Class 1 Circuit Conductors. 

(A) Sizes and Use. Conductors of sizes 18 AWG 
AWG shall be permitted to be used, provided they su 
loads that do not exceed the ampacities given in 4p2.5 
are installed in a raceway, an approved enclosure, or 
listed cable. Conductors larger than 16 AWG shall not su 
ply loads greater than the ampacities given in 310.15. Flex¬ 
ible cords shall comply with Article 400. 

ill be rated for 



s than 600 volts. Conductors 


(B) Insulation. Insulation 
the system voltage and nc 
larger than 16 AWG shall comply with Article 310. Con¬ 
ductors in sizes 18 AWG and 16 AWG shall be Type 
FFH-2, KF-2, KFF-2, PAF, PA1 ^|Pf, PFF, PGF, PGFF, 
PTF, PTFF, RFH-2, RFHH-2, RFHH-3, SF-2, SFF-2, TF, 
TFF, TFFN, TFN, ZF, or ZFF. Conductors with other types 
and thicknesses of insulation shall be permitted if listed for 
Class 1 circuit use. [ROP 3-138] 


(2) To the power-supply conductors only, where the Class 
1 circuit conductors do not carry continuous loads in 
excess of 10 percent of the ampacity of each conductor 
and where the number of power-supply conductors is 
more than three 

(C) Class 1 Circuit Conductors in Cable Trays. Where 
Class 1 circuit conductors are installed in cable trays, they 
shall comply with the provisions of 392.22 and 392.80(A). 

Circuits Extending Beyond One Building. Class 
'prrcuits that extend aerially beyond one building shall 
iso meet the requirements of Article 225. 



lass 2 and Class 3 Circuits 

7255121 Power Sources for Class 2 and Class 3 Circuits. 

ower Source. The power source for a Class 2 or a 
Class 3 circuit shall be as specified in 725.121(A)(1), 
(A)(2), (A)(3), (A)(4), or (A)(5): 

Informational Note No. 1: Figure 725.121 illustrates the 
relationships between Class 2 or Class 3 power sources, 
their supply, and the Class 2 or Class 3 circuits. 

Informational Note No. 2: Table 11(A) and Table 11(B) in 
Chapter 9 provide the requirements for listed Class 2 and 
Class 3 power sources. 

(1) A listed Class 2 or Class 3 transformer 

(2) A listed Class 2 or Class 3 power supply 

(3) Other listed equipment marked to identify the Class 2 
or Class 3 power source 

Exception No. 1 to (3): Thermocouples shall not require 
listing as a Class 2 power source 


725.51 Number of Conductors in Cable Trays and 
Raceway, and Ampacity Adjustment. 

(A) Class 1 Circuit Conductors. Where only Class 1 cir¬ 
cuit conductors are in a raceway, the number of conductors 
shall be determined in accordance with 300.17. The ampac¬ 
ity adjustment factors given in 310.15(B)(3)(a) shall apply 
only if such conductors carry continuous loads in excess of 
10 percent of the ampacity of each conductor. 

(B) Power-Supply Conductors and Class 1 Circuit Con¬ 
ductors. Where power-supply conductors and Class 1 cir¬ 


Exception No. 2 to (3): Limited power circuits of listed 
equipment where these circuits have energy levels rated at 
or below the limits established in Chapter 9, Table 11(A) 
and Table 11(B). 

Informational Note: Examples of other listed equipment 
are as follows: 

(1) A circuit card listed for use as a Class 2 or Class 3 
power source where used as part of a listed assembly 

(2) A current-limiting impedance, listed for the pur¬ 
pose, or part of a listed product, used in conjunction with a 
non-power-limited transformer or a stored energy source, 
for example, storage battery, to limit the output current 

(3) A thermocouple 
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(4) Limited voltage/current or limited impedance sec¬ 
ondary communications circuits of listed industrial control 
equipment 

(4) Listed information technology (computer) equipment 
limited-power circuits. 

Informational Note: One way to determine applicable re¬ 
quirements for listing of information technology (com¬ 
puter) equipment is to refer to UL 60950-1-2007 (Rev. 
2011), Standard for Safety of Information Technology 
Equipment. Typically such circuits are used to interconnect 
information technology equipment for the purpose of ex¬ 
changing information (data). [ROP 3-141] 

(5) A dry cell battery shall be considered an inherently 
limited Class 2 power source, provided the voltage is 
30 volts or less and the capacity is equal to or less than 
that available from series connected No. 6 carbon zinc 
cells. 

(B) Interconnection of Power Sources. Class 2 or Class 3 
power sources shall not have the output connections paral¬ 
leled or otherwise interconnected unless listed for such in¬ 
terconnection. 



Figure 725.121 Class 2 and Class 3 Circuits. [ROP 3-140] 

725.124 Circuit Marking. The equipment supplying the 
circuits shall be durably marked where plainly visible to 
indicate each circuit that is a Class 2 or Class 3 circuit. 

725.127 Wiring Methods on Supply Side of the Class 2 
or Class 3 Power Source. Conductors and equipment on 
the supply side of the power source shall be installed in 
accordance with the appropriate requirements of Chapters 1 
through 4. Transformers or other devices supplied from 
electric light or power circuits shall be protected by an 
overcurrent device rated not over 20 amperes. 

Exception: The input leads of a transformer or other 
power source supplying Class 2 and Class 3 circuits shall 
be permitted to be smaller than 14 AWG, but not smaller 
than 18 AWG if they are not over 12 in. (305 mm) long and 
if they have insulation that complies with 725.49(B). 


725.130 Wiring Methods and Materials on Load Side of 
the Class 2 or Class 3 Power Source. Class 2 and Class 3 
circuits on the load side of the power source shall be per¬ 
mitted to be installed using wiring methods and materials in 
accordance with either 725.130(A) or (B). 

(A) Class 1 Wiring Methods and Materials. Installation 
shall be in accordance with 725.46. 

Exception No. 1: The ampacity adjustment factors given 
in 310.15(B)(3)(a) shall not apply. 

Exception No. 2: Class 2 and Class 3 circuits shall be 
permitted to be reclassified and installed as Class 1 circuits 
if the Class 2 and Class 3 markings required in 725.124 are 
eliminated and the entire circuit is installed using the wir¬ 
ing methods and materials in accordance with Part II, 
Class 1 circuits. 

Informational Ndt 0 : .Class 2 and Class 3 circuits reclassi¬ 
fied and installed as Class 1 circuits are no longer Class 2 
or Cla|#3 circuits, regfflBtess of the continued connection 
to a ^lass 2 or Class 3 power source. 

(B) Class 2 and Class 3 Wiring Methods. Conductors on 
the load side of the power source shall be insulated at not 
Jes s than the requirements of 725.179 and shall be installed 
in accordance with 725.133 and 725.154. 

Exception Wo. 1: As provided for in 620.21 for elevators 
Kid similar equipment. 

Exception No. 2: Other wiring methods and materials in¬ 
stalled in accordance with the requirements of 725.3 shall 
be permitted to extend or replace the conductors and cables 
described in 725.179 and permitted by 725.130(B). 

Exception No. 3: Bare Class 2 conductors shall be per¬ 
mitted as part of a listed intrusion protection system where 
installed in accordance with the listing instructions for the 
system. 

725.133 Installation of Conductors and Equipment in 
Cables, Compartments, Cable Trays, Enclosures, Man¬ 
holes, Outlet Boxes, Device Boxes, and Raceways for 
Class 2 and Class 3 Circuits. Conductors and equipment 
for Class 2 and Class 3 circuits shall be installed in accor¬ 
dance with 725.136 through 725.143. 

725.136 Separation from Electric Light, Power, Class 1, 
Non-Power-Limited Fire Alarm Circuit Conductors, 
and Medium-Power Network-Powered Broadband 
Communications Cables. 

(A) General. Cables and conductors of Class 2 and Class 3 
circuits shall not be placed in any cable, cable tray, com¬ 
partment, enclosure, manhole, outlet box, device box, race¬ 
way, or similar fitting with conductors of electric light, 
power, Class 1, non-power-limited fire alarm circuits, and 
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medium-power network-powered broadband communica- the conductors of the other circuits by a continuous and 

tions circuits unless permitted by 725.136(B) through (I). firmly fixed nonconductor, such as flexible tubing. 


(B) Separated by Barriers. Class 2 and Class 3 circuits 
shall be permitted to be installed together with the conduc¬ 
tors of electric light, power, Class 1, non-power-limited fire 
alarm and medium power network-powered broadband 
communications circuits where they are separated by a bar¬ 
rier. 

(C) Raceways Within Enclosures. In enclosures, Class 2 
and Class 3 circuits shall be permitted to be installed in a 
raceway to separate them from Class 1, non-power-limited 
fire alarm and medium-power network-powered broadband 
communications circuits. 

(D) Associated Systems Within Enclosures. Class 2 and 
Class 3 circuit conductors in compartments, enclosures, de¬ 
vice boxes, outlet boxes, or similar fittings shall be permit¬ 
ted to be installed with electric light, power, Class 1, non¬ 
power-limited fire alarm, and medium-power network- 
powered broadband communications circuits where they 
are introduced solely to connect the equipment connected 
to Class 2 and Class 3 circuits, and where (1) or (2) applies: 

(1) The electric light, power, Class 1, non-power- 
fire alarm, and medium-power network-powered 
band communications circuit conductors are routi 
maintain a minimum of 6 mm (0.25#<jm||s&e ai 
from the conductors and cables of 
circuits. 

(2) The circuit conductors operate af 
ground and also comply wi 

a. The Class 2 and Class 3 circuits' 

Type CL3, CL3fj^Fr CL3P or permitteJFsubstitute 
cables, provided theseJClass 3 cable conductors ex¬ 
tending beyond the jacket are separated by a mini¬ 
mum of 6 mm (0.25 in.) or by a nonconductive 
sleeve or nonconductive barrier from all other con¬ 
ductors. 

b. The Class 2 and Class 3 circuit conductors are in¬ 
stalled as a Class 1 circuit in accordance with 
725.41. 




'olio wing: 
led using 


(F) Manholes. Underground Class 2 and Class 3 circuit 
conductors in a manhole shall be permitted to be installed 
with Class 1, non-power-limited fire alarm and medium- 
power network-powered broadband communications cir¬ 
cuits where one of the following conditions is met: 

(1) The electric light, power. Class 1, non-power-limited 
fire alarm and medium-power network-powered broad¬ 
band communications circuit conductors are in a metal- 
enclosed cable or Type UF cable. 

(2) The Class 2 and Class 3 circuit conductors are perma¬ 
nently and effectively separated from the conductors of 
other circuits by a continuous and firmly fixed noncon¬ 
ductor, as flexible tubing, in addition to the insu¬ 
lation oiTcovering on the wire. 

The CIeSb 2 and Class 3 circuit conductors are perma- 
ently and effectively separated from conductors of the 
other circuits and securely fastened to racks, insulators, 
er approver supports. 

able Trays. Class 2 and Class 3 circuit conductors 
e permitted to be installed in cable trays, where the 
s of the electric light, Class 1, and non-power- 
re alarm circuits are separated by a solid fixed 
r of a material compatible with the cable tray or 
where the Class 2 or Class 3 circuits are installed in Type 
MC cable. 

(H) In Hoistways. In hoistways, Class 2 or Class 3 circuit 
conductors shall be installed in rigid metal conduit, rigid 
nonmetallic conduit, intermediate metal conduit, liquidtight 
flexible nonmetallic conduit, or electrical metallic tubing. 
For elevators or similar equipment, these conductors shall 
be permitted to be installed as provided in 620.21. 

(I) Other Applications. For other applications, conductors 
of Class 2 and Class 3 circuits shall be separated by at least 
50 mm (2 in.) from conductors of any electric light, power, 
Class 1 non-power-limited fire alarm or medium power 
network-powered broadband communications circuits un¬ 
less one of the following conditions is met: 


(E) Enclosures with Single Opening. Class 2 and Class 3 
circuit conductors entering compartments, enclosures, de¬ 
vice boxes, outlet boxes, or similar fittings shall be permit¬ 
ted to be installed with Class 1, non-power-limited fire 
alarm and medium-power network-powered broadband 
communications circuits where they are introduced solely 
to connect the equipment connected to Class 2 and Class 3 
circuits. Where Class 2 and Class 3 circuit conductors must 
enter an enclosure that is provided with a single opening, 
they shall be permitted to enter through a single fitting 
(such as a tee), provided the conductors are separated from 


(1) Either (a) all of the electric light, power, Class 1, non- 
power-limited fire alarm and medium-power network- 
powered broadband communications circuit conductors 
or (b) all of the Class 2 and Class 3 circuit conductors 
are in a raceway or in metal-sheathed, metal-clad, non- 
metallic-sheathed, or Type UF cables. 

(2) All of the electric light, power. Class 1 non-power- 
limited fire alarm, and medium-power network- 
powered broadband communications circuit conductors 
are permanently separated from all of the Class 2 and 
Class 3 circuit conductors by a continuous and firmly 
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fixed nonconductor, such as porcelain tubes or flexible 
tubing, in addition to the insulation on the conductors. 

725.139 Installation of Conductors of Different Circuits 
in the Same Cable, Enclosure, Cable Tray, Raceway, or 
Cable Routing Assembly. [ROP 3-118] 

(A) Two or More Class 2 Circuits. Conductors of two or 
more Class 2 circuits shall be permitted within the same 
cable, enclosure, raceway, or cable routing assembly. [ROP 
3-118] 


(5) Low-power, network-powered broadband communica¬ 
tions in compliance with Parts I and IV of Article 830 

[ROP 3-118] 

(F) Class 2 or Class 3 Conductors or Cables and Audio 
System Circuits. Audio system circuits described in 
640.9(C), and installed using Class 2 or Class 3 wiring 
methods in compliance with 725.133 and 725.154, shall not 
be permitted to be installed in the same cable, raceway, or 
cable routing assembly with Class 2 or Class 3 conductors 
or cables. [ROP 3-118] 


(B) Two or More Class 3 Circuits. Conductors of two or 
more Class 3 circuits shall be permitted within the same 
cable, enclosure, raceway, or cable routing assembly. [ROP 
3-118] 

(C) Class 2 Circuits with Class 3 Circuits. Conductors of 
one or more Class 2 circuits shall be permitted within the 
same cable, enclosure, raceway, or cable routing assembly 
with conductors of Class 3 circuits, provided the insulation 
of the Class 2 circuit conductors in the cable, enclosure, 
raceway, or cable routing assembly is at least that required 
for Class 3 circuits. [ROP 3-118] 

(D) Class 2 and Class 3 Circuits with Communications 
Circuits. 

(1) Classified as Communications Circuits. Class 2 and 
Class 3 circuit conductors shall be permitted in,the same 
cable with communications circuits, in 
Class 2 and Class 3 circuits shall be classi 
nications circuits and shall be installed in 
the requirements of Article 800. The cable s 
as communications cables. 

(2) Composite Cables. CablesffRistructed of mdi\idunlly 
listed Class 2, Class 3, and communications cables under a 
common jacket shall be permitted to be classiiflri as com¬ 
munications cables. The fire resistance rating of the com¬ 
posite cable shall be determined by the performance of the 
composite cable. 

(E) Class 2 or Class 3 Cables with Other Circuit 
Cables. Jacketed cables of Class 2 or Class 3 circuits shall 
be permitted in the same enclosure, cable tray, raceway, or 
cable routing assembly with jacketed cables of any of the 
following: 

(1) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 


725.141 Installation of Circuit Conductors Extending 
Beyond One Building. Where Class 2 or Class 3 circuit 
conductors extend beyond one building and are run so as to 
be subject to accidental contact with electric light or power 
conductors operating over 300 volts to ground, or are ex¬ 
posed to lightning on interbuilding circuits on the same 
premises, th§\r6quiremcnts of the following shall also ap¬ 
ply: 

(1) j s 800.44, 800.50. 800.53, 800.93, 800.100, 
‘and 800.170(B) for other than coaxial con- 

820.44, 820.93, and 820.100 for coaxial 




port of Conductors. Class 2 or Class 3 cir- 
5t conductors shall not be strapped, taped, or attached by 
means to the exterior of any conduit or other raceway 
means of support. These conductors shall be permitted 
|ptb be installed as permitted by 300.11(B)(2). 

725.154 Applications of Listed Class 2, Class 3, and 
PLTC Cables. Class 2, Class 3, and PLTC cables shall 
comply with any of the requirements described in 
725.154(A) through (I) and as indicated in Table 725.154. 

[ROP 3-154a] 

(A) Plenums. Cables installed in ducts, plenums, and other 
spaces used for environmental air shall be Type CL2P or 
CL3P. Listed wires and cables installed in compliance with 
300.22 shall be permitted. Listed plenum communications 
raceways and listed plenum cable routing assemblies shall 
be permitted to be installed in other spaces used for envi¬ 
ronmental air as described in 300.22(C). Only Types CL2P 
or CL3P cables shall be permitted to be installed in these 
plenum communications raceways. [ROP 3-156] 


(2) Nonconductive and conductive optical fiber cables in 
compliance with Parts I and IV of Article 770 

(3) Communications circuits in compliance with Parts I 
and IV of Article 800 

(4) Community antenna television and radio distribution 
systems in compliance with Parts I and IV of Article 
820 


(B) Riser. Cables installed in risers shall be as described in 
any of (B)(1), (B)(2), or (B)(3): 

(1) Cables installed in vertical runs and penetrating from 
floor to floor, or cables installed in vertical runs in a 
shaft, shall be Type CL2R or CL3R. Floor penetrations 
requiring Type CL2R or CL3R shall contain only 
cables suitable for riser or plenum use. Listed riser 
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communications raceways, listed riser cable routing as¬ 
semblies, listed plenum communications raceways and 
listed plenum cable routing assemblies shall be permit¬ 
ted to be installed in vertical riser runs in a shaft from 
floor to floor. Only Type CL2R, CL3R, CL2R or CL3P 
cables shall be permitted to be installed in these riser 
and plenum raceways. [ROP 3-156, ROP 3-160] 

(2) Other cables as covered in Table 725.154 and other 
listed wiring methods as covered in Chapter 3 shall be 
installed in metal raceways, or located in a fireproof 
shaft having firestops at each floor. 


(3) Type CL2, CL3, CL2X, and CL3X cables shall be per¬ 
mitted in one- and two-family dwellings. Listed 
general-purpose communications raceways, listed 
general-purpose cable routing assemblies, listed riser 
communications raceways, listed riser cable routing as¬ 
semblies, listed plenum communications raceways and 
listed plenum cable routing assemblies shall be permit¬ 
ted for use with Type CL2, CL3, CL2X, and CL3X 
cables. [ROP 3-156] 

Informational Note: See 300.21 for firestop requirements 
for floor penetrations. 


Table 725.154 Applications of Listed Class 2, Class 3 and PLTC Cables in Buildings 





Wire and Cable Type 

Applications 

CL2P 
& CL3P 

CL2R 

&CL3® 

W CL2 CL2X 

1 & CL3 & CL3X CMUC PLTC 


In Fabricated Ducts as 

Described in 300.22(B) In fabricated ducts 

Y * b 

rv 

N 

N 

N 

In metal raceway that complies 
with 300.22(B) 

Y* k/Y 

► ^ 

* Y* 

Y* 

N 

Y* 


In Other Spaces Used 
for Environmental Air 
as Described in 
300.22(C) 



In other spaces used for 
environmental air 

In metal raceway 
with 300.22(C) 

In plenum con^^j^icaj 
raceways 


Supported by open metal cable 
trays’ 

SupportedTIlp^blid bottom 
metal cable trays with solid 
metal covers 


N 

N 

N 

N 

N 

Y* 

Y* 

Y* 

N 

Y* 

N 

N 

N 

N 

N 


NOT PERMITTED 


Y* 


N 


Y* 


N 


Y* 


N 


Y* 


N 


N 


N 


N 


In Risers 

In vertical runs 

Y* 

Y* 

N 

N 

N 

N 


In metal raceways 

Y* 

Y* 

Y* 

Y* 

N 

Y* 


In fireproof shafts 

Y* 

Y* 

Y* 

Y* 

N 

Y* 


In plenum communications 
raceways 

Y* 

Y* 

N 

N 

N 

N 


In plenum cable routing 
assemblies 

Y* 

Y* 

N 

N 

N 

N 


In riser communications 
raceways 

Y* 

Y* 

N 

N 

N 

N 
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Table 725.154 Continued 






Wire and Cable Type 




Applications 

CL2P 
& CL3P 

CL2R 
& CL3R 

CL2 
& CL3 

CL2X 
& CL3X 

CMUC 

PLTC 


In riser cable routing 
assemblies 

Y* 

Y* 

N 

N 

N 

N 


In one- and two-family 
dwellings 

Y* 

Y* 

Y* 

Y* 

N 

Y* 

Within Buildings in 
Other Than 
Air-Handling Spaces 
and Risers 

General 

Y* 

Y* 

Y* 

Y* 

N 

Y* 


In one- and two-family 
dwellings 

In multifamily dwellings 

In nonconcealed spaces 

Supported by cable trays 

Under carpet 

In cross-connect arrays 

In any raceway recognized in 
Chapter 3 

In plenum communic 
raceways 

In plenum cabli 
assemblies 

In rise; 
raceway! 

In riser cable 
assemblies 

In general-purpose 
communications raceways 

In general-purpose cable 
routing assemblies 


Y* 

Y* 




Y* 


Y* 

Y* 

Y* 

w y* 

N 


N 



k y* 

Y*% 


Y* 


^ Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 


Y* 


N 


N 


N 


N 


N 


N 


Y* 

Y* 

Y* 

N 

Y* 

N 

N 

N 

N 

N 

N 

N 

N 


Y* 

Y* 

Y* 

Y* 

N 

Y* 


Y* 


Y* 


Note: An “N” in the table indicates that the cable type shall not be permitted to be installed in the application. A “Y*” indicates that the cable shall 
be permitted to be installed in the application, subject to the limitations described in 725.130 through 725.143. 


(C) Cable Trays. Cables installed in cable trays outdoors 
shall be Type PLTC. Cables installed in cable trays indoors 
shall be Types PLTC, CL3P, CL3R, CL3, CL2P, CL2R, and 
CL2. 

Listed general-purpose communications raceways, 
listed riser communications raceways, and listed plenum 
communications raceway shall be permitted for use with 
cable trays. [ROP 3-156] 


Informational Note No. 1: See 800.154 for cables permit¬ 
ted in cable trays. 

Informational Note No. 2: Communications raceways in¬ 
clude, but are not limited to, signaling raceways. [ROP 
3-156] 

(D) Industrial Establishments. In industrial establish¬ 
ments where the conditions of maintenance and supervision 
ensure that only qualified persons service the installation, 
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Type PLTC cable shall be permitted in accordance with 
either (1) or (2): 

(1) Where the cable is not subject to physical damage. 
Type PLTC cable that complies with the crush and im¬ 
pact requirements of Type MC cable and is identified as 
PLTC-ER for such use shall be permitted to be exposed 
between the cable tray and the utilization equipment or 
device. The cable shall be continuously supported and 
protected against physical damage using mechanical 
protection such as dedicated struts, angles, or channels. 
The cable shall be supported and secured at intervals 
not exceeding 1.8 m (6 ft). 

(2) Type PLTC cable, with a metallic sheath or armor in 
accordance with 725.179(E), shall be permitted to be 
installed exposed. The cable shall be continuously sup¬ 
ported and protected against physical damage using 
mechanical protection such as dedicated struts, angles, 
or channels. The cable shall be secured at intervals not 
exceeding 1.8 m (6 ft). 

(E) Other Wiring Within Buildings. Cables installed in 
building locations other than those covered in 725.154(A) 
through (D) shall be as described in any of (E)(1) through 
(E)(6). 

(1) General. Type CL2 or CL3 shall be permitted. 

(2) In Raceways or Other Wiring Methods. Type C 
or CL3X shall be permitted to be installed in a raceway 
in accordance with other wiring method^covered in Chai 
ter 3. 


(3) Nonconcealed Spaces. 

cables shall be permitted 
spaces where the expose; 
m (10 ft). 



Type CL3X 
concealed 
L oes not exceed 3 


(4) One- and Two-Family DttUings/Type CL2X cables 
less than 6 mm (0.25 in.) in diameter and Type CL3X 
cables less than 6 mm (0.25 in.) in diameter shall be per¬ 
mitted to be installed in one- and two-family dwellings. 


permitted. Where substitute cables are installed, the wiring 
requirements of Article 725, Parts I and III, shall apply. 

Informational Note: For information on Types CMP, 
CMR, CM, and CMX, see 800.179. 


Plenum 




CM—Commit it 
CL2.and CL3—Cl 
limited cables 
-Power-limited tray cable 


ns wires and cables 

and Class 3 remote-control, signaling, 


Cable A shall be permitted to be used in place of Cable B. 

•154(G) Cable Substitution Hierarchy. 


(H) Class 2, Class 3, PLTC Circuit Integrity (Cl) Cable 
or Electrical Circuit Protective System. Circuit integrity 
(Cl) cable or a listed electrical circuit protective system 
shall be permitted for use in remote control, signaling, or 
power-limited systems that supply critical circuits to ensure 
survivability for continued circuit operation for a specified 
time under fire conditions. 

(I) Thermocouple Circuits. Conductors in Type PLTC 
cables used for Class 2 thermocouple circuits shall be per¬ 
mitted to be any of the materials used for thermocouple 
extension wire. 


(5) Multifamily Dwellings. Type CL2X cables less than 
6 mm (0.25 in.) in diameter and Type CL3X cables less 
than 6 mm (0.25 in.) in diameter shall be permitted to be 
installed in nonconcealed spaces in multifamily dwellings. 

(6) Under Carpets. Type CMUC undercarpet communica¬ 
tions wires and cables shall be permitted to be installed 
under carpet. 

(F) Cross-Connect Arrays. Type CL2 or CL3 conductors 
or cables shall be used for cross-connect arrays. 


IV. Listing Requirements 

725.179 Listing and Marking of Class 2, Class 3, Type 
PLTC Cables, Signaling Raceways, and Cable Routing 
Assemblies. Class 2, Class 3, and Type PLTC cables, non- 
metallic communications raceways, and cable routing as¬ 
semblies installed as wiring methods within buildings shall 
be listed as being resistant to the spread of fire and other 
criteria in accordance with 725.179(A) through (O) and 
shall be marked in accordance with 725.179 (O). [ROP 
3-163a, ROP 3-118] 


(G) Class 2 and Class 3 Cable Substitutions. The substi¬ 
tutions for Class 2 and Class 3 cables listed in Table 
725.154(G) and illustrated in Figure 725.154(G) shall be 


(A) Types CL2P and CL3P. Types CL2P and CL3P ple¬ 
num cable shall be listed as being suitable for use in ducts, 
plenums, and other space for environmental air and shall 
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also be listed as having adequate fire-resistant and low 
smoke-producing characteristics. 

Informational Note: One method of defining a cable that is 
low smoke-producing cable and fire-resistant cable is that 
the cable exhibits a maximum peak optical density of 0.50 
or less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2011, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 3-164] 

(B) Types CL2R and CL3R. Types CL2R and CL3R riser 
cables shall be marked as Type CL2R or CL3R, respec¬ 
tively, and be listed as suitable for use in a vertical run in a 
shaft or from floor to floor and shall also be listed as having 
fire-resistant characteristics capable of preventing the car¬ 
rying of fire from floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSI/UL 1666-2007 (Rev. 2011), Test for Flame Propa¬ 
gation Height of Electrical and Optical-Fiber Cable In¬ 
stalled Vertically in Shafts. [ROP 3-141] 

(C) Types CL2 and CL3. Types CL2 and CL3 cables 
shall be marked as Type CL2 or CL3, respectively, and be 
listed as suitable for general-purpose use, with the excep¬ 
tion of risers, ducts, plenums, and other space used for 
environmental air, and shall also be listed as being resis tant 
to the spread of fire. 

Informational Note: One method of definin 
the spread of fire is that the cables do not sp' 
top of the tray in the “UL Flame Exposure 
Flame Test” in ANSI/UL 1685-2007 (Rev. .20101 
for Safety for Vertical-Tray Fire-Propagation and Sn e- 
Release Test for Electrical and OpWcal-Fiber Cables. 
smoke measurements in the te4 method are notl^lic 
[ROP 3-141] 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 

(D) Types CL2X and CL3X. Types CL2X and CL3X 
limited-use cables shall be marked as Type CL2X or CL3X, 
respectively, and be listed as being suitable for use in 
dwellings and for use in raceway and shall also be listed as 
being resistant to flame spread. 

Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-1 (vertical wire) flame test in ANSI/UL 1581-2001 
(Rev. 2011), Reference Standard for Electrical Wires, 
Cables and Flexible Cords. [ROP 3-141] 

(E) Type PLTC. Type PLTC nonmetallic-sheathed, power- 
limited tray cable shall be listed as being suitable for cable 
trays and shall consist of a factory assembly of two or more 
insulated conductors under a nonmetallic jacket. The insu¬ 


lated conductors shall be 22 AWG through 12 AWG. The 
conductor material shall be copper (solid or stranded). In¬ 
sulation on conductors shall be rated for 300 volts. The 
cable core shall be either (1) two or more parallel conduc¬ 
tors, (2) one or more group assemblies of twisted or parallel 
conductors, or (3) a combination thereof. A metallic shield 
or a metallized foil shield with drain wire(s) shall be per¬ 
mitted to be applied either over the cable core, over groups 
of conductors, or both. The cable shall be listed as being 
resistant to the spread of fire. The outer jacket shall be a 
sunlight- and moisture-resistant nonmetallic material. Type 
PLTC cable used in a wet location shall be listed for use in 
wet locations or have a moisture-impervious metal sheath. 

Exception No. 1: Where a smooth metallic sheath, con¬ 
tinuous corrugated /metallic sheath, or interlocking tape 
armor is applied j over the nonmetallic jacket, an overall 
nonmetallic jacket .shall not be required. On metallic- 
sheathed cable witrwptt an overall nonmetallic jacket, the 
informatfjtf required in 310.120 shall be located on the 
: jacket under tHe sheath. 

Conductors in PLTC cables used for 
hocouple circuits shall be permitted to be any 
rials used for thermocouple extension wire. 




.Note: One method of defining resistant to 
rfire is that the cables do not spread fire to the 
"tray in the “UL Flame Exposure, Vertical Tray 
r Flame Test” in ANSI/UL 1685-2007 (Rev. 2010), Standard 
for Safety for Vertical-Tray Fire-Propagation and Smoke- 
iRelease Test for Electrical and Optical-Fiber Cables. The 
'smoke measurements in the test method are not applicable. 
[ROP 3-141] 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 


(F) Circuit Integrity (Cl) Cable or Electrical Circuit 
Protective System. Cables that are used for survivability of 
critical circuits under fire conditions shall meet either (F)(1) 
or (F)(2) as follows: [ROP 3-165] 

(1) Circuit Integrity (Cl) Cables. Circuit Integrity (Cl) 
cables, specified in 725.154(A), (B), (D)(1), and (E), and 
used for survivability of critical circuits shall have the ad¬ 
ditional classification using the suffix “-CI”. Circuit integ¬ 
rity (Cl) cables shall only be permitted to be installed in a 
raceway where specifically listed and marked as part of an 
electrical circuit protective system as covered in (F)(2). 
[ROP 3-165] 

(2) Electrical Circuit Protective System. Cables, speci¬ 
fied in 725.154(A), (B), (D)(1), (E) and (F)(1) that are part 
of an electrical circuit protective system, shall be identified 
with the protective system number and hourly rating 
printed on the outer jacket of the cable and shall be in- 
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727.1 


stalled in accordance with the listing of the protective sys¬ 
tem. [ROP 3-165, ROP 3-141] 

Informational Note No. 1: One method of defining circuit 
integrity (Cl) cable or an Electrical Circuit Protective Sys¬ 
tem is by establishing a minimum 2-hour fire resistive rat¬ 
ing when tested in accordance with UL 2196-2001 (Rev. 
2006), Standard for Tests of Fire Resistive Cables. [ROP 
3-165] 


(L) Plenum Cable Routing Assemblies. Plenum cable 
routing assemblies shall be listed as having fire-resistant 
and low-smoke-producing characteristics. [ROP 3-118] 

(M) Riser Cable Routing Assemblies. Riser cable routing 
assemblies shall be listed as having fire-resistant character¬ 
istics capable of preventing the carrying of fire from floor 
to floor. [ROP 3-118] 


Informational Note No. 2: UL guide information for elec¬ 
trical circuit protective systems (FHIT) contains informa¬ 
tion on proper installation requirements to maintain the fire 
rating. [ROP 3-165] 

(G) Class 2 and Class 3 Cable Voltage Ratings. Class 2 
cables shall have a voltage rating of not less than 150 volts. 
Class 3 cables shall have a voltage rating of not less than 
300 volts. 

(H) Class 3 Single Conductors. Class 3 single conductors 
used as other wiring within buildings shall not be smaller 
than 18 AWG and shall be Type CL3. Conductor types 
described in 725.49(B) that are also listed as Type CL3 
shall be permitted. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical 
Flame Test” in ANSI/UL 1685-2007 (Rev. 2010), Stan 
for Safety for Vertical-Tray Fire-Propagation and Smo. 
Release Test for Electrical and Optical-Fiber Cables. 
smoke measurements in the test method are not applicable. 
[ROP 3-141] 

Another method of defining resiste^f to the spread of 
fire is for the damage (char length) not to exceed 
11 in.) when performing the CSA “Vert- 
Cables in Cable Trays,” as described in CSJVC22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and. Cables. 



(I) Plenum Communications Raceway 

nications raceways shall be listed as hay 
resistant and low smoke-producing da 

3-163a] 


denum commu- 
Jg adequate fire- 
icteristics. [ROP 


(J) Riser Communications Raceways. Riser communica¬ 
tions raceways shall be listed as having adequate fire- 
resistant characteristics capable of preventing the carrying 
of fire from floor to floor. [ROP 3-163a] 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the raceways pass the require¬ 
ments of the Test for Flame Propagation (Riser) in UL 
2024, Standard for Optical Fiber Cable Raceway. 


(N) General-Use Cable Routing Assemblies. General-use 
cable routing assemblies shall be listed as being resistant to 
the spread of fire. [ROP 3-118] 

Informational Note: One method of defining resistance to 
the spread of fire is that the cable routing assemblies pass 
the requirements of the vertical tray flame test (general use) 
in Subject 2024A, UL Outline of Investigation for Cable 
Routing Asfgikblies. [ROP 3-118] 

(O) Marki ng. Cables shall be marked in accordance with 
310.1<§©tA)(2), (A)(3), (A)(4), and (A)(5) and Table 
72d!|79. Voltage ratings shall not be marked on the cables. 

P 3-118] 

Informational Note: Voltage markings on cables may be 
terpreted to suggest that the cables may be suitable for 
ass 1 electric light and power applications. 

Voltage markings shall be permitted where the 
's multiple listings and a voltage marking is re- 
for one or more of the listings. 

Table 725.179 Cable Marking 


Cable Marking 

Type 

CL3P 

Class 3 plenum cable 

CL2P 

Class 2 plenum cable 

CL3R 

Class 3 riser cable 

CL2R 

Class 2 riser cable 

PLTC 

Power-limited tray cable 

CL3 

Class 3 cable 

CL2 

Class 2 cable 

CL3X 

Class 3 cable, limited use 

CL2X 

Class 2 cable, limited use 


Informational Note: Class 2 and Class 3 cable types are 
listed in descending order of fire resistance rating, and 
Class 3 cables are listed above Class 2 cables because Class 
3 cables can substitute for Class 2 cables. 


(K) General-Purpose Communications Raceways. 

General-purpose communications raceways shall be listed 
as being resistant to the spread of fire. [ROP 3-163a] 

Informational Note: One method of defining resistance to 
the spread of fire is that the raceways pass the requirements 
of the Vertical-Tray Flame Test (General use) in UL 2024, 
Standard for Optical Fiber Cable Raceway. 


ARTICLE 727 

Instrumentation Tray Cable: Type ITC 

727.1 Scope. This article covers the use, installation, and 
construction specifications of instrumentation tray cable for 
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ARTICLE 728 — FIRE RESISTIVE CABLE SYSTEMS [ROP 3-170] 


application to instrumentation and control circuits operating 
at 150 volts or less and 5 amperes or less. 

727.2 Definition. 

Type ITC Instrumentation Tray Cable. A factory assem¬ 
bly of two or more insulated conductors, with or without a 
grounding conductor(s), enclosed in a nonmetallic sheath. 

727.3 Other Articles. In addition to the provisions of this 
article, installation of Type ITC cable shall comply with 
other applicable articles of this Code. 

121A Uses Permitted. Type ITC cable shall be permitted 
to be used as follows in industrial establishments where the 
conditions of maintenance and supervision ensure that only 
qualified persons service the installation: 

(1) In cable trays. 

(2) In raceways. 

(3) In hazardous locations as permitted in 501.10, 502.10, 
503.10, 504.20, 504.30, 504.80, and 505.15. 

(4) Enclosed in a smooth metallic sheath, continuous cor¬ 
rugated metallic sheath, or interlocking tape armor ap¬ 
plied over the nonmetallic sheath in accordance with 
727.6. The cable shall be supported and secured at in¬ 
tervals not exceeding 1.8 m (6 ft). 

(5) Cable, without a metallic sheath or armor, that com¬ 
plies with the crush and impact requirements ofType 
MC cable and is identified for such use wit! 
ing ITC-ER shall be permitted to be inst 
The cable shall be continuously supported 
tected against physical damage using mechanical pro 
tection such as dedicated struts, angles, or channels. 


The cable shall be secured 
1.8 m (6 ft). 

(6) As aerial cable on a me s serif 

(7) Direct buried where identified 

(8) Under raised floors in rooms containing industrial pro¬ 
cess control equipment and rack roonw a here arranged 
to prevent damage to the cable. 

(9) Under raised floors in information technology equip¬ 
ment rooms in accordance with_(5)(c). 



nett exceeding 


Exception No. 1: Where terminated within equipment or 
junction boxes and separations are maintained by insulat¬ 
ing barriers or other means. 

Exception No. 2: Where a metallic sheath or armor is 
applied over the nonmetallic sheath of the Type ITC cable. 

727.6 Construction. The insulated conductors of Type 
ITC cable shall be in sizes 22 AWG through 12 AWG. The 
conductor material shall be copper or thermocouple alloy. 
Insulation on the conductors shall be rated for 300 volts. 
Shielding shall be permitted. 

The cable shall be listed as being resistant to the spread 
of fire. The outer jacket shall be sunlight and moisture 
resistant. 

Where a smooth metallic sheath, continuous corrugated 
metallic sheath, orfinterlocking tape armor is applied over 
the nonmetallic sheath, an overall nonmetallic jacket shall 
not be require 

Note: One method of defining resistant to 
of fire is thatrhe cables do not spread fire to the 
in the “ULSPlame Exposure, Vertical Tray 
ANSI/UL 1685-2007 (Rev. 2010), Standard 
Vertical-Tray Fire-Propagation and Smoke- 
for Electrical and Optical-Fiber Cables. The 
lurements in the test method are not applicable. 




her method of defining resistant to the spread of 
he damage (char length) not to exceed 1.5 m (4 ft 
in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0-3-M-2001, Test Methods for Electrical Wires and Cables. 

27.7 Marking. The cable shall be marked in accordance 
with 310.120(A)(2), (A)(3), (A)(4), and (A)(5). Voltage rat¬ 
ings shall not be marked on the cable. 


727.8 Allowable Ampacity. The allowable ampacity of the 
conductors shall be 5 amperes, except for 22 AWG conduc¬ 
tors, which shall have an allowable ampacity of 3 amperes. 

727.9 Overcurrent Protection. Overcurrent protection 
shall not exceed 5 amperes for 20 AWG and larger conduc¬ 
tors, and 3 amperes for 22 AWG conductors. 


727.5 Uses Not Permitted. Type ITC cable shall not be 
installed on circuits operating at more than 150 volts or 
more than 5 amperes. 

Installation of Type ITC cable with other cables shall be 
subject to the stated provisions of the specific articles for 
the other cables. Where the governing articles do not con¬ 
tain stated provisions for installation with Type ITC cable, 
the installation of Type ITC cable with the other cables 
shall not be permitted. 

Type ITC cable shall not be installed with power, light¬ 
ing, Class 1 circuits that are not power limited, or non¬ 
power-limited circuits. 


727.10 Bends. Bends in Type ITC cables shall be made so 
as not to damage the cable. 


ARTICLE 728 

Fire Resistive Cable Systems [ROP 
3-170] 

728.1 Scope. This article covers the installation of fire re¬ 
sistive cables, fire resistive conductors and other system 
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750.1 


components used for survivability of critical circuits to en¬ 
sure continued operation during a specified time under fire 
conditions as required in this Code. 

728.2 Definition. 

Fire Resistive Cable System. A cable and components 
used to ensure survivability of critical circuits for a speci¬ 
fied time under fire conditions. 

728.3 Other Articles. Wherever the requirements of other 
articles of this Code and Article 728 differ, the requirements 
of Article 728 shall apply. 

728.4 General. Fire resistive cables, fire resistive conduc¬ 
tors and components shall be tested and listed as a complete 
system. The cables, conductors and components shall be 
designated for use in a specific fire rated system and shall 
not be interchangeable between systems. Fire resistive 
cables, conductors and components shall be suitable for use 
with the wiring methods in Chapter 3 as applicable. 

Informational Note No. 1: One method of defining the fire 
rating is by testing the system in accordance with UL 2196- 
2006, Standard for Tests of Fire Resistive Cables. 

Informational Note No. 2: Fire resistive cable system: 
considered part of an Electrical Circuit Protective Systi 

728.5 Installations. Fire resistive cable systems insta' 
outside the electrical room or the fire puffif^Mpm 
comply with the following requirement?and all^other 
stallation instructions provided in the listing. 



(A) Mounting Surface 

shall be fastened to a 
Crete floor-ceiling asse 
floor-ceiling assembly up* 


tective system is mounted 
the rating of the fire resistive 


The-c^y-aesistive cable system 
Miry waif or a con- 
ting of the wall or 
■ctrical circuit pro¬ 
to or greater than 
stem. 



(B) Supports. Fire resistive cabling systems shall be sup¬ 
ported with steel support hardware, such as steel struts, 
clamps, straps or fasteners. The fire resistive system shall 
be supported in accordance with the manufacturer’s listing 
and, if not specified, at intervals not to exceed 1.5 m (5 ft). 
At termination points, the fire resistive system shall be sup¬ 
ported within 610 mm (24 in.) of each junction box,pull 
point, or enclosure. 

Informational Note: The supports are an important part of 
the systems and each individual system may have specific 
support requirements. These supports are critical and must 
survive under fire condition to ensure the survivability of 
the system. 

(C) Raceways and Couplings. Where the fire resistive 
system is listed to be installed in a raceway, the raceways 
enclosing the system, any couplings, and connectors shall 


be steel. Only raceways and fittings listed as part of the fire 
rated system shall be used. 

(D) Cable Tray. Fire resistive systems listed for cable tray 
installations shall only use steel cable trays and steel com¬ 
ponents. 

(E) Boxes. Boxes or enclosures shall be steel only and 
shall be fastened to the fire rated surface independently of 
the raceways or cables listed in the system. 

(F) Pulling Lubricants. Fire resistive systems, installed in 
a raceway shall only use pulling lubricants listed for fire 
resistive systems. 

(G) Vertical Supports. Cables and conductors installed in 
vertical raceways shall be supported in accordance with 
300.19(B). The cable supports shall be steel and shall be 
identified in the fire resistive system. 

Splices. Only splices that are part of the fire restive 
all be usecf Splices shall have manufacturer’s 
ion instructions. Splices shall be specific for each 
manufacturer. 


rounding. Fire resistive systems, installed in a 
ty requiring an equipment grounding conductor, shall 
use the same fire rated cable described in the system, unless 
alternative equipment grounding conductors are listed with 
the system. Any alternative equipment grounding conductor 
shall be marked with the system number. The system shall 
specify a permissible equipment grounding conductor. If 
not specified, the equipment grounding conductor shall be 
the same as the fire-rated cable described in the system. 

728.120 Marking. In addition to the marking required in 
310.120, system cables and conductors shall be surface 
marked with the suffix “-FRR” (Fire Resistive Rating), 
along with the circuit integrity duration in hours and with 
the system identifier. 


ARTICLE 750 

Energy Management Systems [ROP 
13-180] 


750.1 Scope. This article applies to the installation and 
operation of energy management systems. 

Informational Note: Performance provisions in other 
codes establish prescriptive requirements that may further 
restrict the requirements contained in this article. 
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750.2 Definitions. For the purpose of this article the fol¬ 
lowing definitions shall apply. 

Control. The predetermined process of connecting, discon¬ 
necting, increasing, or reducing electric power. 

Energy Management System. A system consisting of any 
of the following: monitor(s), communication equipment, 
controller(s), timer(s), or other device(s), that monitors and 
/or controls an electrical load or a power production or 
storage source. 


750.50 Field Markings. Where an energy management 
system is employed to control electrical power through the 
use of a remote means, a directory identifying the con¬ 
trolled device(s) and circuit(s) shall be posted on the enclo¬ 
sure of the controller, disconnect, or branch circuit overcur¬ 
rent device. 

Informational Note: The use of the term “remote” is in¬ 
tended to convey that a controller can be operated via an¬ 
other means or location through communications without a 
direct operator interface with the controlled device. 


Monitor. An electrical or electronic means to observe, 
record, or detect the operation or condition of the electric 
power system or apparatus. 

750.20 Alternate Power Sources. An energy management 
system shall not override any control necessary to ensure 
continuity of an alternate power source for the following: 

(1) Fire pumps 

(2) Health care facilities 

(3) Emergency systems 

(4) Legally required standby systems 

(5) Critical operations power systems 

750.30 Load Management. Energy management systems 
shall be permitted to monitor and control electrical loads 
unless restricted in accordance with any of the 

(A) Load Shedding Controls. An eneri 
system shall not override the load shedding 
place to ensure the minimum eleci 
following: 

(1) Fire pumps 

(2) Emergency systems 

(3) Legally required standby syste 

(4) Critical operations power systems 

(B) Disconnection of Power. An energy management sys¬ 
tem shall not be permitted to cause disconnection of power 
to the following: 

(1) Elevators, escalators, moving walks, or stairway lift 
chairs 

(2) Positive mechanical ventilation for hazardous (classi¬ 
fied) locations 

(3) Ventilation used to exhaust hazardous gas or reclassify 
an area 

(4) Circuits supply emergency lighting 

(5) Essential electrical system in health care facilities 

(C) Capacity of Branch Circuit, Feeder, or Service. An 

energy management system shall not cause a branch circuit, 
feeder, or service to be overloaded at any time. 






ARTICLE 760 
Fire Alarm Systems 


I. General 

760.1 Scope. This artH|tNCovers the installation of wiring 
and equipment of fire alarm systems including all circuits 
controlled and powered by the fire alarm system. 

Informational Note No. 1: Fire alarm systems include fire 
detection and alarm notification, guard’s tour, sprinkler wa- 
.erflow, Itad sprinkler supervisory systems. Circuits con- 
and powered by the fire alarm system include cir- 
e control of building systems safety functions, 
levator ^capture, elevator shutdown, door release, smoke 
doors and damper control, fire doors and damper control 
and fan shutdown, but only where these circuits are pow- 
red by and controlled by the fire alarm system. For further 
information on the installation and monitoring for integrity 
requirements for fire alarm systems, refer to the NFPA 72- 
2010, National Fire Alarm and Signaling Code. 

Informational Note No. 2: Class 1, 2, and 3 circuits are 
defined in Article 725. 

760.2 Definitions. 

Abandoned Fire Alarm Cable. Installed fire alarm cable 
that is not terminated at equipment other than a connector 
and not identified for future use with a tag. 

Cable Routing Assembly. A single channel or connected 
multiple channels, as well as associated fittings, forming a 
structural system that is used to support and route conduc¬ 
tors and cables. [ROP 3-171] 

Fire Alarm Circuit. The portion of the wiring system be¬ 
tween the load side of the overcurrent device or the power- 
limited supply and the connected equipment of all circuits 
powered and controlled by the fire alarm system. Fire alarm 
circuits are classified as either non-power-limited or 
power-limited. 

Fire Alarm Circuit Integrity (Cl) Cable. Cable used in 
fire alarm systems to ensure continued operation of critical 
circuits during a specified time under fire conditions. 
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Non-Power-Limited Fire Alarm Circuit (NPLFA). A fire 
alarm circuit powered by a source that complies with 
760.41 and 760.43. 

Power-Limited Fire Alarm Circuit (PLFA). A fire alarm 
circuit powered by a source that complies with 760.121. 

760.3 Other Articles. Circuits and equipment shall com¬ 
ply with 760.3(A) through (K). Only those sections of Ar¬ 
ticle 300 referenced in this article shall apply to fire alarm 
systems. 

(A) Spread of Fire or Products of Combustion. See 
300.21. 

(B) Ducts, Plenums, and Other Air-Handling Spaces. 

Section 300.22, where installed in ducts or plenums or 
other spaces used for environmental air. 

Exception: As permitted in 760.53(B)(1) and (B)(2) and 
760.154(A). 

(C) Hazardous (Classified) Locations. Articles 500 
through 516 and Article 517, Part IV, where installed in 
hazardous (classified) locations. 

(D) Corrosive, Damp, or Wet Locations. S 

110.11, 300.5(B), 300.6, 300.9, and 310.10(G), whtmnP 
stalled in corrosive, damp, or wet locations. [ROP 3-173] 


(E) Building Control Circuits. Article 
ing control circuits (e.g., elevator 
are associated with the fire alarm s 

(F) Optical Fiber Cables. \^| 

utilized for fire alarm circ 
in accordance with Artii 

(G) Installation of Cond 

stallations shall comply 


e bui 
tdowif 




er Systems. In- 


(H) Raceways or Sleeves Exposed to Different Tem¬ 
peratures. Installations shall comply with 300.7(A). 

(I) Vertical Support for Fire Rated Cables and Conduc¬ 
tors. Vertical installations of circuit integrity (Cl) cables 
and conductors installed in a raceway or conductors and 
cables of electrical circuit protective systems shall be in¬ 
stalled in accordance with 300.19. 

(J) Number and Size of Cables and Conductors in 
Raceway. Installations shall comply with 300.17. 

(K) Bushing. A bushing shall be installed where cables 
emerge from raceway used for mechanical support or pro¬ 
tection in accordance with 300.15(C). 

760.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 


shall not be denied by an accumulation of conductors and 
cables that prevents removal of panels, including suspended 
ceiling panels. 

760.24 Mechanical Execution of Work. 

(A) General. Fire alarm circuits shall be installed in a neat 
workmanlike manner. Cables and conductors installed ex¬ 
posed on the surface of ceilings and sidewalls shall be 
supported by the building structure in such a manner that 
the cable will not be damaged by normal building use. Such 
cables shall be supported by straps, staples, cable ties, 
hangers, or similar fittings designed and installed so as not 
to damage the cable. The installation shall also comply with 
300.4(D). [ROP 3-178] 

(B) Circuit Integrity (Cl) Cable. Circuit Integrity (Cl) 
cables shall be supported at a distance not exceeding 
610 mm (24 in.). Where located within 2.1 m (7 ft) of the 
floscls covetil in A(760.53)(l) and B(760.130)(l) as ap- 

'able, the cable shall be fastened in an approved manner 
't interjals of not miSre than 450 mm (18 in.). Cable sup- 
orts and fasteners shall be steel. [ROP 3-178] 

Abandoned Cables. The accessible portion of 
abandoned fire alarm cables shall be removed. Where 
cables We identified for future use with a tag, the tag shall 
be <W sufficient durability to withstand the environment in¬ 
volved. 

760.30 Fire Alarm Circuit Identification. Fire alarm cir¬ 
cuits shall be identified at terminal and junction locations in 
a manner that helps to prevent unintentional signals on fire 
alarm system circuit(s) during testing and servicing of other 
systems. 

760.32 Fire Alarm Circuits Extending Beyond One 

Building. Non-power-limited fire alarm circuits and 
power-limited fire alarm circuits that extend beyond one 
building and run outdoors shall meet the installation re¬ 
quirements of Parts II, III, and IV of Article 800 and shall 
meet the installation requirements of Part I of Article 300. 
[ROP 3-178a] 

Informational Note: An example of a protective device 
suitable to provide protection is a device tested to the re¬ 
quirements of ANSI/UL 497B, Protectors for Data Com¬ 
munications. [ROP 3-178a] 

760.35 Fire Alarm Circuit Requirements. Fire alarm cir¬ 
cuits shall comply with 760.35(A) and (B). 

(A) Non-Power-Limited Fire Alarm (NPLFA) Circuits. 

See Parts I and II. 

(B) Power-Limited Fire Alarm (PLFA) Circuits. See 
Parts I and III. 
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II. Non-Power-Limited Fire Alarm (NPLFA) Circuits 
760.41 NPLFA Circuit Power Source Requirements. 

(A) Power Source. The power source of non-power- 
limited fire alarm circuits shall comply with Chapters 1 
through 4, and the output voltage shall be not more than 
600 volts, nominal. The fire alarm circuit disconnect shall 
be permitted to be secured in the “on” position. 

(B) Branch Circuit. The branch circuit supplying the fire 
alarm equipment(s) shall supply no other loads. The loca¬ 
tion of the branch-circuit overcurrent protective device 
shall be permanently identified at the fire alarm control 
unit. The circuit disconnecting means shall have red iden¬ 
tification, shall be accessible only to qualified personnel, 
and shall be identified as “FIRE ALARM CIRCUIT.” The 
red identification shall not damage the overcurrent protec¬ 
tive devices or obscure the manufacturer’s markings. This 
branch circuit shall not be supplied through ground-fault 
circuit interrupters or arc-fault circuit-interrupters. 

Informational Note: See 210.8(A)(5), Exception, for re¬ 
ceptacles in dwelling-unit unfinished basements that supply 
power for fire alarm systems. 

760.43 NPLFA Circuit Overcurrent Protection. Over 
current protection for conductors 14 AWG and larger shall 
be provided in accordance with the conductor ampacity 
without applying the ampacity adjustment and correction 
factors of 310.15 to the ampacity calculation. Overcurrent 
protection shall not exceed 7 amperes for 18 AWG co 
tors and 10 amperes for 16 AWG conductor: 

Exception: Where other articles of th 
require other overcurrent protection. 

760.45 NPLFA Circuit Overcurrent DeviceSLocation. 

Overcurrent devices shall be located at the point where the 
conductor to be protected receives its” 

Exception No. 1: Where the overcurrent device protecting 
the larger conductor also protects the smaller conductor. 


output of a single-phase, listed electronic power source, 
other than a transformer, having only a 2-wire (single¬ 
voltage) output for connection to non-power-limited cir¬ 
cuits shall be permitted to be protected by overcurrent pro¬ 
tection provided on the input side of the electronic power 
source, provided this protection does not exceed the value 
determined by multiplying the non—power-limited circuit 
conductor ampacity by the output-to-input voltage ratio. 
Electronic power source outputs, other than 2-wire (single 
voltage), connected to non-power-limited circuits shall not 
be considered to be protected by overcurrent protection on 
the input of the electronic power source. 

Informational Note: A single-phase, listed electronic 
power supply whose output supplies a 2-wire (single¬ 
voltage) circuit is an example of a non-power-limited 
power source thayfaeets the requirements of 760.41. 



760.46 NPL] 

power-limitt 
with ll^B), 300.7, 
and other appropriate artic 


Wiring. Installation of non¬ 
circuits shall be in accordance 
, 300.15, 300.17, 300.19(B), 
of Chapter 3. 



Exception No. 1: As provided in 760.48 through 760.53. 
Exception No. 2: Where other articles of this Code require 

760.48 Conductors of Different Circuits in Same Cable, 
closure, or Raceway. 


Class 1 with NPLFA Circuits. Class 1 and non- 
^ver-limited fire alarm circuits shall be permitted to oc¬ 
cupy the same cable, enclosure, or raceway without regard 
to whether the individual circuits are alternating current or 
direct current, provided all conductors are insulated for the 
maximum voltage of any conductor in the enclosure or 
raceway. 

(B) Fire Alarm with Power-Supply Circuits. Power- 
supply and fire alarm circuit conductors shall be permitted 
in the same cable, enclosure, or raceway only where con¬ 
nected to the same equipment. 


Exception No. 2: Transformer secondary conductors. 
Non-power-limited fire alarm circuit conductors supplied 
by the secondary of a single-phase transformer that has 
only a 2-wire (single-voltage) secondary shall be permitted 
to be protected by overcurrent protection provided by the 
primary (supply) side of the transformer, provided the pro¬ 
tection is in accordance with 450.3 and does not exceed the 
value determined by multiplying the secondary conductor 
ampacity by the secondary-to-primary transformer voltage 
ratio. Transformer secondary conductors other than 2-wire 
shall not be considered to be protected by the primary 
overcurrent protection. 

Exception No. 3: Electronic power source output conduc¬ 
tors. Non—power-limited circuit conductors supplied by the 


760.49 NPLFA Circuit Conductors. 

(A) Sizes and Use. Only copper conductors shall be per¬ 
mitted to be used for fire alarm systems. Size 18 AWG and 
16 AWG conductors shall be permitted to be used, provided 
they supply loads that do not exceed the ampacities given 
in Table 402.5 and are installed in a raceway, an approved 
enclosure, or a listed cable. Conductors larger than 16 
AWG shall not supply loads greater than the ampacities 
given in 310.15, as applicable. 

(B) Insulation. Insulation on conductors shall be rated for 
the system voltage and not less than 600 volts. Conductors 
larger than 16 AWG shall comply with Article 310. Con- 
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ductors 18 AWG and 16 AWG shall be Type KF-2, KFF-2, 
PAFF, PTFF, PF, PFF, PGF, PGFF, RFH-2, RFHH-2, 
RFHH-3, SF-2, SFF-2, TF, TFF, TFN, TFFN, ZF, or ZFF. 
Conductors with other types and thickness of insulation 
shall be permitted if listed for non-power-limited fire alarm 
circuit use. [ROP 3-182] 

Informational Note: For application provisions, see Table 
402.3. 

(C) Conductor Materials. Conductors shall be solid or 
stranded copper. 


(1) In Raceways, Exposed on Ceilings or Sidewalls, or 
Fished in Concealed Spaces. Cable splices or terminations 
shall be made in listed fittings, boxes, enclosures, fire alarm 
devices, or utilization equipment. Where installed exposed, 
cables shall be adequately supported and installed in such a 
way that maximum protection against physical damage is 
afforded by building construction such as baseboards, door 
frames, ledges, and so forth. Where located within 2.1 m 
(7 ft) of the floor, cables shall be securely fastened in an 
approved manner at intervals of not more than 450 mm 
(18 in.). 


Exception to (B) and (C): Wire Types PAF and PTF shall be 
permitted only for high-temperature applications between 
90°C (194°F) and 250°C (482°F). 

760.51 Number of Conductors in Cable Trays and 
Raceways, and Ampacity Adjustment Factors. 

(A) NPFFA Circuits and Class 1 Circuits. Where only 
non-power-limited fire alarm circuit and Class 1 circuit 
conductors are in a raceway, the number of conductors shall 
be determined in accordance with 300.17. The ampacity 
adjustment factors given in 310.15(B)(3)(a) shall apply if 
such conductors carry continuous load in excess of 10 per¬ 
cent of the ampacity of each conductor. 

(B) Power-Supply Conductors and NPLFA Ci 
Conductors. Where power-supply conductors and 
power-limited fire alarm circuit conductor 
a raceway in accordance with 760.48 
ductors shall be determined in accori 
ampacity adjustment factors given in 
apply as follows: [ROP 3-1833g| 

(1) To all conductors wh»lne lire alarm circuit conduc¬ 
tors carry continuous loads in exc«s of I (^percent of 
the ampacity of each conductor and where the total 
number of conductors ignore than three 

(2) To the power-supply conductors only, where the fire 
alarm circuit conductors do noWarry continuous loads 
in excess of 10 percent of the ampacity of each con¬ 
ductor and where the number of power-supply conduc¬ 
tors is more than three 

(C) Cable Trays. Where fire alarm circuit conductors are 
installed in cable trays, they shall comply with 392.22 and 
392.80(A). 




(2) Passing Through a Floor or Wall. Cables shall be 
installed in metal raceway or rigid nonmetallic conduit 
where passing through a floor or wall to a height of 2.1 m 
(7 ft) above .the floor, unless adequate protection can be 
afforded by building construction such as detailed in 
760.53(A)(1), L or unless an equivalent solid guard is pro¬ 
vided 

In Iloistways.'-Cables shall be installed in rigid metal 
JEonduiMrigid nonmerallic conduit, intermediate metal con- 
juit^Jiquidtight flexible nonmetallic conduit, or electrical 
letallic tubing where installed in hoistways. 

Exception: As provided for in 620.21 for elevators and 
ar'Vquipment. 


(B) Applications of Listed NPLFA Cables. The use of 

non-power-limited fire alarm circuit cables shall comply 
with 760.53(B)(1) through (B)(4). 

(1) Ducts. Multiconductor non-power-limited fire alarm 
circuit cables. Types NPLFP, NPLFR, and NPLF, shall not 
be installed exposed in ducts. 

Informational Note: See 300.22(B). 

(2) Other Spaces Used for Environmental Air. Cables 
installed in other spaces used for environmental air shall be 
Type NPLFP. 

Exception No. 1: Types NPLFR and NPLF cables in¬ 
stalled in compliance with 300.22(C). 

Exception No. 2: Other wiring methods in accordance 
with 300.22(C) and conductors in compliance with 
760.49(C). 


760.53 Multiconductor NPLFA Cables. Multiconductor 
non-power-limited fire alarm cables that meet the require¬ 
ments of 760.176 shall be permitted to be used on fire 
alarm circuits operating at 150 volts or less and shall be 
installed in accordance with 760.53(A) and (B). 

(A) NPLFA Wiring Method. Multiconductor non-power- 
limited fire alarm circuit cables shall be installed in accor¬ 
dance with 760.53(A)(1), (A)(2), and (A)(3). 


Exception No. 3: Type NPLFP-CI cable shall be permitted 
to be installed to provide a 2-hour circuit integrity rated 
cable. 

(3) Riser. Cables installed in vertical runs and penetrating 
from floor to floor or cables installed in vertical runs in a 
shaft, shall be Type NPLFR. Floor penetrations requiring 
Type NPLFR shall contain only cables suitable for riser or 
plenum use. [ROP 3-193] 
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Exception No. 1: Type NPLF or other cables that are 
specified in Chapter 3 and are in compliance with 
760.49(C) and encased in metal raceway. 

Exception No. 2: Type NPLF cables located in a fireproof 
shaft having firestops at each floor. 


and shall be identified as “FIRE ALARM CIRCUIT.” The 
red identification shall not damage the overcurrent protec¬ 
tive devices or obscure the manufacturer’s markings. This 
branch circuit shall not be supplied through ground-fault 
circuit interrupters or arc-fault circuit interrupters. 


Informational Note: See 300.21 for firestop requirements 
for floor penetrations. 

Exception No. 3: Type NPLF-CI cable shall be permitted to 
be installed to provide a 2-hour circuit integrity rated 
cable. 

(4) Other Wiring Within Buildings. Cables installed in 
building locations other than the locations covered in 
760.53(B)(1), (B)(2), and (B)(3) shall be Type NPLF. 

Exception No. 1: Chapter 3 wiring methods with conduc¬ 
tors in compliance with 760.49(C). 

Exception No. 2: Type NPLFP or Type NPLFR cables 
shall be permitted. 

Exception No. 3: Type NPLFR-CI cable shall be permitted 
to be installed to provide a 2-hour circuit integrity rated 
cable. 

III. Power-Limited Fire Alarm (PLFA) Circuits 
760.121 Power Sources for PLFA Circuits. 


(A) Power Source. The power source for a po 
fire alarm circuit shall be as specified in 7' 

(A) (2), or (A)(3). 

Informational Note No. 1: Tables 12(A) an 
Chapter 9 provide the listing requirements for 
limited fire alarm circuit sources. 

Informational Note No. 2: See 210.8(A)(5), Exception, fflr 
receptacles in dwelling-unit unfimshed basements that sup¬ 
ply power for fire alarm systems. 

(1) A listed PLFA or Class 3 transfer 

(2) A listed PLFA or Class 3 power sup] 

(3) Listed equipment marked to identify the PLFA power 
source. 

Informational Note: Examples of listed equipment are a 
fire alarm control panel with integral power source; a cir¬ 
cuit card listed for use as a PLFA source, where used as part 
of a listed assembly; a current-limiting impedance, listed 
for the purpose or part of a listed product, used in conjunc¬ 
tion with a non-power-limited transformer or a stored en¬ 
ergy source, for example, storage battery, to limit the output 
current. 

(B) Branch Circuit. The branch circuit supplying the fire 
alarm equipment(s) shall supply no other loads. The loca¬ 
tion of the branch-circuit overcurrent protective device 
shall be permanently identified at the fire alarm control 
unit. The circuit disconnecting means shall have red iden¬ 
tification, shall be accessible only to qualified personnel. 



760.124 Circuit Marking. The equipment supplying 
PLFA circuits shall be durably marked where plainly vis¬ 
ible to indicate each circuit that is a power-limited fire 
alarm circuit. 

Informational Note: See 760.130(A), Exception No. 3, 
where a power-limited circuit is to be reclassified as a non¬ 
power-limited circuit. 

760.127 Wiring Methods on Supply Side of the PLFA 
Power Source. Conductors and equipment on the supply 
side of the power source shall be installed in accordance 
with the appropriate requirements of Part II and Chapters 1 
through 4. Wansformers or other devices supplied from 
power-supply conductors shall be protected by an overcur- 
rent .device ratgd not over 20 amperes. 

n;^m'he input leads of a transformer or other 
S mtree supplying power-limited fire alarm circuits 
itted to be smaller than 14 AWG, but not 
AWG, if they are not over 300 mm (12 in.) 
they have insulation that complies with 


.130 Wiring Methods and Materials on Load Side of 
PLFA Power Source. Fire alarm circuits on the load 
side of the power source shall be permitted to be installed 
using wiring methods and materials in accordance with 
760.130(A), (B), or a combination of (A) and (B). 

(A) NPLFA Wiring Methods and Materials. Installation 
shall be in accordance with 760.46, and conductors shall be 
solid or stranded copper. 

Exception No. 1: The ampacity adjustment factors given 
in 310.15(B)(3)(a) shall not apply. 

Exception No. 2: Conductors and multiconductor cables 
described in and installed in accordance with 760.49 and 
760.53 shall be permitted. 

Exception No. 3: Power-limited circuits shall be permitted 
to be reclassified and installed as non-power-limited cir¬ 
cuits if the power-limited fire alarm circuit markings re¬ 
quired by 760.124 are eliminated and the entire circuit is 
installed using the wiring methods and materials in accor¬ 
dance with Part II, Non-Power-Limited Fire Alarm 
Circuits. 

Informational Note: Power-limited circuits reclassified 
and installed as non-power-limited circuits are no longer 
power-limited circuits, regardless of the continued connec¬ 
tion to a power-limited source. 
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(B) PLFA Wiring Methods and Materials. Power-limited 
fire alarm conductors and cables described in 760.179 shall 
be installed as detailed in 760.130(B)(1), (B)(2), or (B)(3) 
of this section and 300.7. Devices shall be installed in ac¬ 
cordance with 110.3(B), 300.11(A), and 300.15. 

(1) In Raceways, Exposed on Ceilings or Sidewalls, or 
Fished in Concealed Spaces. Cable splices or terminations 
shall be made in listed fittings, boxes, enclosures, fire alarm 
devices, or utilization equipment. Where installed exposed, 
cables shall be adequately supported and installed in such a 
way that maximum protection against physical damage is 
afforded by building construction such as baseboards, door 
frames, ledges, and so forth. Where located within 2.1 m 
(7 ft) of the floor, cables shall be securely fastened in an 
approved manner at intervals of not more than 450 mm 
(18 in.). 

(2) Passing Through a Floor or Wall. Cables shall be 
installed in metal raceways or rigid nonmetallic conduit 
where passing through a floor or wall to a height of 2.1 m 
(7 ft) above the floor, unless adequate protection can be 
afforded by building construction such as detailed in 
760.130(B)(1), or unless an equivalent solid guard is pro¬ 
vided. 

(3) In Hoistways. Cables shall be installed in rigid 
conduit, rigid nonmetallic conduit, intermediate metal 
duit, or electrical metallic tubing where installed in hcfe 
ways. 

Exception: As provided for in 62®.% 
similar equipment. 

760.133 Installation of Conductors: knd Equipment in 
Cables, Compartments, Cable Trays, Enclosures, Man¬ 
holes, Outlet Boxes, Device Boxes, Raceways, and Cable 
Routing Assemblies for Power-Limited Circuits. Con¬ 
ductors and equipment for power-limited fire alarm circuits 
shall be installed in accordancc^jvith 760.136 through 
760.143. [ROP 3-171] 

760.136 Separation from Electric Light, Power, Class 1, 
NPLFA, and Medium-Power Network-Powered Broad¬ 
band Communications Circuit Conductors. 

(A) General. Power-limited fire alarm circuit cables and 
conductors shall not be placed in any cable, cable tray, 
compartment, enclosure, manhole, outlet box, device box, 
raceway, or similar fitting with conductors of electric light, 
power, Class 1, non-power-limited fire alarm circuits, and 
medium-power network-powered broadband communica¬ 
tions circuits unless permitted by 760.136(B) through (G). 

(B) Separated by Barriers. Power-limited fire alarm cir¬ 
cuit cables shall be permitted to be installed together with 
Class 1, non-power-limited fire alarm, and medium-power 




network-powered broadband communications circuits 
where they are separated by a barrier. 

(C) Raceways Within Enclosures. In enclosures, power- 
limited fire alarm circuits shall be permitted to be installed 
in a raceway within the enclosure to separate them from 
Class 1, non-power-limited fire alarm, and medium-power 
network-powered broadband communications circuits. 

(D) Associated Systems Within Enclosures. Power- 
limited fire alarm conductors in compartments, enclosures, 
device boxes, outlet boxes, or similar fittings shall be per¬ 
mitted to be installed with electric light, power, Class 1, 
non-power-limited fire alarm, and medium power network- 
powered broadband communications circuits where they 
are introduced solely to connect the equipment connected 
to power-limited fire alarm circuits, and comply with either 
of the following conditions: 

(1)^)” electric light, power. Class 1, non-power-limited 
re alarm, ami medium-power network-powered broad¬ 
band communications circuit conductors are routed to 
tain a minimum of 6 mm (0.25 in.) separation 
'em the conductors and cables of power-limited fire 
irm circuits. 

ircuit conductors operate at 150 volts or less to 
und and also comply with one of the following: 

The fire alarm power-limited circuits are installed 
using Type FPL, FPLR, FPLP, or permitted substi¬ 
tute cables, provided these power-limited cable con¬ 
ductors extending beyond the jacket are separated 
by a minimum of 6 mm (0.25 in.) or by a noncon- 
ductive sleeve or nonconductive barrier from all 
other conductors. 

b. The power-limited fire alarm circuit conductors are 
installed as non-power-limited circuits in accor¬ 
dance with 760.46. 

(E) Enclosures with Single Opening. Power-limited fire 
alarm circuit conductors entering compartments, enclo¬ 
sures, device boxes, outlet boxes, or similar fittings shall be 
permitted to be installed with electric light, power, Class 1, 
non-power-limited fire alarm, and medium-power network- 
powered broadband communications circuits where they 
are introduced solely to connect the equipment connected 
to power-limited fire alarm circuits or to other circuits con¬ 
trolled by the fire alarm system to which the other conduc¬ 
tors in the enclosure are connected. Where power-limited 
fire alarm circuit conductors must enter an enclosure that is 
provided with a single opening, they shall be permitted to 
enter through a single fitting (such as a tee), provided the 
conductors are separated from the conductors of the other 
circuits by a continuous and firmly fixed nonconductor, 
such as flexible tubing. 
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(F) In Hoistways. In hoistways, power-limited fire alarm 
circuit conductors shall be installed in rigid metal conduit, 
rigid nonmetallic conduit, intermediate metal conduit, liq- 
uidtight flexible nonmetallic conduit, or electrical metallic 
tubing. For elevators or similar equipment, these conduc¬ 
tors shall be permitted to be installed as provided in 620.21. 

(G) Other Applications. For other applications, power- 
limited fire alarm circuit conductors shall be separated by at 
least 50 mm (2 in.) from conductors of any electric light, 
power, Class 1, non-power-limited fire alarm, or medium- 
power network-powered broadband communications cir¬ 
cuits unless one of the following conditions is met: 

(1) Either (a) all of the electric light, power. Class 1, non- 
power-limited fire alarm, and medium-power network- 
powered broadband communications circuit conductors 
or (b) all of the power-limited fire alarm circuit con¬ 
ductors are in a raceway or in metal-sheathed, metal- 
clad, nonmetallic-sheathed, or Type UF cables. 

(2) All of the electric light, power, Class 1, non-power- 
limited fire alarm, and medium-power network- 
powered broadband communications circuit conductors 
are permanently separated from all of the power- 
limited fire alarm circuit conductors by a continuous 
and firmly fixed nonconductor, such as porcelain tubes’ 
or flexible tubing, in addition to the insulation on the 
conductors. 

760.139 Installation of Conductors of Di: 

Circuits, Class 2, Class 3, and Communi 
in the Same Cable, Enclosure, Cable Tray. 

Cable Routing Assembly. [ROP 3 

(A) Two or More PLFA Circuits. Cable and conductors 
of two or more power-limited fire alarm circuits, commu¬ 
nications circuits, or Class 3 circuits, shall be permitted 
within the same cable, enclosure, cable tray, raceway, or 
cable routing assembly. [ROP 3-171] 


ing assembly is at least that required by the power-limited 
fire alarm circuits. [ROP 3-171] 

(C) Low-Power Network-Powered Broadband Commu¬ 
nications Cables and PLFA Cables. Low-power network- 
powered broadband communications circuits shall be per¬ 
mitted in the same enclosure, cable tray, raceway, or cable 
routing assembly with PLFA cables. [ROP 3-171] 

(D) Audio System Circuits and PLFA Circuits. Audio 
system circuits described in 640.9(C) and installed using 
Class 2 or Class 3 wiring methods in compliance with 
725.133 and 725.154 shall not be permitted to be installed 
in the same cable, cable tray, raceway, or cable routing 
assembly with power limited conductors or cables. [ROP 
3-171] 

760.142 Conductor Size. Conductors of 26 AWG shall be 
permitted onj^p^kre spliced with a connector listed as 
suitable for 26 AWG to. 24 AWG or larger conductors that 
are terminated on equipment or where the 26 AWG conduc¬ 
tors are terminated on equipment listed as suitable for 26 
AWG conductors. Single conductors shall not be smaller 


than 18 AWG. 



.143 Support of Conductors. Power-limited fire alarm 
conductors shall not be strapped, taped, or attached 
s to the exterior of any conduit or other race- 
as a means of support. 


760.145 Current-Carrying Continuous Line-Type Fire 
tectors. 

(A) Application. Listed continuous line-type fire detec¬ 
tors, including insulated copper tubing of pneumatically 
operated detectors, employed for both detection and carry¬ 
ing signaling currents shall be permitted to be used in 
power-limited circuits. 

(B) Installation. Continuous line-type fire detectors shall 
be installed in accordance with 760.124 through 760.130 
and 760.133. 


(B) Class 2 Circuits with PLFA Circuits. Conductors of 
one or more Class 2 circuits shall be permitted within the 
same cable, enclosure, cable tray, raceway, or cable routing 
assembly with conductors of power-limited fire alarm cir¬ 
cuits, provided that the insulation of the Class 2 circuit 
conductors in the cable, enclosure, raceway, or cable rout¬ 


760.154 Applications of Listed PLFA Cables. PLFA 
cables shall comply with the requirements described in ei¬ 
ther 760.154(A), (B), or (C) and Table 760.154, or where 
cable substitutions are made as shown in 760.154(D). 

[ROP 3-202] 
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Table 760.154 Applications of Listed PLFA Cables in Buildings [ROP 3-202] 


Cable Type 


Applications 


FPLP & FPLP-CI 


FPLR 
& FPLR-CI 


FPL & FPL-CI 


In Fabricated Ducts as 
Described in 300.22(B) 


In fabricated ducts 

In metal raceway that complies 
with 300.22(B) 


Y* 

Y* 


N 

Y* 


N 

Y* 


In Other Spaces Used for 
Environmental Air as 
Described in 300.22(C) 


In other spaces used for 
environmental air 


Y* 


N 


N 




In riser cable routing assemblies 

Y* 

Y* 

N 


In one- and two-family dwellings 

Y* 

Y* 

Y* 

Within Buildings in Other Than 





Air-Handling Spaces and 

Risers 

General 

Y* 

Y* 

Y* 


Supported by cable trays 

Y* 

Y* 

Y* 


In any raceway recognized in 

Chapter 3 

Y* 

Y* 

Y* 


In plenum communications 
raceway 

Y* 

Y* 

Y* 


In plenum cable routing 
assemblies 

Y* 

Y* 

Y* 
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Table 760.154 Continued 



Cable Type 


Applications 

FPLP & FPLP-CI 

FPLR 
& FPLR-CI 

FPL & FPL-CI 

In riser communications raceways 

Y* 

Y* 

Y* 

In riser cable routing assemblies 

Y* 

Y* 

Y* 

In general-purpose 
communications raceways 

Y* 

Y* 

Y* 

In general-purpose cable routing 
assemblies 

Y* 

Y* 

Y* 


Note: An “N” in the table indicates that the cable type shall not be permitted to be installed in the application. A “Y*” indicates that the cable shall 
he permitted to be installed in the application, subject to the limitations described in 760.130 thro|@r760.145. 


(A) Plenum. Cables installed in ducts, plenums, and other 
spaces used for environmental air shall be Type FPLP. 
Types FPLP, FPLR, and FPL cables installed in compliance 
with 300.22 shall be permitted. Type FPLP-CI cable shall 
be permitted to be installed to provide a 2-hour circuit 
integrity rated cable. 

(B) Riser. Cables installed in risers shall be as described i 
either (1), (2), or (3): 

(1) Cables installed in vertical runs and penetrating floor to 
floor, or cables installed in vertical runs in 
be Type FPLR. Floor penetrations 
FPLR shall contain only cables suital 
plenum use. Type FPLR-CI cable shall 
be installed to provide a 2-hour circu it in 
cable. [ROP 3-206] 

(2) Other cables shall be installed in meta 
located in a fireproof shir 
floor. 

(3) Type FPL cable shall be permit' 
family dwellings. 


be permitted 
the exposed length 


ble Fire Alarm System. A portable fire alarm 
system pr tvided to protect a stage or set when not in use 
shall be permitted to use wiring methods in accordance 
with 530.1 





tailed in nonconcealed spaces where 
ble does not exceed 3 m (10 ft). 


eways or 
at each 

and two- 


Cable Substitutions. The substitutions 
rm 'tables listed in Table 760.154(D) and illus- 
fure 760.154(D) shall be permitted. Where sub¬ 
cables are installed, the wiring requirements of Ar- 
Ale 760, Parts I and Ill, shall apply. 

Informational Note: For information on communications 
cables (CMP CMR, CMG, CM), see 800.179. 


Multiconductor 

cables 


Informational Note: See 300.21 for firestop requirements 
for floor penetrations. 

(C) Other Wiring Within Buildings. Cables installed in 
building locations other than those covered in 760.154(A) 
or (B) shall be as described in either (C)(1), (C)(2), (C)(3), 
or (C)(4). Type FPL-CI cable shall be permitted to be in¬ 
stalled as described in either (C)(1), (C)(2), (C)(3), or 

(C)(4) to provide a 2-hour circuit integrity rated cable. 

(1) General. Type FPL shall be permitted. 

(2) In Raceways and Cable Routing Assemblies. Cables 
shall be permitted to be installed in raceways and cable 
routing assemblies. [ROP 3-171] 

(3) Nonconcealed Spaces. Cables specified in Chapter 3 
and meeting the requirements of 760.179(A) and (B) shall 



Type CM—Communications wires and cables 
Type FPL—Power-limited fire alarm cables 

[a] —* {b 1 Cable A shall be permitted to be used in place of Cable B. 
26 AWG minimum 

Figure 760.154(D) Cable Substitution Hierarchy. 


IV. Listing Requirements 

760.176 Listing and Marking of NPLFA Cables. Non¬ 
power-limited fire alarm cables installed as wiring within 


70-702 


NATIONAL ELECTRICAL CODE 2014 Edition 




















ARTICLE 760 — FIRE ALARM SYSTEMS 


760.176 


Table 760.154(D) Cable Substitutions 




Permitted 

Cable Type 

References 

Substitutions 

FPLP 

760.154(A) 

CMP 

FPLR 

760.154(B) 

CMP. FPLP, CMR 

FPL 

760.154(C) 

CMP, FPLP, CMR, 
FPLR, CMC, CM 


buildings shall be listed in accordance with 760.176(A) and 

(B) and as being resistant to the spread of fire in accordance 
with 760.176(C) through (F), and shall be marked in accor¬ 
dance with 760.176(G). Cable used in a wet location shall 


and other space used for environmental air, and shall also 
be listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical Tray 
Flame Test” in ANSI/UL 1685-2007 (Rev. 2010), Standard 
for Safety for Vertical-Tray Fire-Propagation and Smoke- 
Release Test for Electrical and Optical-Fiber Cables. The 
smoke measurements in the test method are not applicable. 
[ROP 3-141] 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 


be listed for use in wet locations or have a moisture- 
impervious metal sheath. 

(A) NPLFA Conductor Materials. Conductors shall be 18 
AWG or larger solid or stranded copper. 

(B) Insulated Conductors. Insulation on conductors shall 
be rated for the system voltage and not less than 600V. 
Insulated conductors 14 AWG and larger shall be one of the 
types listed in Table 310.104(A) or one that is identified for 
this use. Insulated conductors 18 AWG and 16 AWG shall 
be in accordance with 760.49. [ROP 3-207] 

(C) Type NPLFP. Type NPLFP non-power-limited 'll 
alarm cable for use in other space used for environmen 
air shall be listed as being suitable fwmke in other spai 
used for environmental air as descri^E in 300.22(C) andt 
shall also be listed as having adequate fire-resistant and low 
smoke-producing characterise 


Informational Note: Oni 
low smoke-producing 
the cable exhibits a maxi' 
or less, an average optical 
maximum flame spread distani 
when tested in accordance with 




a cable that is 
t cable is that 
ensity of 0.50 
or less, and a 
(5 ft) or less 
62-2011, Standard 


Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 3-164] 


(F) Fire Alarm Circuit Integrity (Cl) Cable or Electri¬ 
cal Circuit Protective System. Cables that are used for 
survivability of critical circuits under fire conditions shall 
meet either (F)(1) or (F)(2) as follows: [ROP 3-208] 

(IJPrcuit Integrity (Cl) Cables. Circuit Integrity (Cl) 
' es, specified in 760.176(C), (D), and (E), and used for 
'survivability of critical circuits shall have the additional 
lassification using the suffix “-CI”. Circuit integrity (Cl) 
s shall only be permitted to be installed in a raceway 
where specifically listed and marked as part of an electrical 
circuit protective system as covered in (F)(2). [ROP 3-208] 

ectrical Circuit Protective System. Cables, speci¬ 
fied in 760.176(C), (D), (E), and (F)(1), that are part of an 
electrical circuit protective system shall be identified with 
the protective system number and hourly rating printed on 
the outer jacket of the cable and shall be installed in accor¬ 
dance with the listing of the protective system. [ROP 
3-208] 

Informational Note No. 1: Fire alarm circuit integrity (Cl) 
cable and electrical circuit protective systems may be used 
for fire alarm circuits to comply with the survivability re¬ 
quirements of NFPA 72- 2010, National Fire Alarm and Sig¬ 
naling Code , 12.4.3 and 12.4.4, that the circuit maintain its 
electrical function during fire conditions for a defined pe¬ 
riod of time. [ROP 3-209] 


(D) Type NPLFR. Type NPLFR non-power-limited fire 
alarm riser cable shall be listed as being suitable for use in 
a vertical run in a shaft or from floor to floor and shall also 
be listed as having fire-resistant characteristics capable of 
preventing the carrying of fire from floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass ANSI/UL 1666- 
2007 (Rev. 2011), Test for Flame Propagation Height of 
Electrical and Optical-Fiber Cables Installed Vertically in 
Shafts. [ROP 3-141] 

(E) Type NPLF. Type NPLF non-power-limited fire alarm 
cable shall be listed as being suitable for general-purpose 
fire alarm use, with the exception of risers, ducts, plenums, 


Informational Note No. 2: One method of defining circuit 
integrity (Cl) cable or an Electrical Circuit Protective Sys¬ 
tem is by establishing a minimum 2-hour fire resistive rat¬ 
ing when tested in accordance with UL 2196-2001 (Rev. 
2006), Standard for Tests of Fire Resistive Cables. [ROP 
3-208, ROP 3-141] 

Informational Note No. 3: UL guide information for elec¬ 
trical circuit protective systems (FHIT) contains informa¬ 
tion on proper installation requirements to maintain the fire 
rating. [ROP 3-208] 

(G) NPLFA Cable Markings. Multiconductor non- 
power-limited fire alarm cables shall be marked in accor¬ 
dance with Table 760.176(G). Non-power-limited fire 
alarm circuit cables shall be permitted to be marked with a 
maximum usage voltage rating of 150 volts. Cables that are 
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listed for circuit integrity shall be identified with the suffix 
“Cl” as defined in 760.176(F). 

Informational Note: Cable types are listed in descending 
order of fire resistance rating. 


(E) Type FPLR. Type FPLR power-limited fire alarm riser 
cable shall be listed as being suitable for use in a vertical 
run in a shaft or from floor to floor and shall also be listed 
as having fire-resistant characteristics capable of preventing 
the carrying of fire from floor to floor. 


Table 760.176(G) NPLFA Cable Markings 


Cable 

Marking 

Type 

Reference 

NPLFP 

Non-power-limited fire 

760.176(C) and 


alarm circuit cable for use 

(G) 


in “other space used for 
environmental air” 


NPLFR 

Non-power-limited fire 

760.176(D) and 


alarm circuit riser cable 

(G) 

NPLF 

Non-power-limited fire 

760.176(E) and 


alarm circuit cable 

(G) 


Note: Cables identified in 760.176(C), (D), and (E) and meeting the 
requirements for circuit integrity shall have the additional classifica¬ 
tion using the suffix “Cl” (for example, NPLFP-CI, NPLFR-CI, and 
NPLF-CI). 


760.179 Listing and Marking of PLFA Cables and In¬ 
sulated Continuous Line-Type Fire Detectors. PLF 

cables installed as wiring within buildings shall be listed as 
being resistant to the spread of fire and other criteria in 
accordance with 760.179(A) through (H) and shall be 
marked in accordance with 760.179(1). Insulated co 
ous line-type fire detectors shall be listed in accordai e 
with 760.179(J). Cable used in a wet location shall be lis 
for use in wet locations or have a moisture-imperV 
metal sheath. 


(A) Conductor Materials. C, 

stranded copper. 

(B) Conductor Size. The size of conductors jfca multicon¬ 
ductor cable shall not be smaller than 26 AWG. Single 
conductors shall not be smaller than 18 AwG. 

(C) Ratings. The cable shall have a voltage rating of not 



Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSI/UL 1666-2007 (Rev. 2011), Standard Test for 
Flame Propagation Height of Electrical and Optical-Fiber 
Cable Installed Vertically in Shafts. [ROP 3-141] 

(F) Type FPL. Type FPL power-limited fire alarm cable 
shall be listed as being suitable for general-purpose fire 
alarm use, with the exception of risers, ducts, plenums, and 
other spaces used for environmental air, and shall also be 
listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of theWay in the iTJL Flame Exposure, Vertical Tray 
Flam^^Kt” in ANSI/ULJ^85-2007 (Rev. 2010), Standard 
for^Kfiety for Vertical-T^^^ire-Propagation and Smoke- 
Release TestMor Electricalzind Optical-Fiber Cables. The 
smoke measurements in the test method are not applicable. 
[ROP 3-141] 

Another method of defining resistant to the spread of 
re is for the damage (char length) not to exceed 1.5 m (4 ft 
when performing the CSA “Vertical Flame Test — 
able Trays,” as described in CSA C22.2 No. 

1, Test Methods for Electrical Wires and Cables. 



Fire Alarm Circuit Integrity (Cl) Cable or Electri- 
Circuit Protective System. Cables that are used for 
iirvivability of critical circuits under fire conditions shall 
meet either (G)(1) or (G)(2) as follows: [ROP 3-210] 

(1) Circuit Integrity (Cl) Cables. Circuit Integrity (Cl) 
cables, specified in 760.179(D), (E), (F) and (H), and used 
for survivability of critical circuits shall have the additional 
classification using the suffix “-CI”. Circuit integrity (Cl) 
cables shall only be permitted to be installed in a raceway 
where specifically listed and marked as part of an electrical 
circuit protective system as covered in (G)(2). [ROP 
3-210] 


less than 300 volts. 

(D) Type FPLP. Type FPLP power-limited fire alarm ple¬ 
num cable shall be listed as being suitable for use in ducts, 
plenums, and other space used for environmental air and 
shall also be listed as having adequate fire-resistant and low 
smoke-producing characteristics. 

Informational Note: One method of defining a cable that is 
low smoke-producing cable and fire-resistant cable is that 
the cable exhibits a maximum peak optical density of 0.50 
or less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2011, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 3-164] 


(2) Electrical Circuit Protective System. Cables, speci¬ 
fied in 760.179(D), (E), (F), (H), and (G)(1), that are part of 
an Electrical Circuit Protective System, shall be identified 
with the protective system number and hourly rating 
printed on the outer jacket of the cable and shall be in¬ 
stalled in accordance with the listing of the protective sys¬ 
tem. [ROP 3-210] 

Informational Note No. 1: Fire alarm circuit integrity (Cl) 
cable and electrical circuit protective systems may be used 
for fire alarm circuits to comply with the survivability re¬ 
quirements of NFPA 72-2010, National Fire Alarm and Sig¬ 
naling Code, 12.4.3 and 12.4.4, that the circuit maintain its 
electrical function during fire conditions for a defined pe¬ 
riod of time. [ROP 3-211] 
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Informational Note No. 2: One method of defining circuit 
integrity (Cl) cable or an Electrical Circuit Protective Sys¬ 
tem is by establishing a minimum 2-hour fire resistive rat¬ 
ing when tested in accordance with UL 2196-2001 (Rev. 
2006), Standard for Tests of Fire Resistive Cables. [ROP 
3-210, ROP 3-141] 

Informational Note No. 3: UL guide information for elec¬ 
trical circuit protective systems (FHIT) contains informa¬ 
tion on proper installation requirements to maintain the fire 
rating. [ROP 3-210] 


the term bonding conductor or the term grounding elec¬ 
trode conductor (GEC), where applicable, to more accu¬ 
rately reflect the application and function of the conductor. 

See Informational Note Figure 800(a) and Informa¬ 
tional Note Figure 800(b) for illustrative application of a 
bonding conductor or grounding electrode conductor. 
[ROP 16-21] 


I. General 


(H) Coaxial Cables. Coaxial cables shall be permitted to 
use 30 percent conductivity copper-covered steel center 
conductor wire and shall be listed as Type FPLP, FPLR, or 
FPL cable. 


770.1 Scope. The provisions of this article apply to the 
installation of optical fiber cables, raceways, and cable 
routing assemblies. This article does not cover the construc¬ 
tion of optical fiber cables and raceways. 


(I) Cable Marking. The cable shall be marked in accor¬ 
dance with Table 760.179(1). The voltage rating shall not be 
marked on the cable. Cables that are listed for circuit integ¬ 
rity shall be identified with the suffix Cl as defined in 
760.179(G). 

Informational Note: Voltage ratings on cables may be mis¬ 
interpreted to suggest that the cables may be suitable for 
Class 1, electric light, and power applications. 

Exception: Voltage markings shall be permitted where the 
cable has multiple listings and voltage marking is required 
for one or more of the listings. 

Table 760.179(1) Cable Markings 


Cable Marking 


FPLP 

Power-limit 

ed fire 



plenum cab 



FPLR 

Power-limit 

ed fire 

alarm riser 


a cable 



FPL 

/Power-limit 

ed fiiS 

alarm cable 


Note: Cables identified in 760.179(D), (E), an||F) as meeting the 
requirements for circuit integrity shall have the additional classifica¬ 
tion using the suffix “Cl” (for exat^^^fPLPT^/FPLR-CI, and FPL- 
CI). 


770.2 Definite 

of this artifi 

[rop n 


ins. See Part I of Article 100. For purposes 
the following additional definitions apply. 



Abandoned Optical Fiber Cable. Installed optical fiber 
that is not tmiainated at equipment other than a con- 
tid not identified for future use with a tag. 

ational Note: See Part I of Article 100 for a defini- 
of Equipment. [ROP 16-25] 

touting Assembly. A single channel or connected 
channels, as well as associated fittings, forming a 
fural system that is used to support, route and protect 
high densities of wires and cables, typically communica¬ 
tions wires and cables, optical fiber and data (Class 2 and 
Class 3) cables associated with information technology and 
communications equipment. 

Cable Sheath. A covering over the optical fiber assembly 
that includes one or more jackets and may include one or 
more metallic members or strength members. 

Composite Optical Fiber Cable. A cable containing opti¬ 
cal fibers and current-carrying electrical conductors. 


Informational Note: Cable types are listed in descending 
order of fire-resistance rating. 

(J) Insulated Continuous Line-Type Fire Detectors. In¬ 
sulated continuous line-type fire detectors shall be rated in 
accordance with 760.179(C), listed as being resistant to the 
spread of fire in accordance with 760.179(D) through (F), 
marked in accordance with 760.179(1), and the jacket com¬ 
pound shall have a high degree of abrasion resistance. 


ARTICLE 770 

Optical Fiber Cables and Raceways 


Informational Note: The general term grounding conduc¬ 
tor as previously used in this article is replaced by either 


Conductive Optical Fiber Cable. A factory assembly of 
one or more optical fibers having an overall covering and 
containing non-current-carrying conductive member(s) 
such as metallic strength member(s), metallic vapor barri¬ 
ers), metallic armor or metallic sheath. 

Electrical Circuit Protective System. A system consisting 
of components and materials intended for installation as 
protection for specific electrical wiring systems, with re¬ 
spect to the disruption of electrical circuit integrity upon 
exterior fire exposure. [ROP 16-26a] 

Exposed (to Accidental Contact). A conductive optical 
fiber cable in such a position that, in case of failure of 
supports or insulation, contact between the cable’s non- 
current-carrying conductive members and an electrical cir¬ 
cuit may result. 
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Informational Note: See Part I of Article 100 for two other 
definitions of Exposed. [ROP 16-27] 

Innerduct. A nonmetallic raceway placed within a larger 
raceway. [ROP 16-28] 

Nonconductive Optical Fiber Cable. A factory assembly 
of one or more optical fibers having an overall covering and 
containing no electrically conductive materials. 

Optical Fiber Cable. A factory assembly or field assembly 
of one or more optical fibers having an overall covering. 

[ROP 16-29], 

Informational Note: A field-assembled optical fiber cable 
is an assembly of one or more optical fibers within a jacket. 
The jacket, without optical fibers, is installed in a manner 
similar to conduit or raceway. Once the jacket is installed, 
the optical fibers are inserted into the jacket, completing the 
cable assembly. [ROP 16-30] 

[ROP 16-15] 

Point of Entrance. The point within a building at which 
the optical fiber cable emerges from an external wall, from 
a concrete floor slab, from rigid metal conduit (RMC) or 
intermediate metal conduit (IMC). [ROP 16-31] 

770.3 Other Articles. Installations of optical fiber cables 
and raceways shall comply with 770.3(A) and (B). Only 
those sections of Chapter 2 and Article 300 refergjBged in 
this article shall apply to optical fiber cables and racewais. 

(A) Hazardous (Classified) Locations. Listed optical fi¬ 
ber cables shall be permitted to be installed in hazardous 
(classified) locations. The cables shall be sealed in accor¬ 
dance with the requirements of 501.15. 502.15, 505.16, or 
506.16, as applicable. 

(B) Cables in Ducts for Dust, Loose Stock, or Vapor 
Removal. The requirements of 300.22(A) for wiring sys¬ 
tems shall apply to conductive optical fiber cables. [ROP 
16-36] 

(C) Composite Cables. Composite optical fiber cables 
shall be classified as electrical cables in accordance with 
the type of electrical conductors. They shall be constructed, 
listed, and marked in accordance with the appropriate ar¬ 
ticle for each type of electrical cable. 

(D) Cable Routing Assemblies. The applications in Table 
800.154(c), and installation rules in 800.110 and 800.113 
shall apply to Article 770. [ROP 16-37] 

770.12 Innerduct for Optical Liber Cables. Listed ple¬ 
num communications raceway, listed riser communications 
raceway, and listed general-purpose communications race¬ 
way selected in accordance with the provisions of Table 
800.154(b) shall be permitted to be installed as innerduct in 


any type of listed raceway permitted in Chapter 3. [ROP 
16-38a] 

770.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of optical fiber 
cables that prevents removal of panels, including suspended 
ceiling panels. 

770.24 Mechanical Execution of Work. Optical fiber 
cables shall be installed in a neat and workmanlike manner. 
Cables installed exposed on the surface of ceilings and 
sidewalls shall be supported by the building structure in 
such a manner that the cable will not be damaged by nor¬ 
mal building use. Such cables shall be secured by hardware 
including straps, staples, cable ties, hangers, or similar fit¬ 
tings designed and installed so as not to damage the cable. 
The installation shall also conform with 300.4(D) and 
300.11. Cab|e ties used to secure optical fiber plenum 
cables iufothcr space used for environmental air (plenums) 
shall be listed as having m»smoke and heat release prop¬ 
erties. 


770.25 Abandoned Cables. The accessible portion of 
abandoned optical fiber cables shall be removed. Where 
cables are identified for future use with a tag, the tag shall 
be of sufficient durability to withstand the environment in¬ 
volved. 

770.26 Spread of Fire or Products of Combustion. In¬ 
stallations of optical fiber cables and raceways in hollow 
spaces, vertical shafts, and ventilation or air-handling ducts 
shall be made so that the possible spread of fire or products 
of combustion will not be substantially increased. Openings 
around penetrations of optical fiber cables and raceways 
through fire-resistant-rated walls, partitions, floors, or ceil¬ 
ings shall be firestopped using approved methods to main¬ 
tain the fire resistance rating. 

Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many listing installation restrictions necessary to maintain 
the fire-resistive rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire- 
resistance-rated wall assembly. An example is the 600-mm 



Informational Note No. 1: Accepted industry practices are 
descrSJd in ANSI/NECA/BICSI 568-2006, Standard for 
nstallingUammercial Building Telecommunications Ca- 
.NSI/NECA/FOA 301-2009, Standard for Installing 
Fiber Optic Cables; and other ANSI-approved 
nstallation standards. [ROP 16-43] 


Informational Note No. 2: See 4.3.11.2.6.5 and 
^4.3.11.5.5.6 of NFPA 90A-2012, Standard for the Installa¬ 
tion of Air-Conditioning and Ventilating Systems , for dis¬ 
crete combustible components installed in accordance with 
300.22(C). [ROP 16-44] 


70-706 


NATIONAL ELECTRICAL CODE 2014 Edition 



ARTICLE 770 — OPTICAL FIBER CABLES AND RACEWAYS 


770.100 


(24-in.) minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. As¬ 
sistance in complying with 770.26 can be found in building 
codes, fire resistance directories, and product listings. 


II. Cables Outside and Entering Buildings 

770.47 Underground Optical Fiber Cables Entering 
Buildings. Underground optical fiber cables entering build¬ 
ings shall comply with 770.47(A) through (B). [ROP 
16-46] 

(A) Underground Systems with Electric Light, Power, 
Class 1 or Non-Power-Limited Fire Alarm Circuit Con¬ 
ductors. Underground conductive optical fiber cables en¬ 
tering buildings with electric light, power, Class 1, or non¬ 
power-limited fire alarm circuit conductors in a raceway, 
handhole enclosure, or manhole shall be located in a sec¬ 
tion separated from such conductors by means of brick, 
concrete, or tile partitions or by means of a suitable barrier. 
[ROP 16-46] 

(B) Direct-Buried Cables and Raceways. Direct-buried 
conductive optical fiber cables shall be separated by at least 
300 mm (12 in.) from conductors of any electric light, 
power, or non-power-limited fire alarm circuit com 
or Class 1 circuit. [ROP 16-46] 

Exception No. 1: Where electric service conductors' 
installed in raceways or have metal cable armor. 

16-46] 

Exception No. 2: Where electric light or power branch- 
circuit or feeder conductors, non-power-limited fire a'larni 
circuit conductors, or Class N circuit con^Ktors are in¬ 
stalled in a raceway or iu | nretal-slieathed, metal-clad, or 
Type UF or Type USE < ahles. [ROP 16—461 



770.48 Unlisted Cables ar 
ings. 


(ntering Build- 


(A) Conductive and NonconduCtive Cables. Unlisted 
conductive and nonconductive outside plant optical fiber 
cables shall be permitted to be installed in building spaces, 
other than risers, ducts used for environmental air, plenums 
used for environmental air, and other spaces used for envi¬ 
ronmental air, where the length of the cable within the 
building, measured from its point of entrance, does not 
exceed 15 m (50 ft) and the cable enters the building from 
the outside and is terminated in an enclosure. 

Informational Note No. 1: Splice cases or terminal boxes, 
both metallic and plastic types, typically are used as enclo¬ 
sures for splicing or terminating optical fiber cables. 

Informational Note No. 2: See 770.2 for the definition of 
Point of Entrance. 

(B) Nonconductive Cables in Raceway. Unlisted noncon¬ 
ductive outside plant optical fiber cables shall be permitted 



to enter the building from the outside and run in any of the 
following raceways: 

(1) Intermediate metal conduit (IMC) 

(2) Rigid metal conduit (RMC) 

(3) Rigid polyvinyl chloride conduit (PVC) 

(4) Electrical metallic tubing (EMT) 

[ROP 16-47] 

770.49 Metallic Entrance Conduit Grounding. Rigid 
metal conduit (RMC) or intermediate metal conduit (IMC) 
containing optical fiber entrance cable shall be connected 
by a bonding conductor or grounding electrode conductor 
to a grounding electrode in accordance with 770.100(B). 
[ROP 16-48] 


III. 

770.93 Grounding or Interruption of Non-Current- 
Carrying Metallic Members of Optical Fiber Cables. 

fiber cables entering the building or terminating on 
e of the building shall comply with 770.93(A) or 

ntering Buildings. In installations where an optical 
fiber cable is exposed to contact with electric light or power 
rs and the cable enters the building, the non- 
t-carrying metallic members shall be either grounded 
as specified in 770.100, or interrupted by an insulating joint 
or equivalent device. The grounding or interruption shall be 
as close as practicable to the point of entrance. 

(B) Terminating On the Outside of Buildings. In instal¬ 
lations where an optical fiber cable is exposed to contact 
with electric light or power conductors and the cable is 
terminated on the outside of the building, the non-current¬ 
carrying metallic members shall be either grounded as 
specified in 770.100, or interrupted by an insulating joint or 
equivalent device. The grounding or interruption shall be as 
close as practicable to the point of termination of the cable. 

Informational Note: See 770.2 for a definition of Point of 
Entrance. [ROP 16-49] 


IV. Grounding Methods 

770.100 Entrance Cable Bonding and Grounding. 

Where required, the non-current-carrying metallic mem¬ 
bers of optical fiber cables entering buildings shall be 
bonded or grounded as specified in 770.100(A) through 
(D). 

(A) Bonding Conductor or Grounding Electrode Con¬ 
ductor. 

(1) Insulation. The bonding conductor or grounding elec¬ 
trode conductor shall be listed and shall be permitted to be 
insulated, covered, or bare. 
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(2) Material. The bonding conductor or grounding elec¬ 
trode conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG. It shall have a 
current-carrying capacity not less than that of the grounded 
metallic member(s). The bonding conductor or grounding 
electrode conductor shall not be required to exceed 6 AWG. 

(4) Length. The bonding conductor or grounding electrode 
conductor shall be as short as practicable. In one- and two- 
family dwellings, the bonding conductor or grounding elec¬ 
trode conductor shall be as short as practicable, not to ex¬ 
ceed 6.0 m (20 ft) in length. [ROP 16-50] 

Informational Note: Similar bonding conductor or ground¬ 
ing electrode conductor length limitations applied at apart¬ 
ment buildings and commercial buildings help to reduce 
voltages that may be developed between the building’s 
power and communications systems during lightning 
events. [ROP 16-50] 

Exception: In one- and two-family dwellings where it is 
not practicable to achieve an overall maximum bonding 
conductor or grounding electrode conductor length of 6.0 
m (20 ft), a separate ground rod meeting the minimun 
dimensional criteria of 770.100(B)(3)(2) shall be driven, 
the grounding electrode conductor shall be connected to 
the separate ground rod in accordance with 770.100(C), 
and the separate ground rod shall be bonded to the power 
grounding electrode system in accordance wj0,770.100(D). 
[ROP 16-50] 

(5) Run in Straight Line. The 

grounding electrode conductor s 
line as practicable. 

(6) Physical Protection. Bondin^tij&nductors and ground¬ 
ing electrode conductors shall be protected where exposed 
to physical damage. Where the bonding conductor or 
grounding electrode conductor is installed in a metal race¬ 
way, both ends of the raceway shall be bonded to the con¬ 
tained conductor or to the same terminal or electrode to 
which the bonding conductor or grounding electrode con¬ 
ductor is connected. [ROP 16-51] 

(B) Electrode. The bonding conductor and grounding 
electrode conductor shall be connected in accordance with 
770.100(B)(1), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as required by 
250.94, the bonding conductor shall be connected to the 
intersystem bonding termination. [ROP 16-53] 

Informational Note: See Part I of Article 100 for the defi¬ 
nition of Intersystem Bonding Termination. [ROP 16-52] 



(2) In Buildings or Structures with Grounding Means. 

If the building or structure served has no intersystem bond¬ 
ing termination, the bonding conductor or grounding elec¬ 
trode conductor shall be connected to the nearest accessible 
location on the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to enclo¬ 
sures as covered in 250.94 

(4) The nonflexible metallic power service raceway 

(5) The service equipment enclosure 

(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure of the power ser¬ 
vice, or 

(7) The grpnriding electrode conductor or the grounding 
elejftocle of a building or structure disconnecting 

ans that is groundeiLfo an electrode as covered in 
L0.32 mOP 16-56] 

(3) In Buildings or Structures Without Intersystem 
onding Termination or Grounding Means. If the build¬ 
ing or structure' served has no intersystem bonding termi¬ 
nation or grounding means, as described in 770.100(B)(2), 
grounding electrode conductor shall be connected to 
either of the following: 

To any one of the individual grounding electrodes de¬ 
scribed in 250.52(A)(1), (A)(2), (A)(3), or (A)(4). 

[ROP 16-54] 

(2) If the building or structure served has no grounding 
means, as described in 770.100(B)(2) or (B)(3)(l), to 
any one of the individual grounding electrodes de¬ 
scribed in 250.52(A)(7) and (A)(8) or to a ground rod 
or pipe not less than 1.5 m (5 ft) in length and 12.7 mm 
( 1/2 in.) in diameter, driven, where practicable, into per¬ 
manently damp earth and separated from lightning con¬ 
ductors as covered in 800.53 and at least 1.8 m (6 ft) 
from electrodes of other systems. Steam or hot water 
pipes or air terminal conductors (lightning-rod conduc¬ 
tors) shall not be employed as electrodes for non¬ 
current-carrying metallic members. [ROP 16-55] 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected be¬ 
tween the grounding electrode and power grounding elec¬ 
trode system at the building or structure served where sepa¬ 
rate electrodes are used. 

Exception: At mobile homes as covered in 770.106. 
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Informational Note No. 1: See 250.60 for use of air ter¬ 
minals (lightning rods). 

Informational Note No. 2: Bonding together of all sepa¬ 
rate electrodes limits potential differences between them 
and between their associated wiring systems. 

770.106 Grounding and Bonding of Entrance Cables at 
Mobile Homes. 


(B) Raceway Fill for Optical Fiber Cables. Raceway fill 
for optical fiber cables shall comply with either (B)(1) or 
(B)(2). 

(1) Without Electric Eight or Power Conductors. Where 
optical fiber cables are installed in raceway without electric 
light or power conductors, the raceway fill requirements of 
Chapters 3 and 9 shall not apply. 


(A) Grounding. Grounding shall comply with 
770.106(A)(1) and (A)(2). 

(1) Where there is no mobile home service equipment lo¬ 
cated within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the non-current-carrying metal¬ 
lic members of optical fiber cables entering the mobile 
home shall be grounded in accordance with 
770.100(B)(3). 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
9.0 m (30 ft) of the exterior wall of the mobile home it 
serves, the non-current-carrying metallic members of 
optical fiber cables entering the mobile home shall be 
grounded in accordance with 770.100(B)(3). 

(B) Bonding. The grounding electrode shall be bom 
the metal frame or available grounding terminal of tl 
bile home with a copper conductor not smaller tha$| : 12 
AWG under either of the following conditio: 

(1) Where there is no mobile home service equipment 
disconnecting means as in 770.106(A) 

(2) Where the mobile home is supp 



(2) Nonconductive Optical Fiber Cables with Electric 
Light or Power Conductors. Where nonconductive optical 
fiber cables are installed with electric light or power con¬ 
ductors in a raceway, the raceway fill requirements of 
Chapters 3 and 9 shall apply. 

(C) Cable Routing Assemblies. Communications wires 
and cables dpll be permitted to be installed in plenum 
cable routing assemblies, riser cable routing assemblies and 
general-purpose cable routing assemblies selected in accor- 
danp^whh the provisions of 800.113 and Table 800.154(c) 
installed in accordance with (1) and (2). [ROP 16-57] 

1) Horizontal Support. Cable routing assemblies shall be 
upported where run horizontally at intervals not to exceed 
m (3 ft), and at each end or joint, unless listed for 
other support intervals. In no case shall the distance be- 
.tweert supports exceed 3 m (10 ft). [ROP 16-57] 

r ertical Support. Vertical runs of cable routing assem¬ 
blies shall be securely supported at intervals not exceeding 
1.2 m (4 ft), unless listed for other support intervals, and 
shall not have more than one joint between supports. [ROP 

16-57] 


V. Installation Methods 

770.110 Raceways and Gable Routing Assemblies for 
Optical Fiber Cables. [ROJ* 16-57] 

(A) Types of Raceways. Optical fiber cables shall be per¬ 
mitted to be installed in any raceway that complies with 
either (A)(1) or (A)(2) ), and in cable routing assemblies 
installed in compliance with (C). [ROP 16-57] 

(1) Raceways Recognized in Chapter 3. Optical fiber 
cables shall be permitted to be installed in any raceway 
included in Chapter 3. The raceways shall be installed in 
accordance with the requirements of Chapter 3. 

(2) Communications Raceways. Optical fiber cables shall 
be permitted to be installed in listed plenum communica¬ 
tions raceways, listed riser communications raceways, and 
listed general-purpose communications raceways selected 
in accordance with the provisions of 770.113, 800.110, and 
800.113, and installed in accordance with 362.24 through 
362.56, where the requirements applicable to electrical 
nonmetallic tubing (ENT) apply. [ROP 16-57, ROP 
16-58] 


770.113 Installation of Optical Fiber Cables. Installation 
of optical fiber cables shall comply with 770.113(A) 
through (J). Installation of raceways shall comply with 
770.110. [ROP 16-62] 

(A) Listing. Optical fiber cables installed in buildings shall 
be listed. [ROP 16-62] 

Exception: Optical fiber cables that comply with 770.48 
shall not be required to be listed. 

(B) Fabricated Ducts Used for Environmental Air. The 

following cables shall be permitted in ducts, as described in 
300.22(B) if they are directly associated with the air distri¬ 
bution system: 

(1) Up to 1.22 m (4 ft) of Types OFNP and OFCP cables 

(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in raceways that are 
installed in compliance with 300.22(B) 

Informational Note: For information on fire protection of 
wiring installed in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2012, Standard for the Installation 
of Air-Conditioning and Ventilating Systems. [ROP 16-62] 
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(C) Other Spaces Used For Environmental Air (Ple¬ 
nums). The following cables shall be permitted in other 
spaces used for environmental air as described in 
300.22(C): [ROP 16-62] 

(1) Types OFNP and OFCP cables [ROP 16-62] 

(2) Types OFNP and OFCP cables installed in plenum 
communications raceways [ROP 16-62] 

(3) Types OFNP and OFCP cables supported by open me¬ 
tallic cable trays or cable tray systems [ROP 16-62] 


(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-62] 

Informational Note: See 770.26 for firestop requirements 
for floor penetrations. 


(4) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in raceways that are 
installed in compliance with 300.22(C) 

(5) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables supported by solid bottom metal 
cable trays with solid metal covers in other spaces used 
for environmental air (plenums) as described in 
300.22(C) [ROP 16-62] 

(6) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in plenum communica¬ 
tions raceways, riser communications raceways or 
general-purpose communications raceways supported 
by solid bottom metal cable trays with solid metal cov¬ 
ers in other spaces used for environmental air (ple¬ 
nums) as described in 300.22(C) [ROP 16-62] 


Informational Note No. 1: For information on fire protec 
tion of wiring installed in other spaces used for environ¬ 
mental air, see 4.3.11.2, 4.3.11.4, and 4.3. 

NFPA 90A-2012, Standard for the Installatiaffif At, 
Conditioning and Ventilating Systems. [ROP 16-62] 

Informational Note No. 2: See 800.110 am 
installation requirements for cable rou ting assei 
communications raceways. [ROP 1 

(D) Risers — Cables, Raceways and Cable Routing^s- 
semblies in Vertical Runs. The* following cables shall be 
permitted in vertical runs penetrating one or more floors 
and in vertical runs in a shaft: 

(1) Types OFNP, OFCP, OFNR, and OFCR cables 

(2) Types OFNP, OFCP, OFNR, and OFCR cables installed 
in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

[ROP 16-62] 

Informational Note: See 770.26 for firestop requirements 
for floor penetrations. 

(E) Risers — Cables in Metal Raceways. The following 
cables shall be permitted in metal raceways in a riser hav¬ 
ing firestops at each floor: 

(1) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 



(F) Risers — Cables in Fireproof Shafts. The following 
cables shall be permitted to be installed in fireproof riser 
shafts having firestops at each floor: 

(1) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 

(2) Types OFNP, OFCP. OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

inications raceways 
ting assemblies 
communications raceways 
tble routing assemblies 
-purpose communications raceways 
■purpose cable routing assemblies 


tioriaFNote: See 770.26 for firestop requirements 
netrations. 

) Risers — One- and Two-Family Dwellings. The fol- 
owing cables shall be permitted in one- and two-family 
ellings: 

(1) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 

(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

[ROP 16-62] 

(H) Cable Trays. The following cables shall be permitted 
to be supported by cable trays: 

(I) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 

(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-62] 
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(I) Distributing Frames and Cross-Connect Arrays. The 

following cables shall be permitted to be installed in dis¬ 
tributing frames and cross-connect arrays: 

(1) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 

(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

[ROP 16-62] 

(J) Other Building Locations. The following cables shall 
be permitted to be installed in building locations other than 
the locations covered in 770.113(B) through (I): 

(1) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables 

(2) Types OFNP, OFCP, OFNR, OFCR, OFNG, OFCG, 
OFN, and OFC cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications 

f. General-purpose cable routing 

(3) Types OFNP, OFCP, OFNR, 

OFN, and OFC cables installed in': 
recognized in Chapter 3 

[ROP 16-62] 

770.114 Grounding. N? m—c u rre n t - c a rry i n g conductive 
members of optical fiber cables shall be bonded to a 
grounded equipment rack or enclosureror grounded in ac¬ 
cordance with the grounding methods specified by 
770.100(B)(2). 

770.133 Installation of Optical Fibers and Electrical 
Conductors. 

(A) With Conductors for Electric Light, Power, Class 1, 
Non-Power-Limited Fire Alarm, or Medium Power 
Network-Powered Broadband Communications Cir¬ 
cuits. When optical fibers are within the same composite 
cable for electric light, power, Class 1, non-power-limited 
fire alarm, or medium-power network-powered broadband 
communications circuits operating at 1000 volts or less, 
they shall be permitted to be installed only where the func¬ 
tions of the optical fibers and the electrical conductors are 
associated. [ROP 16-66] 

Nonconductive optical fiber cables shall be permitted to 
occupy the same cable tray or raceway with conductors for 



electric light, power, Class 1, non-power-limited fire alarm, 
Type ITC, or medium-power network-powered broadband 
communications circuits, operating at 1000 volts or less. 
Conductive optical fiber cables shall not be permitted to 
occupy the same cable tray or raceway with conductors for 
electric light, power, Class 1, non-power-limited fire alarm, 
Type ITC, or medium-power network-powered broadband 
communications circuits. [ROP 16-66] 

Optical fibers in composite optical fiber cables contain¬ 
ing only current-carrying conductors for electric light, 
power. Class 1 circuits rated 1000 volts or less shall be 
permitted to occupy the same cabinet, cable tray, outlet 
box, panel, raceway, or other termination enclosure with 
conductors for electric light, power, or Class 1 circuits op¬ 
erating at 1000 volts or less. [ROP 16-66] 

Nonconductive optical fiber cables shall not be permit¬ 
ted to occupythe same cabinet, outlet box, panel, or similar 
enclosure housing the electrical terminations of an electric 
>ower,^B^s 1, non-power-limited fire alarm, or 
um-power network-powered broadband communica- 
circuit. 

vn No. 1: Occupancy of the same cabinet, outlet 
r panel, or similar enclosure shall be permitted where 
nonconductive optical fiber cable is functionally associated 
lectric light, power, Class 1, non-power-limited 
rm, or medium-power network-powered broadband 
communications circuit. 


Exception No. 2: Occupancy of the same cabinet, outlet 
box, panel, or similar enclosure shall be permitted where 
nonconductive optical fiber cables are installed in factory- 
or field-assembled control centers. 

Exception No. 3: In industrial establishments only, where 
conditions of maintenance and supen’ision ensure that only 
qualified persons service the installation, nonconductive 
optical fiber cables shall be permitted with circuits exceed¬ 
ing 1000 volts. [ROP 16-66] 

Exception No. 4: In industrial establishments only, where 
conditions of maintenance and supen’ision ensure that only 
qualified persons sendee the installation, optical fibers in 
composite optical fiber cables containing current-carrying 
conductors operating over 1000 volts shall be permitted to 
be installed. [ROP 16-66] 

Exception No. 5: Where all of the conductors of electric 
light, power. Class 1, nonpower-limited fire alarm, and 
medium-power network-powered broadband communica¬ 
tions circuits are separated from all of the optical fiber 
cables by a permanent barrier or listed divider. 

(B) With Communications Cables. Optical fibers shall be 
permitted in the same cable, and conductive and noncon¬ 
ductive optical fiber cables shall be permitted in the same 
raceway, cable tray, box, enclosure, or cable routing assem¬ 
bly, with conductors of any of the following: [ROP 16-67] 
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(1) Communications circuits in compliance with Parts I 
and V of Article 800 [ROP 16-67] 

(2) Community antenna television and radio distribution 
systems in compliance with Parts I and V of Article 

820 [ROP 16-67] 

(3) Low-power network-powered broadband communica¬ 
tions circuits in compliance with Parts I and V of Ar¬ 
ticle 830 [ROP 16-67] 

(C) With Other Circuits. Optical fibers shall be permitted 
in the same cable, and conductive and nonconductive opti¬ 
cal fiber cables shall be permitted in the same raceway, 
cable tray, box, enclosure, or cable routing assembly, with 
conductors of any of the following: [ROP 16-67, ROP 
16-68, ROP 16-69] 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Article 645 
or Parts I and III of Article 725. [ROP 16-69] 


(2) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 

(D) Support of Cables. Raceways shall be used for their 
intended purpose. Optical fiber cables shall not be strapped, 
taped, or attached by any means to the exterior of any 
conduit or raceway as a means of support. 

Exception: Overhead (aerial) spans of optical fiber cables 
shall be permitted to be attached to the exterior of a 
raceway-type mast intended for the attachment and support 
of such cables. 

770.154 Applications of Listed Optical Fiber Cables. 

Permitted and nonpermitted applications of listed optical 
fiber cables shall be as indicated in Table 770.154(a). The 
permitted application shall be subject to the installation 
requirements of 7707110 and 770.113. The substitutions for 
optical fiber cables in Table 770.154(b) and illustrated in 
Figure 77Q.L54 shall be permitted. [ROP 16-71] 


Table 770.154(a) Applications of Listed Optical Fiber Cables in Buildin: 



Applications 


Cable Type 

OFNP, O F CP OFNR, OFCR OFNG, OFCG, OFN, OFC 

15 


In Specifically Fabricated 
Ducts as Described in 
300.22(B) 


In fabricated ducts 

In metal raceway that 

complies with 300.22(I^gp|^^ 


N 

Y* 


In other spaces used 



environmental and . 

In metal raceway that 
complies with 300.22(C) 

In plenum 

w v* 

Y* 

N 

Y* 

N 

Y* 

In Other Spaces Used for 

communications raceways 

Y* 

N 

N 

Environmental Air as 

In plenum cable routing 




Described in 300.22(C) 

assemblies 


NOT PERMITTED 



SupportedTsy open metal 
cable trays A, A / 

Y* 

N 

N 


Supported by solid 
bottom metal cable trays 
with solid metal covers 

Y* 

Y* 

Y* 


In vertical runs 

Y* 

Y* 

N 


In metal raceways 

Y* 

Y* 

Y* 


In fireproof shafts 

In plenum 

Y* 

Y* 

Y* 


communications raceways 

In plenum cable routing 

Y* 

Y* 

N 

In Risers 

assemblies 

In riser communications 

Y* 

Y* 

N 


raceways 

Y* 

Y* 

N 


In riser cable routing 
assemblies 

Y* 

Y* 

N 


In one- and two-family 
dwellings 

Y* 

Y* 

Y* 
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Table 770.154(a) Continued 


Applications 


Cable Type 

OFNP, OFCP OFNR, OFCR OFNG, OFCG, OFN, OFC 


General 

Supported by cable trays 

In distributing frames and 
cross connect arrays 

In any raceway 
recognized in Chapter 3 

In plenum 

communications raceways 

Within Buildings in other 

than Air-Handling Spaces In plenum cable routing 
and Risers assemblies 

In riser communications 
raceways 

In riser cable routing 
assemblies 

In general-purpose 
communications raceways 

In general-purpose cable 
routing assembl^gj 


Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

. Y* 

Y* 

Y* 

y* 

Y* 

/ 

Y* 

Y* 


> Y* 

Y* 


^ Y* 

Y* 

* 

Y* 

Y* 



Note: An ‘N’ in the table indicates that the ( 
be permitted to be installed in the applicatij 
Informational Note 1: Part V of Article 770’ 
cables and raceways, and cable routin^assembTl 
have not emerged from the rigid aietal conduit i 
16-73] 

Informational Note No. 2: f&jr information on the.restriMons to the installation of optical fiber cables in fabricated ducts see 770.113(B). 
Informational Note No. 3: Cable routing assemblies are not addressed in NFPA-90A 2012, Standard for the Installation of Air Conditioning and 
Ventilation Systems. 


not be pspnitted to be installed in the application. A ‘Y*’ indicates that the cable shall 
' described in 770.110 and 770.113. 

Bids within buildings. This table covers the applications of listed optical fiber 
i buildings. The definition of point of entrance is in 770.2. Optical fiber entrance cables that 
nediate metal conduit (IMC) are not considered to be in the building. [ROP 16-72, ROP 


Table 770.154(b) Cable Substitution 


Cable Type 

Permitted Substitutions 

OFNP 

None 

OFCP 

OFNP 

OFNR 

OFNP 

OFCR 

OFNP, OFCP, OFNR 

OFNG, OFN 

OFNP, OFNR 

OFCG, OFC 

OFNP, OFCP, OFNR. OFCR, OFNG, OFN 


VI. Listing Requirements 

770.179 Optical Fiber Cables. Optical fiber cables shall 
be listed in accordance with 770.179(A) through (F) and 
shall be marked in accordance with Table 770.179. In ad¬ 
dition, the overall covering of a field-assembled optical fi¬ 
ber cable shall have a surface marking indicating the spe¬ 
cific optical fiber conductors with which it is listed and the 


optical fiber conductors shall have a permanent marking 
such as a marker tape indicating the overall covering with 
which they are listed. The overall covering of a field- 
assembled optical fiber cable shall meet the listing require¬ 
ments for optical fiber raceways in 179.82. Optical fiber 
cables shall have a temperature rating of not less than 60°C 
(140°F). [ROP 16-75] 
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Nonconductive Conductive 



[a] — «- [b1 Cable A shall be permitted to be used in place of Cable B. 

Figure 770.154 Cable Substitution Hierarchy. 

(A) Types OFNP and OFCP. Types OFNP and OFCP 
nonconductive and conductive optical fiber plenum cables 
shall be listed as being suitable for use in ducts, plenums, 
and other space used for environmental air and shall also be 
listed as having adequate fire resistant and low smoke pro¬ 
ducing characteristics. 

Informational Note: One method of defining a cable that is 
low smoke producing cable and fire-resistant cable is that 
the cable exhibits a maximum peak optical density of 0.50 
or less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2011, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 16- 
16-78] 


(B) Types OFNR and OFCR. Types O 
nonconductive and conductive optical fibe: 
shall be listed as being suitable for 
shaft or from floor to floor and sh; 
the fire-resistant characteristic, 
carrying of fire from floor to 11 

Informational Note: One method o 
characteristics capable of preventing 
from floor to floor is that the cables 
of ANSI/UL 1666-2011, Standard Test for Flame Propaga 
tion Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. [ROP 16-76] 



esistant 
of fire 
equirements 


being suitable for general-purpose use, with the exception 
of risers, plenums, and other spaces used for environmental 
air, and shall also be listed as being resistant to the spread 
of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical Tray 
Flame Test” in ANSI/UL 1685-2010, Standard for Safety 
for Vertical-Tray Fire-Propagation and Smoke-Release Test 
for Electrical and Optical-Fiber Cables. The smoke mea¬ 
surements in the test method are not applicable. [ROP 
16-76] 

Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 




OF' 
OFNR 
OFCR 



NonWhductive optical fiber plenum 
cable 

Conductive optical fiber plenum cable 
Nonconductive optical fiber riser cable 
Conductive optical fiber riser cable 
Nonconductive optical fiber 
general-purpose cable 
Conductive optical fiber 
general-purpose cable 
Nonconductive optical fiber 
general-purpose cable 
Conductive optical fiber 
general-purpose cable 


Informational Note: Cable types are listed in descending 
order of fire resistance rating. Within each fire resistance 
rating, nonconductive cable is listed first because it may 
substitute for the conductive cable. 

(E) Circuit Integrity (Cl) Cable or Electrical Circuit 
Protective System. Cables that are used for survivability of 
critical circuits under fire conditions shall meet either 
(E)(1) or (E)(2) as follows: [ROP 16-26a] 


(C) Types OFNG and OFCG. Types OFNG and OFCG 
nonconductive and conductive general-purpose optical fiber 
cables shall be listed as being suitable for general-purpose 
use, with the exception of risers and plenums, and shall also 
be listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is for the damage (char length) not to 
exceed 1.5 m (4 ft 11 in.) when performing the CSA “Ver¬ 
tical Flame Test — Cables in Cable Trays,” as described in 
CSA C22.2 No. 0.3-M-2001, Test Methods for Electrical 
Wires and Cables. 

(D) Types OFN and OFC. Types OFN and OFC noncon¬ 
ductive and conductive optical fiber cables shall be listed as 


(1) Circuit Integrity (Cl) Cables. Circuit Integrity (Cl) 
cables, specified in 770.179(A) through (D), and used for 
survivability of critical circuits shall have the additional 
classification using the suffix “-CI”. Circuit integrity (Cl) 
cables suitable for use in raceways shall be listed and 
marked specifically as part of an electrical circuit protective 
system as covered in (E)(2). [ROP 16-26a] 

Informational Note: Circuit integrity cables without the 
suffix "-Cl" are tested and designed to be installed in free 
air. A Circuit Integrity cable with the suffix “-CI” that is 
tested for use in conduit will have an additional marking as 
part of a listed electrical circuit protective system. [ROP 
16-26a] 
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(2) Electrical Circuit Protective System. Cables, speci¬ 
fied in 770.179(A) through (E), that are part of an electrical 
circuit protective system, shall be identified with the pro¬ 
tective system number and hourly rating printed on the 
outer jacket of the cable. [ROP 16-26a] 


purpose) and shall be marked in accordance with Table 
770.179. 

(2) The jacket of a field-assembled optical fiber cable shall 
have a surface marking indicating the specific optical 
fibers with which it is listed for use. 


Informational Note No. 1: One method of defining circuit 
integrity (Cl) cable or an electrical circuit protective system 
is by establishing a minimum 2-hour fire-resistive rating 
when tested in accordance with UL 2196-2001 (Rev. 2006), 
Standard for Tests of Fire Resistive Cables. [ROP 16-26a] 

Informational Note No. 2: The listing organization pro¬ 
vides information for electrical circuit protective systems 
(FHIT), including installation requirements to maintain the 
fire rating. [ROP 16-26a] 


(3) The optical fibers shall have a permanent marking, 
such as a marker tape, indicating the jacket with which 
they are listed for use. 

(4) The jacket without fibers shall meet the listing require¬ 
ments for communications raceways in 800.182(A) 
plenum, (B) riser or (C) general-purpose in accordance 
with the cable marking. 

[ROP 16-75] 


(F) Field-Assembled Optical Fiber Cables. Field- 
assembled optical fiber cable shall comply with 
770.179(F)(1) through (4). 

(1) The specific combination of jacket and optical fibers 
intended to be installed as a field-assembled optical 
fiber cable shall be listed in accordance with 
770.179(A) (plenum), (B) (riser) or (D) (general- 



770.180 Grounding Devices. Where bonding or ground¬ 
ing is regdEd, devices used to connect a shield, sheath or 
non-current-carrying metallic members of a cable to a 
ng conductor, or grounding electrode conductor shall 
or be part of listed equipment. [ROP 16-80] 

t- 81 ] 
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Chapter 8 Communications Systems 


ARTICLE 800 
Communications Circuits 


Informational Note: The general term grounding conduc¬ 
tor as previously used in this article is replaced by either 
the term bonding conductor or the term grounding elec¬ 
trode conductor (GEC), where applicable, to more accu¬ 
rately reflect the application and function of the conductor. 
See Informational Note Figure 800(a) and Informational 
Note Figure 800(b). 


Service 

equipment 


Power service 
grounding electrode 
conductor 


Informational Note Figure 800(a) 
Term Bonding Conductor Used in 
tion. 



Power service 
grounding electrode 
conductor 


Grounding electrodes 

Informational Note Figure 800(b) Example of the Use of the 
Term Grounding Electrode Conductor Used in a Communica¬ 
tions Installation. 


I. General 

800.1 Scope. This article covers communications circuits 
and equipment. 

Informational Note No. 1: See 90.2(B)(4) for installations 
of communications circuits and equipment that are not 
covered. 

Informational Note No. 2: For further information for 
remote-control, signaling, and power-limited circuits, see 
Article 725. 

Informational Note No. 3: For further information for fire 
alarm systems, see ^rticle 760. 

800.2 Definitions. See Part I of Article 100. For the pur¬ 
poses of this article, the following additional definitions 
apply. IR^rT6-821 

Abandoned Communications Cable. Installed communi¬ 
cations cable that is not terminated at both ends at a con¬ 
nector or other equipment and not identified for future use 
with a^ 

prmational Note: See Part I of Article 100 for a defini- 
utyrnent. [ROP 16-83] 

ck. A square or portion of a city, town, or village en- 
by streets and including the alleys so enclosed, but 
Of any street. 

Cable. A factory assembly of two or more conductors hav¬ 
ing an overall covering. 

Cable Routing Assembly A single channel or connected 
multiple channels, as well as associated fittings, forming a 
structural system that is used to support, route and protect 
high densities of wires and cables, typically communica¬ 
tions wires and cables, optical fiber and data (Class 2 and 
Class 3) cables associated with information technology and 
communications equipment. [ROP 16-23] 

Cable Sheath. A covering over the conductor assembly 
that may include one or more metallic members, strength 
members, or jackets. 

Communications Circuit. The circuit that extends voice, 
audio, video, data, interactive services, telegraph (except 
radio), outside wiring for fire alarm and burglar alarm from 
the communications utility to the customer’s communica¬ 
tions equipment up to and including terminal equipment 
such as a telephone, fax machine, or answering machine. 

Communications Circuit Integrity (Cl) Cable. Cable 
used in communications systems to ensure continued op¬ 
eration of critical circuits during a specified time under fire 
conditions. 
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Communications Raceway. An enclosed channel of non- 
metallic materials designed expressly for holding wires and 
cables, typically communications wires and cables, optical 
fiber and data (Class 2 and Class 3), in plenum, riser, and 
general-purpose applications. [ROP 16-85] 

Electrical Circuit Protective System A system consisting 
of components and materials intended for installation as 
protection for specific electrical wiring systems, with re¬ 
spect to the disruption of electrical circuit integrity upon 
exterior fire exposure. [ROP 16-85a] 

Exposed (to Accidental Contact). A circuit that is in such 
a position that, in case of failure of supports or insulation, 
contact with another circuit may result. 

Informational Note: See Part I of Article 100 for two other 
definitions of Exposed. [ROP 16-86] 

Innerduct A nonmetallic raceway placed within a larger 
raceway. [ROP 16-87] 

Point of Entrance. The point within a building at which 
the wire or cable emerges from an external wall, from a 
concrete floor slab, or from a rigid metal conduit (Type 
RMC) or an intermediate metal conduit (Type IMC). [ROP 
16-88] 

Premises. The land and buildings of a user located 
user side of the utility-user network point of demarcate 

Wire. A factory assembly of one or mi 
tors without an overall covering. 


800.3 Other Articles. 

(A) Hazardous (Class 
circuits and equipment i 
fled in accordance with 500T 
the applicable requirements o 




ommnrncations 
n that is classi- 
all comply with 


(B) Wiring in Ducts for Dust, Loose Stock, or Vapor 
Removal. The requirements of 300.22(A) shall apply. 

(C) Equipment in Other Space Used for Environmental 
Air. The requirements of 300.22(C)(3) shall apply. [ROP 
16-91] 


(G) Optical Fiber Cable. Where optical fiber cable is 
used, either in whole or in part, to provide a communica¬ 
tions circuit within a building, Article 770 shall apply to the 
installation of the optical fiber portion of the communica¬ 
tions circuit. 

[ROP 16-93] 

800.12 Innerduct. Listed plenum communications race¬ 
way, listed riser communications raceway, and listed 
general-purpose communications raceway selected in ac¬ 
cordance with the provisions of 800.154 shall be permitted 
to be installed as innerduct in any type of listed raceway 
permitted in Chapter 3. [ROP 16-97] 

800.18 Installation of Equipment. Equipment electrically 
connected t<va communications network shall be listed in 
accordance with 800.170. [ROP 16-92] 

Exception: This listing requirement shall not apply to test 
equipment thaRis intended for temporary connection to a 
Fcommiinicatioh smie twork by qualified persons during 
le course of instalWtion, maintenance, or repair of tele- 
tttications equipment or systems. 




Access to Electrical Equipment Behind Panels 
to Allow Access. Access to electrical equipment 
6! be denied by an accumulation of communications 
and cables that prevents removal of panels, including 
suspended ceiling panels. 

800.24 Mechanical Execution of Work. Communications 
circuits and equipment shall be installed in a neat and 
workmanlike manner. Cables installed exposed on the sur¬ 
face of ceilings and sidewalls shall be supported by the 
building structure in such a manner that the cable will not 
be damaged by normal building use. Such cables shall be 
secured by hardware, including straps, staples, cable ties, 
hangers, or similar fittings designed and installed so as not 
to damage the cable. The installation shall also conform to 
300.4(D) and 300.11. Cable ties used to secure communi¬ 
cations plenum cables in other space used for environmen¬ 
tal air (plenums) shall be listed as having low smoke and 
heat release properties. [ROP 16-99, ROP 16-100, ROP 
16-101] 


(D) Installation and Use. The requirements of 110.3(B) 
shall apply. [ROP 16-92] 

(E) Network-Powered Broadband Communications 
Systems. Article 830 shall apply to network-powered 
broadband communications systems. 

(F) Premises-Powered Broadband Communications 
Systems. Article 840 shall apply to premises-powered 
broadband communications systems. 


Informational Note No. 1: Accepted industry practices are 
described in ANSI/NECA/BICSI 568-2006, Standard for 
Installing Commercial Building Telecommunications Ca¬ 
bling-, ANSI/TIA/EIA-568-B. 1-2004 — Part 1, General Re¬ 
quirements Commercial Building Telecommunications Ca¬ 
bling Standard; ANSI/TIA-569-B-2004, Commercial 
Building Standard for Telecommunications Pathways and 
Spaces-, ANSI/TIA-570-B, Residential Telecommunications 
Infrastructure, and other ANSI-approved installation 
standards. 

Informational Note No. 2: See 4.3.11.2.6.5 and 
4.3.11.5.5.6 of NFPA 90A-2012, Standard for the Installa- 
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tion of Air-Conditioning and Ventilating Systems, for dis¬ 
crete combustible components installed in accordance with 
300.22(C). [ROP 16-102] 

800.25 Abandoned Cables. The accessible portion of 
abandoned communications cables shall be removed. 
Where cables are identified for future use with a tag, the tag 
shall be of sufficient durability to withstand the environ¬ 
ment involved. 


(4) Clearance. Supply service drops and sets of overhead 
service conductors of 0-750 volts running above and par¬ 
allel to communications service drops shall have a mini¬ 
mum separation of 300 mm (12 in.) at any point in the 
span, including the point of and at their attachment to the 
building, provided the ungrounded conductors are insulated 
and that a clearance of not less than 1.0 m (40 in.) is 
maintained between the two services at the pole. [ROP 
16-96] 


800.26 Spread of Fire or Products of Combustion. In¬ 
stallations of communications cables, communications 
raceways and cable routing assemblies in hollow spaces, 
vertical shafts, and ventilation or air-handling ducts shall be 
made so that the possible spread of fire or products of 
combustion will not be substantially increased. Openings 
around penetrations of communications cables, communi¬ 
cations raceways and cable routing assemblies through fire- 
resistant-rated walls, partitions, floors, or ceilings shall be 
firestopped using approved methods to maintain the fire 
resistance rating. [ROP 16-103] 

Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many listing installation restrictions necessary to maintain 
the fire-resistive rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire 
resistance-rated wall assembly. An example is the 600jjjm 
(24 in.) minimum horizontal separation that usually 
between boxes installed on opposite sides of th 
sistance in complying with 800.26 can be found in builditj 
codes, fire resistance directories, and producnlisti 


800.44 Overhead (Aerial) Communications Wires and 
Cables. Overhead (aerial) communications wires and 
cables entering buildings shall comply with 800.44(A) and 
(B). 

(A) On Poles and In-Span. Where communications wires 
and cables and electric light or power conductors are sup¬ 
ported by the same pole or are run parallel to each other 
in-span, the conditions described in 800.44(A)(1) through 
(A)(4) shall be met. 

(1) Relative Location. Where practicable, the communica¬ 
tions wires and cables shall be located below the electric 
light or power conductors. 

(2) Attachment to Cross-Arms. Communications wires 
and cables shall not be attached to a cross-arm that carries 
electric light or power conductors. 

(3) Climbing Space. The climbing space through commu¬ 
nications wires and cables shall comply with the require¬ 
ments of 225.14(D). 


(B) Above Roofs. Communications wires and cables shall 
have a vertical clearance of not less than 2.5 m (8 ft) from 
all points of roofs above which they pass. 

Exception No. 1: Auxiliary buildings, such as garages and 
the like. 

Exception No. 2:^Jreduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm 
(18 in.) shal&e perniltjed if (a) not more than 1.2 m (4 ft) 
of communications servic^drop conductors pass above the 
roof overhang and (b) thNt flkbj re terminated at a through- or 
ab(we-1he-roQ$fKiceway or approved support. 

ExccptionNo. 3: Where the roof has a slope of not less 
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in 
igiranceAw not less than 900 mm (3 ft) shall be permitted. 

nal Note: For additional information regarding 
SverhearT)aerial) wires and cables, see ANSI C2-2007, Na¬ 
tional Electric Safety Code, Part 2, Safety Rules for Over¬ 
head Lines. 

500.47 Underground Communications Wires and 
Cables Entering Buildings. Underground communications 
wires and cables entering buildings shall comply with 
800.47(A) and (B). The requirements of 310.10(C) shall 
not apply to communications wires and cables. 

(A) With Electric Light or Power Conductors. Under¬ 
ground communications wires and cables in a raceway, 
handhole enclosure, or manhole containing electric light, 
power, Class 1, or non-power-limited fire alarm circuit 
conductors shall be in a section separated from such con¬ 
ductors by means of brick, concrete, or tile partitions or by 
means of a suitable barrier. 

(B) Underground Block Distribution. Where the entire 
street circuit is run underground and the circuit within the 
block is placed so as to be free from the likelihood of 
accidental contact with electric light or power circuits of 
over 300 volts to ground, the insulation requirements of 
800.50(A) and (C) shall not apply, insulating supports shall 
not be required for the conductors, and bushings shall not 
be required where the conductors enter the building. 

800.48 Unlisted Cables Entering Buildings. Unlisted 
outside plant communications cables shall be permitted to 
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be installed in building spaces other than risers, ducts used 
for environmental air, plenums used for environmental air, 
and other spaces used for environmental air, where the 
length of the cable within the building, measured from its 
point of entrance, does not exceed 15 m (50 ft) and the 
cable enters the building from the outside and is terminated 
in an enclosure or on a listed primary protector. 

Informational Note No. 1: Splice cases or terminal boxes, 
both metallic and plastic types, are typically used as enclo¬ 
sures for splicing or terminating telephone cables. 

Informational Note No. 2: This section limits the length of 
unlisted outside plant cable to 15 m (50 ft), while 
800.90(B) requires that the primary protector be located as 
close as practicable to the point at which the cable enters 
the building. Therefore, in installations requiring a primary 
protector, the outside plant cable may not be permitted to 
extend 15 m (50 ft) into the building if it is practicable to 
place the primary protector closer than 15 m (50 ft) to the 
point of entrance. [ROP 16-279] 

Informational Note No. 3: See 800.2 for the definition of 
Point of Entrance. 

800.49 Metallic Entrance Conduit Grounding. Rigid 
metal conduit (RMC) or intermediate metal conduit (IMC) 
containing communications entrance wire or cable si 
connected by a bonding conductor or grounding electrode 
conductor to a grounding electrode in accordance with 
800.100(B). [ROP 16-104] 

800.50 Circuits Requiring Primal 

that require primary protectors as pro 
comply with 800.50(A), (B), at 


(A) Insulation, Wires, and Cable! 

wires and cables without a metallic shiel 
last outdoor support to the primary protej 
in accordance with 800.173. 




Communications 
inning from the 
|r, shall be listed 


(B) On Buildings. Communications wires and cables in 
accordance with 800.50(A) shall be separated at least 
100 mm (4 in.) from electric light or power conductors not 
in a raceway or cable or be permanently separated from 
conductors of the other systems by a continuous and firmly 
fixed nonconductor in addition to the insulation on the 
wires, such as porcelain tubes or flexible tubing. Commu¬ 
nications wires and cables in accordance with 800.50(A) 
exposed to accidental contact with electric light and power 
conductors operating at over 300 volts to ground and at¬ 
tached to buildings shall be separated from woodwork by 
being supported on glass, porcelain, or other insulating ma¬ 
terial. 

Exception: Separation from woodwork shall not be re¬ 
quired where fuses are omitted as provided for in 
800.90(A)(1), or where conductors are used to extend cir¬ 


cuits to a building from a cable having a grounded metal 
sheath. 

(C) Entering Buildings. Where a primary protector is in¬ 
stalled inside the building, the communications wires and 
cables shall enter the building either through a noncombus¬ 
tible, nonabsorbent insulating bushing or through a metal 
raceway. The insulating bushing shall not be required 
where the entering communications wires and cables (1) 
are in metal-sheathed cable, (2) pass through masonry, (3) 
meet the requirements of 800.50(A) and fuses are omitted 
as provided in 800.90(A)(1), or (4) meet the requirements 
of 800.50(A) and are used to extend circuits to a building 
from a cable having a grounded metallic sheath. Raceways 
or bushings shall slope upward from the outside or, where 
this cannot btyipne, drip loops shall be formed in the com¬ 
munications wires and cables immediately before they en¬ 
ter the building. 

Raceways shall be equipped with an approved service 
head; More than one communications wire and cable shall 
permitted to enter through a single raceway or bushing. 
3onduitS\or other mxmtl raceways located ahead of the pri- 
iary protector shall be grounded. 

Lightning Conductors. Where practicable, a sepa¬ 
ration©! at least 1.8 m (6 ft) shall be maintained between 
mumcations wires and cables on buildings and light¬ 
ning conductors. 


III. Protection 

800.90 Protective Devices. 

(A) Application. A listed primary protector shall be pro¬ 
vided on each circuit run partly or entirely in aerial wire or 
aerial cable not confined within a block. Also, a listed pri¬ 
mary protector shall be provided on each circuit, aerial or 
underground, located within the block containing the build¬ 
ing served so as to be exposed to accidental contact with 
electric light or power conductors operating at over 300 
volts to ground. In addition, where there exists a lightning 
exposure, each interbuilding circuit on a premises shall be 
protected by a listed primary protector at each end of the 
interbuilding circuit. Installation of primary protectors shall 
also comply with 110.3(B). 

Informational Note No. 1: On a circuit not exposed to 
accidental contact with power conductors, providing a 
listed primary protector in accordance with this article 
helps protect against other hazards, such as lightning and 
above-normal voltages induced by fault currents on power 
circuits in proximity to the communications circuit. 

Informational Note No. 2: Interbuilding circuits are con¬ 
sidered to have a lightning exposure unless one or more of 
the following conditions exist: 

(1) Circuits in large metropolitan areas where buildings are 
close together and sufficiently high to intercept light¬ 
ning. 
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(2) Interbuilding cable runs of 42 m (140 ft) or less, di¬ 
rectly buried or in underground conduit, where a con¬ 
tinuous metallic cable shield or a continuous metallic 
conduit containing the cable is connected to each build¬ 
ing grounding electrode system. 

(3) Areas having an average of five or fewer thunderstorm 
days per year and earth resistivity of less than 100 
ohm-meters. Such areas are found along the Pacific 
coast. 

(1) Fuseless Primary Protectors. Fuseless-type primary 
protectors shall be permitted under any of the conditions 
given in (A)(1)(a) through (A)(1)(e). 

(a) Where conductors enter a building through a cable 
with grounded metallic sheath member(s) and where the 
conductors in the cable safely fuse on all currents greater 
than the current-carrying capacity of the primary protector 
and of the primary protector bonding conductor or ground¬ 
ing electrode conductor 

(b) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits to a building from a 
cable with an effectively grounded metallic sheath mem¬ 
bers) and where the conductors in the cable or cable stub, 
or the connections between the insulated conductors and 
the plant exposed to accidental contact with electric light or 
power conductors operating at greater than 300 volts to 
ground, safely fuse on all currents greater than the current 
carrying capacity of the primary protector, or the associated 
insulated conductors and of the primary protector 
conductor or grounding electrode conductor 

(c) Where insulated conductors in accordance with 
800.50(A) or (B) are used to extend circu 
from other than a cable with metallic sheaf] 
where (1) the primary protector is listed as beii!§| able 
for this purpose for application with circuit^xtendi 
other than a cable with metallic sheath member, antF"(2) 
the connections of the insulated conductors tBthe plant 
exposed to accidental contact with electric light or power 
conductors operating at greater than 300 Volts to ground or 
the conductors of the plant exposed to accidental contact 
with electric light or power conductors operating at greater 
than 300 volts to ground safely fuse on all currents greater 
than the current-carrying capacity of the primary protector, 
or associated insulated conductors and of the primary pro¬ 
tector bonding conductor or grounding electrode conductor 

(d) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits aerially to a building 
from a buried or underground circuit that is unexposed to 
accidental contact with electric light or power conductors 
operating at greater than 300 volts to ground 

(e) Where insulated conductors in accordance with 
800.50(A) are used to extend circuits to a building from 
cable with an effectively grounded metallic sheath mem- 
ber(s), and where (1) the combination of the primary pro¬ 
tector and insulated conductors is listed as being suitable 
for this purpose for application with circuits extending from 



a cable with an effectively grounded metallic sheath mem¬ 
bers), and (2) the insulated conductors safely fuse on all 
currents greater than the current-carrying capacity of the 
primary protector and of the primary protector bonding 
conductor or grounding electrode conductor 

Informational Note: Section 9 of ANSI C2-2007, National 
Electrical Safety Code, provides an example of methods of 
protective grounding that can achieve effective grounding 
of communications cable sheaths for cables from which 
communications circuits are extended. 

(2) Fused Primary Protectors. Where the requirements 
listed under 800.90(A)(1)(a) through (A)(1)(e) are not met, 
fused-type primary protectors shall be used. Fused-type pri¬ 
mary protectors shall consist of an arrester connected be¬ 
tween each line conductor and ground, a fuse in series with 
each line conduct^.and an appropriate mounting arrange¬ 
ment. Primary protector terminals shall be marked to indi¬ 
cate line, instrument, and ground, as applicable. 

Location. The primary protector shall be located in, 
mmediately adjacent' to the structure or building 
and as ctose as practicable to the point of entrance. 

ional Note: See 800.2 for the definition of Point 


rises of this section, primary protectors located 
me service equipment within 9.0 m (30 ft) of 
exterior wall of the mobile home it serves, or at a 
home disconnecting means connected to an elec- 
e by a grounding electrode conductor in accordance 
ith 250.32 and located within 9.0 m (30 ft) of the exterior 
wall of the mobile home it serves, shall be considered to 
meet the requirements of this section. 

Informational Note: Selecting a primary protector location 
to achieve the shortest practicable primary protector bond¬ 
ing conductor or grounding electrode conductor helps limit 
potential differences between communications circuits and 
other metallic systems. [ROP 16-107] 

(C) Hazardous (Classified) Locations. The primary pro¬ 
tector shall not be located in any hazardous (classified) 
locations, as defined in 500.5 and 505.5, or in the vicinity 
of easily ignitible material. 


Exception: 

503.150. 


As permitted in 501.150, 502.150, and 


(D) Secondary Protectors. Where a secondary protector is 
installed in series with the indoor communications wire and 
cable between the primary protector and the equipment, it 
shall be listed for the purpose in accordance with 
800.170(B). 

Informational Note: Secondary protectors on circuits ex¬ 
posed to accidental contact with electric light or power 
conductors operating at greater than 300 volts to ground are 
not intended for use without primary protectors. 
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800.93 Grounding or Interruption of Metallic Sheath 
Members of Communications Cables. Communications 
cables entering the building or terminating on the outside of 
the building shall comply with 800.93(A) or (B). 

(A) Entering Buildings. In installations where the com¬ 
munications cable enters a building, the metallic sheath 
members of the cable shall be either grounded as specified 
in 800.100 or interrupted by an insulating joint or equiva¬ 
lent device. The grounding or interruption shall be as close 
as practicable to the point of entrance. 

(B) Terminating on the Outside of Buildings. In instal¬ 
lations where the communications cable is terminated on 
the outside of the building, the metallic sheath members of 
the cable shall be either grounded as specified in 800.100 or 
interrupted by an insulating joint or equivalent device. The 
grounding or interruption shall be as close as practicable to 
the point of termination of the cable. 

Informational Note: See 800.2 for a definition of Point of 

Entrance. 


IV. Grounding Methods 

800.100 Cable and Primary Protector Bondin' 
Grounding. The primary protector and the metallic mem 
ber(s) of the cable sheath shall be bonded or grounded as 
specified in 800.100(A) through (D). 


(A) Bonding Conductor or Grou: 
ductor. 

(1) Insulation. The bonding 
trade conductor shall be lij 
insulated, covered, or b; 

(2) Material. The bonding .ehnductor 
trade conductor shall be copper or otl 
conductive material, stranded or Si|lii 




e Con' 


elec- 
to be 


grounding elec- 
orrosion-resistant 


(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG. It shall have a 
current-carrying capacity not less than the grounded metal¬ 
lic sheath member(s) and protected conductor(s) of the 
communications cable. The bonding conductor or ground¬ 
ing electrode conductor shall not be required to exceed 6 
AWG. 

(4) Length. The primary protector bonding conductor or 
grounding electrode conductor shall be as short as practi¬ 
cable. In one- and two-family dwellings, the primary pro¬ 
tector bonding conductor or grounding electrode conductor 
shall be as short as practicable, not to exceed 6.0 m (20 ft) 
in length. 

Informational Note: Similar bonding conductor or ground¬ 
ing electrode conductor length limitations applied at apart¬ 


ment buildings and commercial buildings help to reduce 
voltages that may be developed between the building’s 
power and communications systems during lightning 
events. 

Exception: In one- and two-family dwellings where it is 
not practicable to achieve an overall maximum primary 
protector bonding conductor or grounding electrode con¬ 
ductor length of 6.0 m (20 ft), a separate communications 
ground rod meeting the minimum dimensional criteria of 
800.100(B)(3)(2) shall be driven, the primary protector 
shall be connected to the communications ground rod in 
accordance with 800.100(C), and the communications 
ground rod shall be connected to the power grounding elec¬ 
trode system in accordance with 800.100(D). 

(5) Run in Straight Line. The bonding conductor or 
grounding electrode conductor shall be run in as straight a 
line as practicable. 

hysical Protection. Bonding conductors and ground- 
electrode conductors shall be protected where exposed 
'to physical damage. Where the bonding conductor or 
ounding electrode conductor is installed in a metal race- 
ay, both ends of the raceway shall be bonded to the con¬ 
tained conductor or to the same terminal or electrode to 
hiclrtMfe bonding conductor or grounding electrode con- 
tor is connected. 

(B) Electrode. The bonding conductor or grounding elec¬ 
trode conductor shall be connected in accordance with 
800.100(B)(1), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as required by 
250.94, the bonding conductor shall be connected to the 
intersystem bonding termination. 

Informational Note: See Part I of Article 100 for the defi¬ 
nition of Intersystem Bonding Termination. [ROP 16-109] 

(2) In Buildings or Structures with Grounding Means. 

If the building or structure served has no intersystem bond¬ 
ing termination, the bonding conductor or grounding elec¬ 
trode conductor shall be connected to the nearest accessible 
location on one of the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to enclo¬ 
sures as covered in 250.94 [ROP 16-110] 

(4) The nonflexible metallic power service raceway 

(5) The service equipment enclosure 
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(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure of the power ser¬ 
vice, or 

(7) The grounding electrode conductor or the grounding 
electrode of a building or structure disconnecting 
means that is grounded to an electrode as covered in 
250.32 

A bonding device intended to provide a termination 
point for the bonding conductor (intersystem bonding) shall 
not interfere with the opening of an equipment enclosure. A 
bonding device shall be mounted on non-removable parts. 
A bonding device shall not be mounted on a door or cover 
even if the door or cover is nonremovable. [ROP 16-111] 
For purposes of this section, the mobile home service 
equipment or the mobile home disconnecting means, as 
described in 800.90(B), shall be considered accessible. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the build¬ 
ing or structure served has no intersystem bonding termi¬ 
nation or grounding means, as described in 800.100(B)(2), 
the grounding electrode conductor shall be connected to 
either of the following: 

(1) To any one of the individual grounding electrodes de¬ 
scribed in 250.52(A)(1), (A)(2), (A)(3), or (A)(4) 1 

[ROP 16-112] 

(2) If the building or structure served has no intersystem 
bonding termination or has no grounding rneahs, as 
described in 800.100(B)(2) or (B)(3)( I i^^tny one of 
the individual grounding electrodes described in 
250.52(A)(7) and (A)(8) or to a ground rod or pipe not 
less than 1.5 m (5 ft) in length and 12.7 mm (Vi in.) in 
diameter, driven, where practicable, into permanently 
damp earth and separated from lightning conductors as 
covered in 800.53 and at least 1.8 m (6 ft (Bom elec¬ 
trodes of other systems. Steam or hot water pipes or air 
terminal conductors (lightning-rod conductors) shall 
not be employed as electrodes foP protectors and 
grounded metallic members. 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected be¬ 
tween the communications grounding electrode and power 
grounding electrode system at the building or structure 
served where separate electrodes are used. 

Exception: At mobile homes as covered in 800.106. 

Informational Note No. 1: See 250.60 for use of air ter¬ 
minals (lightning rods). 

Informational Note No. 2: Bonding together of all sepa¬ 
rate electrodes limits potential differences between them 
and between their associated wiring systems. 


800.106 Primary Protector Grounding and Bonding at 
Mobile Homes. 

(A) Grounding. Grounding shall comply with 
800.106(A)(1) and (A)(2). 

(1) Where there is no mobile home service equipment lo¬ 
cated within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the primary protector grounding 
terminal shall be connected to a grounding electrode 
conductor or grounding electrode in accordance with 
800.100(B)(3). [ROP 16-114] 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
9.0 m (30 ft) of the exterior wall of the mobile home it 
serves, the primary protector grounding terminal shall 
be connected to a grounding electrode in accordance 
with 800.100®(3). [ROP 16-115] 

(B) Bondi ng. The primary protector grounding terminal or 
grounding electrode shall be connected to the metal frame 
or available grounding terminal of the mobile home with a 
cop(p£r conductor not smaller than 12 AWG under either of 
the following :onditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 800.106(A) 

(2r Whe re, th e mobile home is supplied by cord and plug 


800.110 Raceways and Cable Routing Assemblies for 
Communications Wires and Cables. [ROP 16-116] 

(A) Types of Raceways. Communications wires and 
cables shall be permitted to be installed in any raceway that 
complies with either (A)(1) or (A)(2), and in cable routing 
assemblies installed in compliance with (C). [ROP 16-116] 

(1) Raceways Recognized in Chapter 3. Communica¬ 
tions wires and cables shall be permitted to be installed in 
any raceway included in Chapter 3. The raceways shall be 
installed in accordance with the requirements of Chapter 3. 

(2) Communications Raceways. Communications wires 
and cables shall be permitted to be installed in listed ple¬ 
num communications raceways, listed riser communica¬ 
tions raceways, and listed general-purpose communications 
raceways selected in accordance with the provisions of 
800.113, and installed in accordance with 362.24 through 
362.56, where the requirements applicable to electrical 
nonmetallic tubing (ENT) apply. [ROP 16-116, ROP 16- 
117] 

(B) Raceway Fill for Communications Wires and 
Cables. The raceway fill requirements of Chapters 3 and 9 
shall not apply to communications wires and cables. 
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(C) Cable Routing Assemblies. Communications wires 
and cables shall be permitted to be installed in plenum 
cable routing assemblies, riser cable routing assemblies and 
general-purpose cable routing assemblies selected in accor¬ 
dance with the provisions of 800.113, and installed in ac¬ 
cordance with (1) and (2). [ROP 16-116] 


(4) Type CMP cables and plenum communications race¬ 
ways supported by open metallic cable trays or cable 
tray systems 

(5) Types CMP, CMR, CMG, CM, and CMX cables and 
communications wires installed in raceways that are 
installed in compliance with 300.22(C) 


(1) Horizontal Support. Cable routing assemblies shall be 
supported where run horizontally at intervals not to exceed 
900 mm (3 ft), and at each end or joint, unless listed for 
other support intervals. In no case shall the distance be¬ 
tween supports exceed 3 m (10 ft). [ROP 16-116] 

(2) Vertical Support. Vertical runs of cable routing assem¬ 
blies shall be securely supported at intervals not exceeding 
1.2 m (4 ft), unless listed for other support intervals, and 
shall not have more than one joint between supports. [ROP 
16-116] 

800.113 Installation of Communications Wires, Cables 
and Raceways, and Cable Routing Assemblies. Installa¬ 
tion of communications wires, cables, and raceways, and 
cable routing assemblies shall comply with 800.113(A) 
through (L). Installation of raceways and cable routing as¬ 
semblies shall also comply with 800.110. [ROP 16- 

(A) Listing. Communications wires, communtc 
cables, communications raceways, and cable routin: 
semblies installed in buildings shall be listed. [ROP 
119] 

Exception: Communications caht'es 

800.48 shall not be required to be list< 


(B) Fabricated Ducts Usj 

following wires and cab 
for environmental air as 
directly associated with the' 

(1) Up to 1.22 m (4 ft) of 

(2) Types CMP, CMR, CMG 




al Air. The 
jed in ducts used 
22(B) if they are 
system: 
ble 

^ind CMX cables and 


communications wires installed in raceways that are 
installed in compliance with 300.22(B) 

Informational Note: For information on fire protection of 
wiring installed in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2012, Standard for the Installation 
of Air-Conditioning and Ventilating Systems. [ROP 
16-119] 

(C) Other Spaces Used for Environmental Air (Ple¬ 
nums). The following wires, cables, and raceways shall be 
permitted in other spaces used for environmental air as 
described in 300.22(C): 

(1) Type CMP cables 

(2) Plenum communications raceways 

(3) Type CMP cables installed in plenum communications 
raceways 


(6) Types CMP, CMR, CMG, CM, and CMX cables, ple¬ 
num communications raceways, riser communications 
raceways and general-purpose communications race¬ 
ways supported by solid bottom metal cable trays with 
solid metal covers in other spaces used for environmen¬ 
tal air (plenums) as described in 300.22(C) 

(7) Types CMP, CMR, CMG, CM, and CMX cables in¬ 
stalled in plenum communications raceways, riser com¬ 
munications raceways and general-purpose communi¬ 
cations raceways supported by solid bottom metal 
cable trays with solid metal covers in other spaces used 
fq^ environmental air (plenums) as described in 

CI0.22(C)^ 

16-119]^ 

mational Note: For information on fire protection of 
installed in other spaces used for environmental air, 
.11.2, 4.3.11.4, and 4.3.11.5 of NFPA 90A-2012, 
rd for the Installation of Air-Conditioning and Ven- 
“ Systems. [ROP 16-119] 

(D) Risers — Cables and Raceways in Vertical Runs. 

The following cables, raceways and cable routing assem¬ 
blies shall be permitted in vertical runs penetrating one or 
more floors and in vertical runs in a shaft: 

(1) Types CMP and CMR cables 

(2) Plenum and riser communications raceways 

(3) Plenum and riser cable routing assemblies 

(4) Types CMP and CMR cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. Plenum cable routing assemblies 

d. Riser cable routing assemblies 

[ROP 16-119] 

Informational Note: See 800.26 for firestop requirements 
for floor penetrations. 

(E) Risers — Cables and Raceways in Metal Raceways. 

The following cables and raceways shall be permitted in 
metal raceways in a riser having firestops at each floor: 

(1) Types CMP, CMR, CMG, CM, and CMX cables 

(2) Plenum, riser, and general-purpose communications 
raceways 

(3) Types CMP, CMR, CMG, CM, and CMX cables in¬ 
stalled in: 

a. Plenum communications raceways 
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b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-119] 

Informational Note: See 800.26 for firestop requirements 
for floor penetrations. 

(F) Risers — Cables, Raceways and Cable Routing As¬ 
semblies in Fireproof Shafts. The following cables, race¬ 
ways and cable routing assemblies shall be permitted to be 
installed in fireproof riser shafts having firestops at each 
floor: 

(1) Types CMP, CMR, CMG, CM, and CMX cables 

(2) Plenum, riser, and general-purpose communications 
raceways 

(3) Plenum, riser and general-purpose cable routing assem¬ 
blies 

(4) Types CMP, CMR, CMG, and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

d. Plenum cable routing assemblies 

e. Riser cable routing assemblies 

f. General-purpose cable routing assemblies 

[ROP 16-119] 

Informational Note: See 800.26 for firestop requir 
for floor penetrations. 



in diameter 
nications 


(G) Risers — One- and Two-Family Dwe? 

lowing cables, raceways and cable routing ass 
be permitted in one- and two-fami' 

(1) Types CMP, CMR, CMG, 

(2) Type CMX cables less than 

(3) Plenum, riser, and general-pi 
raceways 

(4) Plenum, riser and general-purpose cable routmg assem 
blies 

(5) Types CMP, CMR, CMG, and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

d. Plenum cable routing assemblies 

e. Riser cable routing assemblies 

f. General-purpose cable routing assemblies 

[ROP 16-119] 

(H) Cable Trays. The following wires, cables, and race¬ 
ways shall be permitted to be supported by cable trays: 

(I) Types CMP, CMR, CMG, and CM cables 

(2) Plenum, riser, and general-purpose communications 
raceways 


(3) Communications wires and Types CMP, CMR, CMG, 
and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-119] 

(I) Distributing Frames and Cross-Connect Arrays. The 

following wires, cables, raceways, and cable routing assem¬ 
blies shall be permitted to be installed in distributing 
frames and cross-connect arrays: 

(1) Types CMP, CMR, CMG, and CM cables and commu¬ 
nications wires 

(2) Plenum, riser, and general-purpose communications 
raceways 

(3) Plenum, ri^Kand general-purpose cable routing as¬ 
semblies 

(4) Cornmun ications wires and Types CMP, CMR, CMG, 
cables installed in: 

:ommunications raceways 
Communications raceways 
:ral-purpose communications raceways 
cable routing assemblies 

_lie routing assemblies 

?ral-purpose cable routing assemblies 

[ROP 16-119] 


Other Building Locations. The following wires, 
tables, raceways and cable routing assemblies shall be per¬ 
mitted to be installed in building locations other than the 
locations covered in 800.113(B) through (I): 

(1) Types CMP, CMR, CMG, and CM cables 

(2) A maximum of 3 m (10 ft) of exposed Type CMX in 
nonconcealed spaces 

(3) Plenum, riser, and general-purpose communications 
raceways 

(4) Plenum, riser, and general-purpose cable routing as¬ 
semblies 

(5) Communications wires and Types CMP, CMR, CMG, 
and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

(6) Types CMP, CMR, CMG, and CM cables installed in: 

a. Plenum cable routing assemblies 

b. Riser cable routing assemblies 

c. General-purpose cable routing assemblies 

(7) Communications wires and Types CMP, CMR, CMG, 
CM, and CMX cables installed in raceways recognized 
in Chapter 3 
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(8) Type CMUC undercarpet communications wires and 
cables installed under carpet 

[ROP 16-119] 

(K) Multifamily Dwellings. The following cables, race¬ 
ways, and cable routing assemblies shall be permitted to be 
installed in multifamily dwellings in locations other than 
the locations covered in 800.113(B) through (G): 

(1) Types CMP, CMR, CMG, and CM cables 

(2) Type CMX cables less than 6 mm (0.25 in.) in diameter 
in nonconcealed spaces 

(3) Plenum, riser, and general-purpose communications 
raceways 

(4) Plenum, riser, and general-purpose cable routing as¬ 
semblies 

(5) Communications wires and Types CMP, CMR, CMG, 
and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

(6) Types CMP, CMR, CMG, and CM cables installed in: 

a. Plenum cable routing assemblies 

b. Riser cable routing assemblies 

c. General-purpose cable routing assemblies 

(7) Communications wires and Types CMP, CMR, 

CM, and CMX cables installed in raceways recogm: 
in Chapter 3 

(8) Type CMUC undercarpet communication: ires am 
cables installed under carpet 

[ROP 16-119] 




Tli^pfol lowing 
ies shall be per- 
ily dwellings in 
in 800.113(B) 


(L) One- and Two-Fa 

cables, raceways, and caB 
mitted to be installed in 
locations other than the locaS? 
through (F): 

(1) Types CMP, CMR, CMG, and CM cables 

(2) Type CMX cables less than 6 mm (0.25 in.) in diameter 

(3) Plenum, riser, and general-purpose communications 
raceways 

(4) Plenum, riser, and general-purpose cable routing as¬ 
semblies 

(5) Communications wires and Types CMP, CMR, CMG, 
and CM cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

(6) Types CMP, CMR, CMG, and CM cables installed in: 

a. Plenum cable routing assemblies 

b. Riser cable routing assemblies 

c. General-purpose cable routing assemblies 


(7) Communication wires and Types CMP, CMR, CMG, 
CM, and CMX cables installed in raceways recognized 
in Chapter 3 

(8) Type CMUC undercarpet communications wires and 
cables installed under carpet 

(9) Hybrid power and communications cable listed in ac¬ 
cordance with 800.179(1) 

[ROP 16-119] 

800.133 Installation of Communications Wires, Cables, 
and Equipment. Communications wires and cables from 
the protector to the equipment or, where no protector is 
required, communications wires and cables attached to the 
outside or inside of the building shall comply with 
800.133(A) thtbugh (C). 


(A) Se 




from Other Conductors. 


Cable Trays, Boxes, Cables, Enclo- 
£ and Cable Routing Assemblies. 

(a) Optical Fib&$tmd Communications Cables. Com¬ 
munications cables shall be permitted in the same raceway, 

ray, box, enclosure, or cable routing assembly with 
of any of the following: 

onconductive and conductive optical fiber cables in 
ompliance with Parts I and V of Article 770 
immunity antenna television and radio distribution 
systems in compliance with Parts I and V of Article 
820 

(3) Low-power network-powered broadband communica¬ 
tions circuits in compliance with Parts I and V of Ar¬ 
ticle 830 

(b) Other Circuits. Communications cables shall be per¬ 
mitted in the same raceway, cable tray, box, enclosure, or 
cable routing assembly with cables of any of the following: 
[ROP 16-124, ROP 16-125, ROP 16-126] 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Article 645 
or Parts I and III of Article 725 [ROP 16-126] 

(2) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 

(c) Class 2 and Class 3 Circuits. Class 1 circuits shall 
not be run in the same cable with communications circuits. 
Class 2 and Class 3 circuit conductors shall be permitted in 
the same cable with communications circuits, in which case 
the Class 2 and Class 3 circuits shall be classified as com¬ 
munications circuits and shall meet the requirements of this 
article. The cables shall be listed as communications cables. 

Exception: Cables constructed of individually listed Class 
2, Class 3, and communications cables under a common 
jacket shall not be required to be classified as communica¬ 
tions cable. The fire-resistance rating of the composite 
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cable shall be determined by the performance of the com¬ 
posite cable. 

(d) Electric Light, Power, Class 1, Non-Power-Limited 
Lire Alarm, and Medium-Power Network-Powered Broad¬ 
band Communications Circuits in Raceways, Compart¬ 
ments, and Boxes. Communications conductors shall not be 
placed in any raceway, compartment, outlet box, junction 
box, or similar fitting with conductors of electric light, 
power, Class 1, non-power-limited fire alarm, or medium- 
power network-powered broadband communications cir¬ 
cuits. 

Exception No. 1: Where all of the conductors of electric 
light, power, Class 1, non—power-limited fire alarm, and 
medium-power network-powered broadband communica¬ 
tions circuits are separated from all of the conductors of 
communications circuits by a permanent barrier or listed 
divider. 

Exception No. 2: Power conductors in outlet boxes, junc¬ 
tion boxes, or similar fittings or compartments where such 
conductors are introduced solely for power supply to com¬ 
munications equipment. The power circuit conductors shall 
be routed within the enclosure to maintain a minimum of 
6 mm (0.25 in.) separation from the communications circuity 
conductors. 

Exception No. 3: As permitted by 620.36. 

(2) Other Applications. Communications wires 
shall be separated at least 50 mm (2 in.) from conductoij 
any electric light, power. Class 1, non-power-limits 
alarm, or medium-power network-powered broadband 
communications circuits. 

Exception No. 1: Where either (IWall of thf^ljfoiducH&fikof 
the electric light, power, Cla$$ 1, non—power-limited fire 
alarm, and medium-power netmffikrj)(>wered broadband 
communications circuits are in a raceway or in metal- 
sheathed, metal-clad, nonmetalIic-sheatlied,Wype AC, or 


Type UF cables, or (2) all of the conductors of communi¬ 
cations circuits are encased in raceway. 

Exception No. 2: Where the communications wires and 
cables are permanently separated from the conductors of 
electric light, power, Class 1, non-power-limited fire alarm, 
and medium-power network-powered broadband communi¬ 
cations circuits by a continuous and firmly fixed noncon¬ 
ductor, such as porcelain tubes or flexible tubing, in addi¬ 
tion to the insulation on the wire. 

(B) Support of Communications Wires and Cables. 

Raceways shall be used for their intended purpose. Com¬ 
munications wires and cables shall not be strapped, taped, 
or attached by any means to the exterior of any raceway as 
a means of support. 

(aerial) spans of communications 
be permitted to be attached to the 
rpe mast intended for the attachment 
■s and cables. 


Exception: 
wires and cabh 
exterior of a 
and support 



800.154 Applications of Listed Communications Wires, 
Cables and Raceways, and Listed Cable Routing Assem¬ 
blies. Permitted and nonpermitted applications of listed 
communications wires, cables and raceways, and listed 
roud^^assemblies shall be in accordance with (1), 

Smmunications wires and cables as indicated in 
Table 800.154(a). 

Listed communications raceways as indicated in Table 
800.154(b). 

^3) Listed cable routing assemblies as indicated in Table 
800.154(c). 

The permitted applications shall be subject to the instal¬ 
lation requirements of 800.110 and 800.113. The substitu¬ 
tions for communications cables listed in Table 800.154(d) 
and illustrated in Figure 800.154 shall be permitted. [ROP 
16-131] 


Table 800.154(a) Applications of Listed Communications Wires and Cables in Buildings [ROP 16-131, ROP 16-105, ROP 
16-106] 


Wire and Cable TyP e 


Applications 

CMP 

CMR 

CMC CM 

CMX 

CMUC 

Hybrid power 
and 

Communicatifim 

cables 

imunications 

wires 

In Specifically 
Fabricated Ducts as 
Described in 
300.22(B) 

In fabricated ducts 

Y* 

N 

N 

N 

N 

N 

N 

In metal raceway that complies 
with 300.22(B) 

Y* 

Y* 

Y* 

Y* 

N 

N 

Y* 
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800.154 


Table 800.154(a) Continued 


Applications 

Wire and Cable Type 

CMP 

CMR 

CMC CM 

CMX 

CMUC 

Hybrid power 
and 

CommunicatidiiH 

cables 

imunications 

wires 

In Other Spaces Used 
for Environmental 

Air as Described in 
300.22(C) 

In other spaces used for 
environmental air 

Y* 

N 

N 

N 

N 

N 

N 

In metal raceway that complies 
with 300.22(C) 

Y* 

Y* 

Y* 

Y* 

N 

N 

Y* 

In plenum communications 
raceways 

Y* 

N 

N 

N 

N 

N 

Y* 

In plenum cable routing 
assemblies 

NOT PERMITTED 

▲ 

Supported by open metal cable 
trays 

Y* 

N 

A 

r N 

N 

N 

N 

Supported by solid bottom metal 
cable trays with solid metal 
covers 

Y* 

Y* 

J 



N 

N 

N 

In Risers 

In vertical runs 

Y* 



N 

N 

N 

N 

In metal raceways 

Y* 



Y* 

N 

N 

N 

In fireproof shafts 

Y #l 

Y* 


Y* 

N 

N 

N 

In plenum communications 
raceways 

Y 



N 

N 

N 

N 

In plenum cable routing 
assemblies 

^Y* ^ 

w 

V 

N 

N 

N 

N 

N 

In riser communications raceways 

Y* 

Y* 

N 

N 

N 

N 

N 

In riser cable routing assembles 

Y* 

Y* 

N 

N 

N 

N 

N 

In one- afflptwo-family dwellings 

^Y* 

Y* 

Y* 

Y* 

N 

Y* 

N 
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Table 800.154(a) Continued 


Wire and Cable Type 


Applications 

CMP 

CMR 

CMC CM 

CMX 

CMUC 

Hybrid power 
and 

Communicatitim 

cables 

imunications 

wires 

Within Buildings in 
Other Than 
Air-Handling Spaces 
and Risers 

General 

Y* 

Y* 

Y* 

Y* 

N 

N 

N 

In one- and two-family dwellings 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

In multifamily dwellings 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

N 

In nonconcealed spaces 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

N 

Supported by cable trays 

Y* 

Y* 

Y* 

N 

N 

N 

N 

Under carpet 

N 

N 

N 

N 

Y* 

N 

N 

In distributing frames and 
cross-connect arrays 

Y* 

Y* 

Y* 

jt 

’ N 

N 

Y* 

In any raceway recognized in 
Chapter 3 

Y* 

Y* 

Y* 4 

* 

Y* 

W 

N 

Y* 

In plenum communications 
raceways 

Y* 

Y* 

/. 

f 


N 

Y* 

In plenum cable routing 
assemblies 

Y* 

Y* 

( 

N 

N 

N 

Y* 

In riser communications raceways 

Y* 



N 

N 

N 

Y* 

In riser cable routing assemblies 

Y* 

xk A 


N 

N 

N 

Y* 

In general-purpose 
communications raceways A 


X 

Y* 

N 

N 

N 

Y* 

1 ■ 

In general-purpose cable routingML Y* 
assemblies 


Y* 

N 

N 

N 

Y* 


Note: An “N” in the table indicates that the cable type is noi^^titted to be installed in the application. A “Y*” indicates that the cable is permitted 
to be installed in the application, subject to the limitations described in 800.113. 

Informational Note 1: Part V of Article 800 covers installation methods within buildings. This table covers the applications of listed communica¬ 
tions wires, cables, and raceways in buildings. The de^Btion of point of entrance is in 800.2. Communications entrance cables that have not 
emerged from the rigid metal conduit (RllfC) or intermediate metal conduit (IMC) are not considered to be in the building. 

Informational Note No. 2: For information on the restrictions to the installation of communications cables in fabricated ducts see 800.113(B). 
Informational Note No. 3: Cable routing assemblies are not addressed in NFPA-90A 2012, Standard for the Installation of Air Conditioning and 
Ventilation Systems. 


800.156 Dwelling Unit Communications Outlet. For new 


Table 800.154(d) Cable Substitutions 


Cable Type 

Permitted Substitutions 

CMR 

CMP 

CMG, CM 

CMP, CMR 

CMX 

CMP, CMR, CMG, CM 


construction, a minimum of one communications outlet 
shall be installed within the dwelling in a readily accessible 
area and cabled to the service provider demarcation point. 


VI. Listing Requirements 

800.170 Equipment. Communications equipment shall be 
listed as being suitable for electrical connection to a com¬ 
munications network. 

Informational Note: One way to determine applicable re¬ 
quirements is to refer to UL 60950-1-2003, Standard for 
Safety of Information Technology Equipment ; UL 1459- 
1999, Standard for Safety, Telephone Equipment, or UL 
1863-2004, Standard for Safety, Communications Circuit 
Accessories. For information on listing requirements for 
cable routing assemblies and communications raceways, 
see UL 2024-2011, Standard for Signaling, Optical Fiber 
and Communication Cable Raceways and Cable Routing 
Assemblies. [ROP 16-76, ROP 16-134] 
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800.170 


Table 800.154(b) Applications of Listed Communications Raceways in Buildings [ROP 16-131] 



Raceway Type 

Applications 

Plenum 

:ommunications( 

raceways 

Riser 

ommunications 

raceways 

General-purpose 

communications 

raceways 

In Specifically Fabricated 
Ducts as Described in 
300.22(B) 

In fabricated ducts 

N 

N 

N 

In metal raceway that complies with 300.22(B) 

Y* 

Y* 

Y* 

In Other Spaces Used for 
Environmental Air as 
Described in 300.22(C) 

In other spaces used for environmental air 

Y* 

N 

N 

In metal raceway that complies with 300.22(C) 

Y* 

Y* 

Y* 

In plenum cable routing assemblies 

NOT PERMITTED 

Supported by open metal cable trays 

/ Y* 

N 

N 

Supported by solid bottom metal cable trays \^h 
solid metal covers 


Y* 

Y* 

In Risers 

In vertical runs 


Y* 

N 

In metal raceways^ 

Y* 

Y* 

Y* 

In fireproof shafts 

Y* 

Y* 

Y* 

In plenum cable touting assemblie^^^k 

N 

N 

N 

In riser cable routi^^assemblies 

N 

N 

N 

In one- and two-family dwellings 

Y* 

Y* 

Y* 

Within Buildings in Other 
Than Air-Handling Spaces 
and Risers 


Y* 

Y* 

Y* 

In one- aifTtwo^unily^dwellings 

Y* 

Y* 

Y* 

In multi family dwellings 

Y* 

Y* 

Y* 

In nonconcealed spaces 

Y* 

Y* 

Y* 

Supported by cable trays 

Y* 

Y* 

Y* 

Under carpet 

N 

N 

N 

In distributing frames and cross-connect arrays 

Y* 

Y* 

Y* 

In any raceway recognized in Chapter 3 

Y* 

Y* 

Y* 

In plenum cable routing assemblies 

N 

N 

N 

In riser cable routing assemblies 

N 

N 

N 

In general-purpose cable routing assemblies 

N 

N 

N 


Note: An ‘N' in the table indicates that the cable type shall not be permitted to be installed in the application. A ‘Y*’ indicates that the cable shall 
be permitted to be installed in the application, subject to the limitations described in 800.110 and 800.113. 

Informational Note: Cable routing assemblies are not addressed in NFPA-90A, 2012, Standard for the Installation of Air Conditioning and 
Ventilation Systems. 

(A) Primary Protectors. The primary protector shall con- terminals shall be marked to indicate line and ground as 
sist of an arrester connected between each line conductor applicable, 
and ground in an appropriate mounting. Primary protector 
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Table 800.154(c) Applications of Listed Cable Routing Assemblies in Buildings [ROP 16-131] 


Applications 

Cable Routing Assembly Type 

Plenum Cable 
Routing 
Assembly 

Riser Cable C 
Routing 
Assembly 

leneral-purpose 
Cable Routing 
Assembly 

In Specifically Fabricated 

Ducts as Described in 
300.22(B) 

In fabricated ducts 

N 

N 

N 

In metal raceway that complies with 300.22(B) 

N 

N 

N 

In Other Spaces Used for 
Environmental Air as 
Described in 300.22(C) 

In other spaces used for environmental air 

N 

N 

N 

In metal raceway that complies with 300.22(C) 

N 

N 

N 

In plenum communications raceways 

N 

N 

N 

Supported by open metal cable trays 

* 

N 

N 

Supported by solid bottom metal cable trays with 
solid metal covers 

X 

N 

N 

In Risers 

In vertical runs 


Y* 

N 

In metal raceways 


► 

N 

N 

In fireproof shafts 

^ Y* 

Y* 

Y* 

In plenum communicatiodis raceways 

;\ n 

N 

N 

In riser communications rae^vax^i 

y n 

N 

N 

In one- andJgpWlMkly dwellings 

Y* 

Y* 

Y* 

Within Buildings in Other 

Than Air-Handling Spaces 
and Risers 

^Genejr^^ 

Y* 

Y* 

Y* 

In one- and tw^Krnil^dx^ffngs 

Y* 

Y* 

Y* 

fr j^multifamily dwellings 

Y* 

Y* 

Y* 

In nolconcealed spaces 

Y* 

Y* 

Y* 

Supported by cable trays 

N 

N 

N 

^ ” 

Under carpet 

N 

N 

N 

In distributing frames and cross-connect arrays 

Y* 

Y* 

Y* 

In any raceway recognized in Chapter 3 

N 

N 

N 

In plenum communications raceways 

N 

N 

N 

In riser communications raceways 

N 

N 

N 

In general-purpose communications raceways 

N 

N 

N 


Note: An ‘N’ in the table indicates that the cable type shall not be permitted to be installed in the application. A ‘Y*’ indicates that the cable shall 
be pennitted to be installed in the application, subject to the limitations described in 800.113. 


Informational Note: One way to determine applicable re¬ 
quirements for a listed primary protector is to refer to 
ANSI/UL 497-2009, Standard for Protectors for Paired 
Conductor Communications Circuits. [ROP 16-76] 


(B) Secondary Protectors. The secondary protector shall 
be listed as suitable to provide means to safely limit cur¬ 
rents to less than the current-carrying capacity of listed 
indoor communications wire and cable, listed telephone set 
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800.179 



individual conductors, other than the outer conductor of a 
coaxial cable, shall be rated for 300 volts minimum. The 
cable voltage rating shall not be marked on the cable or on 
the undercarpet communications wire. Communications 
wires and cables shall have a temperature rating of not less 
than 60°C. 

Exception: Voltage markings shall be permitted where the 
cable has multiple listings and voltage marking is required 
for one or more of the listings. 

Informational Note No. 1: Voltage markings on cables 
may be misinterpreted to suggest that the cables may be 
suitable for Class 1, electric light, and power applications. 


Type CM—Communications cables 

[a] Cable A shall be permitted to be used in place of Cable B. 


Figure 800.154 Cable Substitution Hierarchy. 

line cords, and listed communications terminal equipment 
having ports for external wire line communications circuits. 
Any overvoltage protection, arresters, or grounding connec¬ 
tion shall be connected on the equipment terminals side of 
the secondary protector current-limiting means. 

Informational Note: One way to determine applicable 1 
quirements for a listed secondary protector is to refer 
ANSI/UL 497A-2008, Standard for Secondary Protector# 
for Communications Circuits. [ROP 16- 

(C) Plenum Grade Cable Ties. Cab 

use in other space used for environn? 
shall be listed as having low smoke and fil 
erties. [ROP 16-135] 

Informational Note: See NT PA 90A-2012, Standard for 
the Installation of Air-Conditioning and Ventilating Systems 
and ANSI/UL 2043, StandamnrSafetyAire Test for Heat 
and Visible Smoke Release for Discrete Products and Their 
Accessories Installed in Air-Handling Spaces for informa¬ 
tion on listing discrete products as having low smoke and 
heat release properties. [ROP 16-135] 

800.173 Drop Wire and Cable. Communications wires 
and cables without a metallic shield, running from the last 
outdoor support to the primary protector, shall be listed as 
being suitable for the purpose and shall have current- 
carrying capacity as specified in 800.90(A)(1)(b) or 
(A)(1)(c). 



Informational Note No. 2: See 800.170 for listing require¬ 
ment for equipment. 


Table I 


Cable Markings 


^Cable Marking 

Type 

CMP 

Communications plenum cable 

^ CMR 

Communications riser cable 

k CMG 

Communications 

CM 

general-purpose cable 
Communications 

V/ CMX 

general-purpose cable 
Communications cable, limited 

^ . y 

use 

CMUC 

Undercarpet communications 


wire and cable 


Informational Note: Cable types are listed in descending 
order of fire resistance rating. 

(A) Type CMP. Type CMP communications plenum 
cables shall be listed as being suitable for use in ducts, 
plenums, and other spaces used for environmental air and 
shall also be listed as having adequate fire-resistant and low 
smoke-producing characteristics. 

Informational Note: One method of defining a cable that is 
low smoke-producing cable and fire-resistant cable is that 
the cable exhibits a maximum peak optical density of 0.50 
or less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2011, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 16-78, ROP 
16-136] 


800.179 Communications Wires and Cables. Communi¬ 
cations wires and cables shall be listed in accordance with 
800.179(A) through (I) and marked in accordance with 
Table 800.179. Conductors in communications cables, 
other than in a coaxial cable, shall be copper. 

Communications wires and cables shall have a voltage 
rating of not less than 300 volts. The insulation for the 


(B) Type CMR. Type CMR communications riser cables 
shall be listed as being suitable for use in a vertical run in a 
shaft or from floor to floor and shall also be listed as having 
fire-resistant characteristics capable of preventing the car¬ 
rying of fire from floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
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of ANSI/UL 1666-2011, Standard Test for Flame Propaga¬ 
tion Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. [ROP 16-76] 

(C) Type CMG. Type CMG general-purpose communica¬ 
tions cables shall be listed as being suitable for general- 
purpose communications use, with the exception of risers 
and plenums, and shall also be listed as being resistant to 
the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is for the damage (char length) not to 
exceed 1.5 m (4 ft 11 in.) when performing the CSA “Ver¬ 
tical Flame Test — Cables in Cable Trays,” as described in 
CSA C22.2 No. 0.3-M-2001, Test Methods for Electrical 
Wires and Cables. 

(D) Type CM. Type CM communications cables shall be 
listed as being suitable for general-purpose communica¬ 
tions use, with the exception of risers and plenums, and 
shall also be listed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical Flame 
Tray Test” in ANSI/UL 1685-2011, Standard for Safety for 
Vertical-Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke measure¬ 
ments in the test method are not applicable. [ROP 16-76] 
Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test- 
Cables in Cable Trays,” as described in CSA 
0.3-M-2001, Test Methods for Electrical Wires i 

(E) Type CMX. Type CMX limited-use 
cables shall be listed as being suitable for 
and for use in raceway and shall ^Myfcfctei 
resistant to flame spread. 

Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-1 (vertical-wire) flame test h^|NSI/UL 1581-2011, 
Reference Standard for Electrical Wii^^^Siil^B^cind Flex¬ 
ible Cords. [ROP 16-76] 

(F) Type CMUC Undercarpet Wires and Cables. Type 
CMUC undercarpet communications wires and cables shall 
be listed as being suitable for undercarpet use and shall also 
be listed as being resistant to flame spread. 

Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to the 
VW-1 (vertical-wire) flame test in ANSI/UL 1581-2011, 
Reference Standard for Electrical Wires, Cables and Flex¬ 
ible Cords. [ROP 16-76] 

(G) Circuit Integrity (Cl) Cable or Electrical Circuit 
Protective System. Cables that are used for survivability of 
critical circuits under fire conditions shall meet either 
(G)(1) or (G)(2) as follows: [ROP 16-85a] 

(1) Circuit Integrity (Cl) Cables. Circuit Integrity (Cl) 
cables, specified in 800.179(A) through (D), and used for 


survivability of critical circuits shall have the additional 
classification using the suffix “-CI”. Circuit integrity (Cl) 
cables suitable for use in raceways shall be listed and 
marked specifically as part of an electrical circuit protective 
system as covered in (G)(2). [ROP 16-85a] 

Informational Note: Circuit Integrity cables without the 
suffix "-CI" are tested and designed to be installed in free 
air. A circuit integrity cable with the suffix “-CI” that is 
tested for use in conduit will have an additional marking as 
part of a listed electrical circuit protective system. [ROP 
16-85a] 

(2) Electrical Circuit Protective System. Cables, speci¬ 
fied in 800.179(A) through (E) and (G), that are part of an 
electrical circuit protective system, shall be identified with 
the protective systenunumbcr and hourly rating printed on 
the outer jacket of ipe cable. [ROP 16-85a] 


Informational Note ] 
integrity (CD cabled 


1: One method of defining circuit 
i electrical circuit protective system 
is by establishing a minimum 2-hour fire-resistive rating 
when tested in accordance with UL 2196-2001 (Rev. 2006), 
Standard forJests of Fire Resistive Cables. [ROP 16-85a, 
ROP 16-76] 

Informational Note No. 2: The listing organization pro- 
vides^^mmation for electrical circuit protective systems 
including installation requirements to maintain the 

ng. [ROP 16-85a] 




Communications Wires. Communications wires, 
as distributing frame wire and jumper wire, shall be 
,ed as being resistant to the spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical Flame 
Tray Test” in ANSI/UL 1685-2010, Standard for Safety for 
Vertical-Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke measure¬ 
ments in the test method are not applicable. [ROP 16-76] 
Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test— 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 


(I) Hybrid Power and Communications Cables. Listed 
hybrid power and communications cables shall be permit¬ 
ted where the power cable is a listed Type NM or NM-B 
conforming to the provisions of Part III of Article 334, and 
the communications cable is a listed Type CM, the jackets 
on the listed NM or NM-B and listed CM cables are rated 
for 600 volts minimum, and the hybrid cable is listed as 
being resistant to the spread of fire. [ROP 16-138] 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical Flame 
Tray Test” in ANSI/UL 1685-2010, Standard for Safety for 
Vertical-Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke measure- 
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ments in the test method are not applicable. [ROP 16-76] 
Another method of defining resistant to the spread of 
fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA “Vertical Flame Test — 
Cables in Cable Trays,” as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 

800.180 Grounding Devices. Where bonding or ground¬ 
ing is required, devices used to connect a shield, sheath or 
non-current-carrying metallic members of a cable to a 
bonding conductor or grounding electrode conductor shall 
be listed or be part of listed equipment. [ROP 16-139] 


band radio transmitting and receiving equipment, and cer¬ 
tain features of transmitter safety. This article covers anten¬ 
nas such as wire-strung type, multi-element, vertical rod, 
flat, or parabolic exceeding 1 m (39.37 in.) in diameter or 
across and also covers the wiring and cabling that connects 
them to equipment. This article does not cover equipment 
and antennas used for coupling carrier current to power line 
conductors. [ROP 16-141] 

810.2 Definitions. For definitions applicable to this article, 
see Part I of Article 100. [ROP 16-142] 


800.182 Communications Raceways and Cable Routing 
Assemblies. Communications raceways, and cable routing 
assemblies shall be listed in accordance with 800.182(A) 
through (C). [ROP 16-140] 

Informational Note: For information on listing require¬ 
ments for both communications raceways and cable routing 
assemblies, see ANSI/UL 2024-4-2011, Signaling, Optical 
Fiber and Communications Raceways and Cable Routing 
Assemblies. [ROP 16-140] 

(A) Plenum Communications Raceways and Plenum 
Cable Routing Assemblies. Plenum communications race¬ 
ways and plenum cable routing assemblies shall be li: 
having adequate fire-resistant and low smoke-pro> 
characteristics. [ROP 16-140] 

(B) Riser Communications Raceways and Riser 
Routing Assemblies. Riser communications raceways ai 
riser cable routing assemblies shall bfKsted as having 
equate fire-resistant characteristics capable, of preventing 
the carrying of fire from fl oor Tq^figpr. [ROP 16-140] 

(C) General-Purpose Communications Raceways and 
General-Purpose Cable Routing Assemblies. General- 
purpose communications raceways and general-purpose 
cable routing assemblies shalJ^kjjstec[^ ? being resistant to 
the spread of fire. [ROP 16-14^^ 
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Informational Note: The general term grounding conduc¬ 
tor as previously used in this article is replaced by either 
the term bonding conductor or the term grounding elec¬ 
trode conductor (GEC), where applicable, to more accu¬ 
rately reflect the application and function of the conductor. 


I. General 

810.1 Scope. This article covers antenna systems for radio 
and television receiving equipment, amateur and citizen 


810.3 Other Articles. Wiring from the source of power to 
and between devices connected to the interior wiring sys¬ 
tem shall comply with Chapters 1 through 4 other than as 
modified by Parts I and II of Article 640. Wiring for audio 
signal processing, amplification, and reproduction equip- 
ment shall comply with Article 640. For antennas exceed¬ 
ing 1 m (39.37 in.) in diameter or across coaxial cables that 
innect antennas ra||quipment shall comply with Article 
820. For’antennas 1 m (39.37 in.) or less in diameter or 
coaxial cables that connect antennas to equipment 
snail comply with Article 840. [ROP 16-143] 


ommunity Television Antenna. The antenna shall 
y with this article. The distribution system shall com¬ 
ply with Article 820. 

810.5 Radio Noise Suppressors. Radio interference elimi¬ 
nators, interference capacitors, or noise suppressors con¬ 
nected to power-supply leads shall be of a listed type. They 
shall not be exposed to physical damage. 

810.6 Antenna Lead-In Protectors. Where an antenna 
lead-in surge protector is installed it shall be listed as being 
suitable for limiting surges on the cable that connects the 
antenna to the receiver/transmitter electronics and be con¬ 
nected between the conductors and the grounded shield or 
other ground connection. The antenna lead-in protector 
shall be grounded in accordance with 810.21. [ROP 16- 
144] 

Informational Note: For requirements covering protectors 
for antenna lead-in conductors, refer to UL Subject 497E, 
Outline of Investigation for Protectors for Antenna Lead-In 
Conductors. [ROP 16-144] 

810.7 Grounding Devices. Where bonding or grounding is 
required, devices used to connect a shield, sheath or non- 
current-carrying metallic members of a cable, or metal 
parts of equipment or antennas to a bonding conductor or 
grounding electrode conductor shall be listed or be part of 
listed equipment. [ROP 16-145] 
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II. Receiving Equipment — Antenna Systems 

810.11 Material. Antennas and lead-in conductors shall be 
of hard-drawn copper, bronze, aluminum alloy, copper-clad 
steel, or other high-strength, corrosion-resistant material. 

Exception: Soft-drawn or medium-drawn copper shall be 
permitted for lead-in conductors where the maximum span 
between points of support is less than 11 m (35 ft). 

810.12 Supports. Outdoor antennas and lead-in conduc¬ 
tors shall be securely supported. The antennas or lead-in 
conductors shall not be attached to the electric service mast. 
They shall not be attached to poles or similar structures 
carrying open electric light or power wires or trolley wires 
of over 250 volts between conductors. Insulators supporting 
the antenna conductors shall have sufficient mechanical 
strength to safely support the conductors. Lead-in conduc¬ 
tors shall be securely attached to the antennas. 

810.13 Avoidance of Contacts with Conductors of 
Other Systems. Outdoor antennas and lead-in conductors 
from an antenna to a building shall not cross over open 
conductors of electric light or power circuits and shall be 
kept well away from all such circuits so as to avoid the 
possibility of accidental contact. Where proximity to open 
electric light or power service conductors of less than 250 
volts between conductors cannot be avoided, the installa¬ 
tion shall be such as to provide a clearance of at least 
600 mm (2 ft). 

Where practicable, antenna conductotjlSshall 
stalled so as not to cross under open electric light or wer 
conductors. 

810.14 Splices. Splices and jointHn antenna Spans shlirbe 
made mechanically secure with approved splicing devices 
or by such other means as will not appreciably^eaken the 
conductors. 

810.15 Grounding. Masts and metal structures supporting 
antennas shall be grounded in accordance with 810.21. 

810.16 Size of Wire-Strung Antenna — Receiving Sta¬ 
tion. 

(A) Size of Antenna Conductors. Outdoor antenna con¬ 
ductors for receiving stations shall be of a size not less than 
given in Table 810.16(A). 

(B) Self-Supporting Antennas. Outdoor antennas, such as 
vertical rods, flat, parabolic, or dipole structures, shall be of 
corrosion-resistant materials and of strength suitable to 
withstand ice and wind loading conditions and shall be 
located well away from overhead conductors of electric 
light and power circuits of over 150 volts to ground, so as 
to avoid the possibility of the antenna or structure falling 


Table 810.16(A) Size of Receiving Station Outdoor Antenna 
Conductors 



Minimum Size of Conductors (AWG) 
Where Maximum Open Span Length Is 



11 m to 



Less Than 

45 m (35 ft 

Over 45 m 

Material 

11 m (35 ft) 

to 150 ft) 

(150 ft) 

Aluminum alloy, 

19 

14 

12 

hard-drawn 




copper 

Copper-clad 

20 

17 

14 

steel, bronze, 
or other 
high-strength 
material 

_ 







fal contact with such circuits. [ROP 


into or maki 

16-147] 


Lead-in ~ Receiving Station. Lead-in 
m outside antennas for receiving stations 
Irious maximum open span lengths, be of such 
tensile strength at least as great as that of 
br antennas as specified in 810.16. Where 
consists of two or more conductors that are 
ther, are enclosed in the same covering, or are 
pncentric, the conductor size shall, for various maximum 
l span lengths, be such that the tensile strength of the 
[bination is at least as great as that of the conductors for 
antennas as specified in 810.16. 


810.18 Clearances — Receiving Stations. 

(A) Outside of Buildings. Lead-in conductors attached to 
buildings shall be installed so that they cannot swing closer 
than 600 mm (2 ft) to the conductors of circuits of 250 volts 
or less between conductors, or 3.0 m (10 ft) to the conduc¬ 
tors of circuits of over 250 volts between conductors, ex¬ 
cept that in the case of circuits not over 150 volts between 
conductors, where all conductors involved are supported so 
as to ensure permanent separation, the clearance shall be 
permitted to be reduced but shall not be less than 100 mm 
(4 in.). The clearance between lead-in conductors and any 
conductor forming a part of a lightning protection system 
shall not be less than 1.8 m (6 ft). Underground conductors 
shall be separated at least 300 mm (12 in.) from conductors 
of any light or power circuits or Class 1 circuits. 

Exception: Where the electric light or power conductors. 
Class 1 conductors, or lead-in conductors are installed in 
raceways or metal cable armor. 

Informational Note No. 1: See 250.60 for use of air ter¬ 
minals. For further information, see NFPA 780-2011, Stan¬ 
dard for the Installation of Lightning Protection Systems , 
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which contains detailed information on grounding, bond¬ 
ing, and spacing from lightning protection systems. 

Informational Note No. 2: Metal raceways, enclosures, 
frames, and other non-current-carrying metal parts of elec¬ 
trical equipment installed on a building equipped with a 
lightning protection system may require bonding or spacing 
from the lightning protection conductors in accordance 
with NFPA 780-2011, Standard for the Installation of 
Lightning Protection Systems. Separation from lightning 
protection conductors is typically 1.8 m (6 ft) through air or 
900 mm (3 ft) through dense materials such as concrete, 
brick, or wood. 

(B) Antennas and Lead-ins — Indoors. Indoor antennas 
and indoor lead-ins shall not be run nearer than 50 mm 
(2 in.) to conductors of other wiring systems in the pre¬ 
mises. 

Exception No. 1: Where such other conductors are in 
metal raceways or cable armor. 

Exception No. 2: Where permanently separated from such 
other conductors by a continuous and firmly fixed noncon¬ 
ductor, such as porcelain tubes or flexible tubing. 

(C) In Boxes or Other Enclosures. Indoor antennas and 
indoor lead-ins shall be permitted to occupy the same box 
or enclosure with conductors of other wiring systems where 
separated from such other conductors by an effectivt^er- 
manently installed barrier. 

810.19 Electrical Supply Circuits Used in Lieu of Ai 
tenna — Receiving Stations. Where an elec 
circuit is used in lieu of an antenna, the device Sy whicFmre 
radio receiving set is connected to the supfik circuit shall 
be listed. / r 


810.20 Antenna Dischar: 

(A) Where Required. Each c<? 
outdoor antenna shall be providi 
discharge unit. 



iving Stations. 

a lead-in from an 
ith a listed antenna 


810.21 Bonding Conductors and Grounding Electrode 
Conductors — Receiving Stations. Bonding conductors 
and grounding electrode conductors shall comply with 
810.21(A) through (K). [ROP 16-148] 

(A) Material. The bonding conductor or grounding elec¬ 
trode conductor shall be of copper, aluminum, copper-clad 
steel, bronze, or similar corrosion-resistant material. Alumi¬ 
num or copper-clad aluminum bonding conductors or 
grounding electrode conductors shall not be used where in 
direct contact with masonry or the earth or where subject to 
corrosive conditions. Where used outside, aluminum or 
copper-clad aluminum conductors shall not be installed 
within 450 mm (18 in.) of the earth. 

(B) Insulation. Insulation on bonding conductors or 
grounding electrode conductors shall not be required. 

(C) Supports. 'Hie bonding conductor or grounding elec¬ 
trode Conductoj»halI be securely fastened in place and 

be permitted to be directly attached to the surface 
lured over without the use of insulating supports. [ROP 

J6-1 

option: Where proper support cannot be provided, the 
sizd^^he bonding conductors or grounding electrode con- 
icton^hall be increased proportionately. [ROP 16-150] 

(D) i*hysical Protection. Bonding conductors and ground¬ 
ing electrode conductors shall be protected where exposed 
to physical damage. Where the bonding conductor or 
grounding electrode conductor is installed in a metal race¬ 
way, both ends of the raceway shall be bonded to the con¬ 
tained conductor or to the same terminal or electrode to 
which the bonding conductor or grounding electrode con¬ 
ductor is connected. [ROP 16-151] 

(E) Run in Straight Line. The bonding conductor or 
grounding electrode conductor for an antenna mast or an¬ 
tenna discharge unit shall be run in as straight a line as 
practicable. 


Exception: Where the lead-in conductors are enclosed in a 
continuous metallic shield that either is grounded with a 
conductor in accordance with 810.21 or is protected by an 
antenna discharge unit. 

(B) Location. Antenna discharge units shall be located 
outside the building or inside the building between the 
point of entrance of the lead-in and the radio set or trans¬ 
formers and as near as practicable to the entrance of the 
conductors to the building. The antenna discharge unit shall 
not be located near combustible material or in a hazardous 
(classified) location as defined in Article 500. 

(C) Grounding. The antenna discharge unit shall be 
grounded in accordance with 810.21. 


(F) Electrode. The bonding conductor or grounding elec¬ 
trode conductor shall be connected as required in (F)(1) 
through (F)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as required by 
250.94, the bonding conductor shall be connected to the 
intersystem bonding termination. 

Informational Note: See Article 100 for the definition of 
Intersystem Bonding Termination. 

(2) In Buildings or Structures with Grounding Means. 

If the building or structure served has no intersystem bond¬ 
ing termination, the bonding conductor or grounding elec- 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-735 



810.51 


ARTICLE 810 — RADIO AND TELEVISION EQUIPMENT 


trode conductor shall be connected to the nearest accessible 
location on the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping systems, 
within 1.52 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to the 
building, as covered in 250.94 

(4) The nonflexible metallic power service raceway 

(5) The service equipment enclosure, or 

(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosures of the power 
service 

A bonding device intended to provide a termination 
point for the bonding conductor (intersystem bonding) shall 
not interfere with the opening of an equipment enclosure. A 
bonding device shall be mounted on non-removable parts. 
A bonding device shall not be mounted on a door or cover 
even if the door or cover is non-removable. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the build 
ing or structure served has no intersystem bonding term! 
nation or grounding means as described in 810.21(F)(2), 
the grounding electrode conductor shall be connected to a 
grounding electrode as described in 250.52. 

(G) Inside or Outside Building. The bo 

or grounding electrode conductor shall be 
run either inside or outside the buildin 


(H) Size. The bonding conduct] 
conductor shall not be small 
AWG aluminum, or 17 AWG c(7 

(I) Common Ground. A single h 
grounding electrode conductor shall be 
protective and operating purposes. 


Bnductor or 
Kitted for both 


(J) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected be¬ 
tween the radio and television equipment grounding elec¬ 
trode and the power grounding electrode system at the 
building or structure served where separate electrodes are 
used. 

(K) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

III. Amateur and Citizen Band Transmitting and 
Receiving Stations — Antenna Systems 

810.51 Other Sections. In addition to complying with Part 
III, antenna systems for amateur and citizen band transmit¬ 


ting and receiving stations shall also comply with 810.11 
through 810.15. 

810.52 Size of Antenna. Antenna conductors for transmit¬ 
ting and receiving stations shall be of a size not less than 
given in Table 810.52. 

Table 810.52 Size of Outdoor Antenna Conductors 



Minimum Size of Conductors (AWG) 
Where Maximum Open Span Length 
Is 

Material 

Less Than 45 m 
(150 ft) 

Over 45 m (150 ft) 

Hard-drawn copper 

^ 14 

10 

Copper-clad steep 
bronze, or other 
high-streng^r 
material 

14 

12 




of Lead-in Conductors. Lead-in conductors 
stations shall, for various maximum span 
size at least as great as that of conductors 
specified in 810.52. 

.54 Clearance on Building. Antenna conductors for 
nsmitting stations, attached to buildings, shall be firmly 
tinted at least 75 mm (3 in.) clear of the surface of the 
uilding on nonabsorbent insulating supports, such as 
treated pins or brackets equipped with insulators having not 
less than 75-mm (3-in.) creepage and airgap distances. 
Lead-in conductors attached to buildings shall also comply 
with these requirements. 

Exception: Where the lead-in conductors are enclosed in a 
continuous metallic shield that is grounded with a conduc¬ 
tor in accordance with 810.58, they shall not be required to 
comply with these requirements. Where grounded, the me¬ 
tallic shield shall also be permitted to be used as a 
conductor. 


810.55 Entrance to Building. Except where protected 
with a continuous metallic shield that is grounded with a 
conductor in accordance with 810.58, lead-in conductors 
for transmitting stations shall enter buildings by one of the 
following methods: 

(1) Through a rigid, noncombustible, nonabsorbent insulat¬ 
ing tube or bushing 

(2) Through an opening provided for the purpose in which 
the entrance conductors are firmly secured so as to 
provide a clearance of at least 50 mm (2 in.) 

(3) Through a drilled window pane 
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810.56 Protection Against Accidental Contact. Lead-in 
conductors to radio transmitters shall be located or installed 
so as to make accidental contact with them difficult. 

810.57 Antenna Discharge Units — Transmitting Sta¬ 
tions. Each conductor of a lead-in for outdoor antennas 
shall be provided with an antenna discharge unit or other 
suitable means that drain static charges from the antenna 
system. 

Exception No. 1: Where the lead-in is protected by a con¬ 
tinuous metallic shield that is grounded with a conductor in 
accordance with 810.58, an antenna discharge unit or 
other suitable means shall not be required. 

Exception No. 2: Where the antenna is grounded with a 
conductor in accordance with 810.58, an antenna dis¬ 
charge unit or other suitable means shall not be required. 

810.58 Bonding Conductors and Grounding Electrode 
Conductors — Amateur and Citizen Band Transmitting 
and Receiving Stations. Bonding conductors and ground¬ 
ing electrode conductors shall comply with 810.58(A) 
through (C). 

(A) Other Sections. All bonding conductors and 
ing electrode conductors for amateur and citizen 
transmitting and receiving stations shall comply 
810.21(A) through (K). 

(B) Size of Protective Bonding Conductor or Grc 
ing Electrode Conductor. The protective bonding coi 
tor or grounding electrode conductor for transmitting sta¬ 
tions shall be as large as the lead-in but not smaller than 10 
AWG copper, bronze, or copper-cladsteel. 



(C) Size of Operating Bonding 
ing Electrode Conductor. The 

tor or grounding electrode coni 
tions shall not be less than 
equivalent. 


Condi 


tor or Ground- 

Pbonding conduc¬ 
tor transmitting sta- 
"WG copper or its 


(A) Enclosing. The transmitter shall be enclosed in a metal 
frame or grille or separated from the operating space by a 
barrier or other equivalent means, all metallic parts of 
which are effectively connected to a bonding conductor or 
grounding electrode conductor. [ROP 16-153] 

(B) Grounding of Controls. All external metal handles 
and controls accessible to the operating personnel shall be 
effectively connected to an equipment grounding conductor 
if the transmitter is powered by the premises wiring system 
or grounded with a conductor in accordance with 810.21. 

(C) Interlocks on Doors. All access doors shall be pro¬ 
vided with interlocks that disconnect all voltages of over 
350 volts between conductors when any access door is 
opened. 


RTICLE 820 
ntenna Television and 
Radio Distribution Systems 


ational Note: The general term grounding conduc- 
previously used in this article is replaced by either 
term bonding conductor or the term grounding elec¬ 
trode conductor (GEC), where applicable, to more accu¬ 
rately reflect the application and function of the conductor. 

See Informational Note Figure 800(a) and Informa¬ 
tional Note Figure 800(b) for illustrative application of a 
bonding conductor or grounding electrode conductor. 
[ROP 16-154] 


I. General 


820.1 Scope. This article covers coaxial cable distribution 
of radio frequency signals typically employed in commu¬ 
nity antenna television (CATV) systems. 

Informational Note: See 90.2(B)(4) for installations of 
CATV and radio distribution systems that are not covered. 


IV. Interior Installation — Transmitting Stations 

810.70 Clearance from Other Conductors. All conduc¬ 
tors inside the building shall be separated at least 100 mm 
(4 in.) from the conductors of any electric light, power, or 
signaling circuit. 

Exception No. 1: A.? provided in Article 640. 

Exception No. 2: Where separated from other conductors 
by raceway or some firmly fixed nonconductor, such as 
porcelain tubes or flexible tubing. 

810.71 General. Transmitters shall comply with 
810.71(A) through (C). 


820.2 Definitions. See Part I of Article 100. For the pur¬ 
poses of this article, the following additional definitions 
apply. [ROP 16-155] 

Abandoned Coaxial Cable. Installed coaxial cable that is 
not terminated at equipment other than a coaxial connector 
and not identified for future use with a tag. 

Informational Note: See Part I of Article 100 for a defini¬ 
tion of Equipment. [ROP 16-156] 

Coaxial Cable. A cylindrical assembly composed of a con¬ 
ductor centered inside a metallic tube or shield, separated 
by a dielectric material, and usually covered by an insulat¬ 
ing jacket. 
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Exposed (to Accidental Contact). A circuit in such a po¬ 
sition that, in case of failure of supports and or insulation, 
contact with another circuit may result. 

Informational Note: See Part I of Article 100 for two other 
definitions of Exposed. [ROP 16-158] 

Point of Entrance. The point within a building at which 
the coaxial cable emerges from an external wall, from a 
concrete floor slab, from rigid metal conduit (RMC) or 
intermediate metal conduit (IMC). [ROP 16-159] 


820.15 Power Limitations. Coaxial cable shall be permit¬ 
ted to deliver power to equipment that is directly associated 
with the radio frequency distribution system if the voltage 
is not over 60 volts and if the current is supplied by a 
transformer or other device that has power-limiting charac¬ 
teristics. 

Power shall be blocked from premises devices on the 
network that are not intended to be powered via the coaxial 
cable. 


Premises. The land and buildings of a user located on the 
user side of utility-user network point of demarcation. 

820.3 Other Articles. Circuits and equipment shall com¬ 
ply with 820.3(A) through (G). 

(A) Hazardous (Classified) Locations. CATV equipment 
installed in a location that is classified in accordance with 
500.5 and 505.5 shall comply with the applicable require¬ 
ments of Chapter 5. 

(B) Wiring in Ducts for Dust, Loose Stock, or Vapor 
Removal. The requirements of 300.22(A) shall apply. 

[ROP 16-161] 

(C) Equipment in Other Space Used for Environmental 
Air. The requirements of 300.22(C)(3) shall apply. [ROP 
16-161] 

(D) Installation and Use. The requiremi 
shall apply. [ROP 16-162] 

(E) Installations of Conductive 
tical Fiber Cables. The require 
apply. 


(F) Communications Circuits. 

tide 800 shall apply. 


ts of Ar- 


(G) Network-Powered Broadband Communications 
Systems. The requirements of Article 830 shall apply. 

(H) Premises-Powered Broadband Communications 
Systems. The requirements of Article 840 shall apply. 



820.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of coaxial cables 
that prevents removal of panels, including suspended ceil¬ 
ing panels. 

820.24 Mechanical Execution of Work. Community tele¬ 
vision and radio distribution systems shall be installed in a 
neat and wdflBnanlJ^lpanner. Coaxial cables installed ex¬ 
posed on file surface of ceiling and sidewalls shall be sup¬ 
ported by the building structure in such a manner that the 
cables will not be damaged by normal building use. Such 
cables shall be secured by hardware including straps, 
stable ties, hangers, or similar fittings designed and 

_stalled so as not to damage the cable. The installation 

shall als^confofm to 300.4(D) and 300.11. Cable ties used 
. to secure coaxial plenum cables in other space used for 
Environmental air (plenums) shall be listed as having low 
>ke and heat release properties. [ROP 16-165, ROP 
166, ROP 16-167] 


Informational Note No. 1: Accepted industry practices are 
described in ANSI/NECA/BICSI 568-2006, Standard for 
Installing Commercial Building Telecommunications Ca¬ 
bling-, ANSI/TIA/EIA-568-B. 1 2004 — Part 1, General 
Requirements Commercial Building Telecommunications 
Cabling Standard-, ANSI/TIA-569-B 2004, Commercial 
Building Standard for Telecommunications Pathways and 
Spaces', ANSI/TIA-570-B, Residential Telecommunications 
Infrastructure, and other ANSI-approved installation 
standards. 

Informational Note No. 2: See 4.3.11.2.6.5 and 
4.3.11.5.5.6 of NFPA 90A-2012, Standard for Installation 
of Air-Conditioning and Ventilating Systems, for discrete 
combustible components installed in accordance with 
300.22 (C). [ROP 16-168] 


(I) Alternate Wiring Methods. The wiring methods of 
Article 830 shall be permitted to substitute for the wiring 
methods of Article 820. 

Informational Note: Use of Article 830 wiring methods 
will facilitate the upgrading of Article 820 installations to 
network-powered broadband applications. 

(J) Cable Routing Assemblies. The definition in 800.2, 
the applications in Table 800.154(c) , and installation rules 
in 800.110 and 800.113 shall apply to Article 820. [ROP 

16-163] 


820.25 Abandoned Cables. The accessible portion of 
abandoned coaxial cables shall be removed. Where cables 
are identified for future use with a tag, the tag shall be of 
sufficient durability to withstand the environment involved. 

820.26 Spread of Fire or Products of Combustion. In¬ 
stallations of coaxial cables and communications raceways 
in hollow spaces, vertical shafts, and ventilation or air¬ 
handling ducts shall be made so that the possible spread of 
fire or products of combustion will not be substantially 
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increased. Openings around penetrations of coaxial cables 
and communications raceways through fire-resistant-rated 
walls, partitions, floors, or ceilings shall be firestopped us¬ 
ing approved methods to maintain the fire resistance rating. 

[ROP 16-169] 

Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many listing installation restrictions necessary to maintain 
the fire-resistive rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire 
resistance-rated wall assembly. An example is the 600-mm 
(24-in.) minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. As¬ 
sistance in complying with 820.26 can be found in building 
codes, fire resistance directories, and product listings. 


II. Coaxial Cables Outside and Entering Buildings 

820.44 Overhead (Aerial) Coaxial Cables. Overhead 
(aerial) coaxial cables, prior to the point of grounding, as 
specified in 820.93, shall comply with 820.44(A) through 
(E). 

(A) On Poles and In-Span. Where coaxial cables and 
electric light or power conductors are supported by the 
same pole or are run parallel to each other in-spa 
conditions described in 820.44(A)(1) through (A)(4)1:ihall 
be met. 

(1) Relative Location. Where practi 
cables shall be located below the 
conductors. 


(2) Attachment to Cross-Ari 

be attached to cross-arm thi 
conductors. 

(3) Climbing Space. The climbing spa e through coaxial 
cables shall comply with the requiremej sAif 225.14(D). 

(4) Clearance. Lead-in or overhead (aerial) -drop coaxial 
cables from a pole or other supporlf including the point of 
initial attachment to a building or structure, shall be kept 
away from electric light, power, Class 1, or non-power- 
limited fire alarm circuit conductors so as to avoid the pos¬ 
sibility of accidental contact. 

Exception: Where proximity to electric light, power. Class 
1, or non-power-limited fire alarm circuit conductors can¬ 
not be avoided, the installation shall provide clearances of 
not less than 300 mm (12 in.) from electric light, power. 
Class 1, or non-power-limited fire alarm circuit conduc¬ 
tors. The clearance requirement shall apply at all points 
along the drop, and it shall increase to 1.0 m (40 in.) at the 
pole. 

(B) Above Roofs. Coaxial cables shall have a vertical 
clearance of not less than 2.5 m (8 ft) from all points of 
roofs above which they pass. 


Exception No. 1: Auxiliary buildings such as garages and 
the like. 

Exception No. 2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm 
(18 in.) shall be permitted if (1) not more than 1.2 m (4 ft) 
of communications service drop conductors pass above the 
roof overhang, and (2) they are terminated at a raceway 
mast or other approved support. 

Exception No. 3: Where the roof has a slope of not less 
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in 
clearance to not less than 900 mm (3 ft) shall be permitted. 

(C) On Masts. Overhead (aerial) coaxial cables shall be 
permitted to be attached to an above-the-roof raceway mast 
that does not enclose or support conductors of electric light 
or power circuits. 




(D) between Buildings. Coaxial cables extending between 
buildings or structures, and also the supports or attachment 

lures, shall be identified and shall have sufficient strength 
to withstand the loans to which they might be subjected. 

I ROP 16-170] 

tion: Where a coaxial cable does not have sufficient 
to be self-supporting, it shall be attached to a 
orTTtig messenger cable that, together with the attach- 
metwfxtures or supports, shall be acceptable for the pur¬ 
pose and shall have sufficient strength to withstand the 
loads to which they may be subjected. 

(E) On Buildings. Where attached to buildings, coaxial 
cables shall be securely fastened in such a manner that they 
will be separated from other conductors in accordance with 
820.44(E)(1), (E)(2), and (E)(3). 

(1) Electric Light or Power. The coaxial cable shall have 
a separation of at least 100 mm (4 in.) from electric light, 
power, Class 1, or non-power-limited fire alarm circuit 
conductors not in raceway or cable, or shall be permanently 
separated from conductors of the other system by a con¬ 
tinuous and firmly fixed nonconductor in addition to the 
insulation on the wires. 

(2) Other Communications Systems. Coaxial cable shall 
be installed so that there will be no unnecessary interfer¬ 
ence in the maintenance of the separate systems. In no case 
shall the conductors, cables, messenger strand, or equip¬ 
ment of one system cause abrasion to the conductors, cable, 
messenger strand, or equipment of any other system. 

(3) Lightning Conductors. Where practicable, a separa¬ 
tion of at least 1.8 m (6 ft) shall be maintained between any 
coaxial cable and lightning conductors. 

Informational Note: For additional information regarding 
overhead (aerial) wires and cables, see ANSI C2-2007, Na- 
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tional Electric Safety Code, Part 2, Safety Rules for Over¬ 
head Lines. 

820.47 Underground Coaxial Cables Entering Build¬ 
ings. Underground coaxial cables entering buildings shall 
comply with 820.47(A) and (B). 

(A) Underground Systems with Electric Light, Power, 
Class 1 or Non-Power Limited Fire Alarm Circuit Con¬ 
ductors. Underground coaxial cables in a duct, pedestal, 
handhole enclosure, or manhole that contains electric light, 
power, or Class 1 or non-power-limited fire alarm circuit 
conductors shall be in a section permanently separated from 
such conductors by means of a suitable barrier. [ROP 16- 
171] 


disconnecting means grounded in accordance with 250.32 
and located within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, shall be considered to meet the 
requirements of this section. 

Informational Note: Selecting a grounding block location 
to achieve the shortest practicable bonding conductor or 
grounding electrode conductor helps limit potential differ¬ 
ences between CATV and other metallic systems. [ROP 
16-177] 

(A) Entering Buildings. In installations where the coaxial 
cable enters the building, the outer conductive shield shall 
be grounded in accordance with 820.100. The grounding 
shall be as close as practicable to the point of entrance. 


(B) Direct-Buried Cables and Raceways. Direct-buried 
coaxial cable shall be separated at least 300 mm (12 in.) 
from conductors of any light or power or Class 1 circuit. 

Exception No. 1: Where electric service conductors or 
coaxial cables are installed in raceways or have metal 
cable armor. 

Exception No. 2: Where electric light or power branch- 
circuit or feeder conductors or Class 1 circuit conductors 
are installed in a raceway or in metal-sheathed, metal-clad,4 
or Type UF or Type USE cables; or the coaxial cables have' 
metal cable armor or are installed in a raceway. 

820.48 Unlisted Cables Entering Buildings./ unr 

outside plant coaxial cables shah be permitted to be 
stalled in building spaces other than risers^kcts used tor 
environmental air, plenums used for environmental air, and 
other spaces used for environmental air. where the length of 
the cable within the building, measured from its poinkof 
entrance, does not exceed 15 m (50 ft) and the cable enters 
the building from the outside and'TtSjterm i nated at a ground¬ 
ing block. 

820.49 Metallic Entrance Conduit Grounding. Rigid 
metal conduit (RMC) or intermediate metal conduit (IMC) 
containing entrance coaxial cable shall be connected by a 
bonding conductor or grounding electrode conductor to a 
grounding electrode in accordance with 820.100(B). [ROP 
16-176] 


(B) Terminating 1 

where the coax i a 
ing, the outer i 
dance with 820.100 


o the point of attachment or termination. 

pKnationalNote: See 820.2 for a definition of Point of 

ranee. [ROP 16-178] 



»ide of the Building. In installations 
lie is terminated outside of the build- 
jtive shield shall be grounded in accor- 
. The grounding shah be as close as 


(C) Location. Where installed, a listed primary protector 
all be applied on each community antenna and radio dis- 
tnbutionJCATV) cable external to the premises. The listed 
primary protector shah be located as close as practicable to 
entrance point of the cable on either side or integral to 
ke ground block. 

)) Hazardous (Classified) Locations. Where a primary 
protector or equipment providing the primary protection 
function is used, it shall not be located in any hazardous 
(classified) location as defined in 500.5 and 505.5 or in the 
vicinity of easily ignitible material. 


Exception: 

503.150. 


As permitted in 501.150, 502.150, and 


IV. Grounding Methods 

820.100 Cable Bonding and Grounding. The shield of 
the coaxial cable shall be bonded or grounded as specified 
in 820.100(A) through (D). 


III. Protection 

820.93 Grounding of the Outer Conductive Shield of 
Coaxial Cables. Coaxial cables entering buildings or at¬ 
tached to buildings shall comply with 820.93(A) or (B). 
Where the outer conductive shield of a coaxial cable is 
grounded, no other protective devices shah be required. For 
purposes of this section, grounding located at mobile home 
service equipment located within 9.0 m (30 ft) of the exte¬ 
rior wall of the mobile home it serves, or at a mobile home 


Exception: For communications systems using coaxial 
cable confined within the premises and isolated from out¬ 
side cable plant, the shield shall be permitted to be 
grounded by a connection to an equipment grounding con¬ 
ductor as described in 250.118. Connecting to an equip¬ 
ment grounding conductor through a grounded receptacle 
using a dedicated bonding jumper and a permanently con¬ 
nected listed device shall be permitted. Use of a cord and 
plug for the connection to an equipment grounding conduc¬ 
tor shall not be permitted. [ROP 16-181] 
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(A) Bonding Conductor or Grounding Electrode Con¬ 
ductor. 

(1) Insulation. The bonding conductor or grounding elec¬ 
trode conductor shall be listed and shall be permitted to be 
insulated, covered, or bare. 

(2) Material. The bonding conductor or grounding elec¬ 
trode conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG. It shall have a 
current-carrying capacity not less than the outer sheath of 
the coaxial cable. The bonding conductor or grounding 
electrode conductor shall not be required to exceed 6 AWG. 

(4) Length. The bonding conductor or grounding electrode 
conductor shall be as short as practicable. In one- and two- 
family dwellings, the bonding conductor or grounding elec¬ 
trode conductor shall be as short as practicable, not to ex¬ 
ceed 6.0 m (20 ft) in length. [ROP 16-183] 

Informational Note: Similar bonding conductor or ground¬ 
ing electrode conductor length limitations applied at apart¬ 
ment buildings and commercial buildings help to reduce 
voltages that may be developed between the buildii 
power and communications systems during light! 
events. 


Exception: In one- and two-family dwelli ngs where 
not practicable to achieve an overall 
conductor or grounding electrode con 
m (20 ft), a separate grounding elec, 

250.52(A)(5), (A)(6), or (A)(7) shall be 
electrode conductor shall be connecter 
grounding electrode in accordance' H -Wi 
separate grounding electrode shall b i 
power grounding electm^^system in 
820.100(D). 



' grounding' 
the separate 
and the 
onnewfed to the 
ccordance with 


(5) Run in Straight Line. The bonding conductor or 
grounding electrode conductor shalTbe run in as straight a 
line as practicable. 

(6) Physical Protection. Bonding conductors and ground¬ 
ing electrode conductors shall be protected where exposed 
to physical damage. Where the bonding conductor or 
grounding electrode conductor is installed in a metal race¬ 
way, both ends of the raceway shall be bonded to the con¬ 
tained conductor or to the same terminal or electrode to 
which the bonding conductor or grounding electrode con¬ 
ductor is connected. 

(B) Electrode. The bonding conductor or grounding elec¬ 
trode conductor shall be connected in accordance with 
820.100(B)(1), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 


has an intersystem bonding termination as required by 
250.94, the bonding conductor shall be connected to the 
intersystem bonding termination. 

Informational Note: See Part I of Article 100 for the defi¬ 
nition of Intersystem Bonding Termination. [ROP 16-184] 

(2) In Buildings or Structures with Grounding Means. 

If the building or structure served has no intersystem bond¬ 
ing termination, the bonding conductor or grounding elec¬ 
trode conductor shall be connected to the nearest accessible 
location on one of the following: 

(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
buildin^^K covered in 250.52 

(3) The.power service accessible means external to enclo- 
s^fe'favqi)vered in 250.94 [ROP 16-185] 

he nonflexible metallic power service raceway 
The service equipment enclosure 

rounding electrode conductor or the grounding 
ctrode conductor metal enclosure of the power ser- 
or 

grounding electrode conductor or the grounding 
rode of a building or structure disconnecting 
bans that is connected to an electrode as covered in 
250.32 

A bonding device intended to provide a termination 
point for the bonding conductor (intersystem bonding) shall 
not interfere with the opening of an equipment enclosure. A 
bonding device shall be mounted on non-removable parts. 
A bonding device shall not be mounted on a door or cover 
even if the door or cover is nonremovable. [ROP 16-186] 
For purposes of this section, the mobile home service 
equipment or the mobile home disconnecting means, as 
described in 820.93, shall be considered accessible. 

(3) In Buildings or Structures Without an Intersystem 
Bonding Termination or Grounding Means. If the build¬ 
ing or structure served has no intersystem bonding termi¬ 
nation or grounding means, as described in 820.100(B)(2), 
the grounding electrode conductor shall be connected to 
either of the following: 

(1) To any one of the individual grounding electrodes de¬ 
scribed in 250.52(A)(1), (A)(2), (A)(3), or (A)(4) 

[ROP 16-187] 

(2) If the building or structure served has no intersystem 
bonding termination or grounding means, as described 
in 820.100(B)(2) or (B)(3)(l), to any one of the indi¬ 
vidual grounding electrodes described in 250.52(A)(5), 
(A)(7) and (A)(8). Steam or hot water pipes or air ter¬ 
minal conductors (lightning-rod conductors) shall not 
be employed as grounding electrodes for bonding con- 
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ductors or grounding electrode conductors. [ROP (2) Where the mobile home is supplied by cord and plug 

16-188] 


(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 

(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected be¬ 
tween the community antenna television system’s ground¬ 
ing electrode and the power grounding electrode system at 
the building or structure served where separate electrodes 
are used. 


V. Installation Methods Within Buildings 

820.110 Raceways and Cable Routing Assemblies for 
Coaxial Cables. [ROP 16-191] 

(A) Types of Raceways. Coaxial cables shall be permitted 
to be installed in any raceway that complies with either 
(A)(1) or (A)(2), and in cable routing assemblies installed 
in compliance with (C). [ROP 16-191] 


Exception: At mobile homes as covered in 820.106. 

Informational Note No. 1: See 250.60 for use of air ter¬ 
minals (lightning rods). 

Informational Note No. 2: Bonding together of all sepa¬ 
rate electrodes limits potential differences between them 
and between their associated wiring systems. 

(E) Shield Protection Devices. Grounding of a coaxial 
drop cable shield by means of a protective device that does 
not interrupt the grounding system within the premises 
shall be permitted. 

820.103 Equipment Grounding. Unpowered equipment! 
and enclosures or equipment powered by the coaxial cable 
shall be considered grounded where connected to the me¬ 
tallic cable shield. 

820.106 Grounding and Bonding at Mobile Home^ 

(A) Grounding. Grounding 
820.106(A)(1) and (A)(2). 

(1) Where there is no mobile h 
cated within 9.0 m (30 ft 
mobile home it serves, the d 
or surge arrester grounding ten 


ground, 
'connected 


to a grounding electrode conductor or grounding elec¬ 
trode in accordance with 820. 1 0(HB)(^T[ ROP 16-189] 
(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 
9.0 m (30 ft) of the exterior wall of the mobile home it 
serves, the coaxial cable shield ground, or surge ar¬ 
rester grounding terminal, shall be connected to a 
grounding electrode in accordance with 820.100(B)(3). 
[ROP 16-190] 

(B) Bonding. The coaxial cable shield grounding terminal, 
surge arrester grounding terminal, or grounding electrode 
shall be connected to the metal frame or available ground¬ 
ing terminal of the mobile home with a copper conductor 
not smaller than 12 AWG under any of the following con¬ 
ditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 820.106(A) 



(1) Raceways Recognized in Chapter 3. Coaxial cables 
shall be permitted to be installed in any raceway included 
in Chapter 3. The raceways shall be installed in accordance 
with the requirements of Chapter 3. 

(2) Communications Raceways. Coaxial cables shall be 
permitted to be installed in listed plenum communications 
raceways^sted riser communications raceways, and listed 
general-purpose communications raceways selected in ac¬ 
cordance wittouhe provisOTis of 820.113, 800.110 and 
800.113 and Installed in accordance with 362.24 through 
362.56, where the requirements applicable to electrical 
nonmetallic tubing (ENT) apply. [ROP 16-191, ROP 16- 


aceway Fill for Coaxial Cables. The raceway fill 
:quirements of Chapters 3 and 9 shall not apply to coaxial 
les. 

(C) Cable Routing Assemblies. Coaxial cables shall be 
permitted to be installed in plenum cable routing assem¬ 
blies, riser cable routing assemblies and general-purpose 
cable routing assemblies selected in accordance with the 
provisions of 800.113, and installed in accordance with (1) 
and (2). [ROP 16-191] 

(1) Horizontal Support. Cable routing assemblies shall be 
supported where run horizontally at intervals not to exceed 
900 mm (3 ft), and at each end or joint, unless listed for 
other support intervals. In no case shall the distance be¬ 
tween supports exceed 3 m (10 ft). [ROP 16-191] 

(2) Vertical Support. Vertical runs of cable routing assem¬ 
blies shall be securely supported at intervals not exceeding 
1.2 m (4 ft), unless listed for other support intervals, and 
shall not have more than one joint between supports. [ROP 
16-191] 

820.113 Installation of Coaxial Cables. Installation of co¬ 
axial cables shall comply with 820.113(A) through (K). 
Installation of raceways shall comply with 820.110. 

(A) Listing. Coaxial cables installed in buildings shall be 
listed. 
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Exception: Coaxial cables that comply with 820.48 shall 
not be required to be listed. 

(B) Fabricated Ducts Used for Environmental Air. The 

following cables shall be permitted in ducts as described in 
300.22(B) if they are directly associated with the air distri¬ 
bution system: 

(1) Up to 1.22 m (4 ft) of Type CATVP cable 

(2) Types CATVP, CATVR, CATV, and CATVX cables in¬ 
stalled in raceways that are installed in compliance 
with 300.22(B) 


b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

[ROP 16-194] 

Informational Note: See 820.26 for firestop requirements 
for floor penetrations. 

(E) Risers — Cables in Metal Raceways. The following 
cables shall be permitted in metal raceways in a riser hav¬ 
ing firestops at each floor: 

(1) Types CATVP, CATVR, CATV, and CATVX cables 


Informational Note: For information on fire protection of 
wiring installed in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2012, Standard for the Installation 
of Air-Conditioning and Ventilating Systems. [ROP 
16-194] 

(C) Other Spaces Used For Environmental Air (Ple¬ 
nums). The following cables shall be permitted in other 
spaces used for environmental air as described in 
300.22(C): 

(1) Type CATVP cable 

(2) Type CATVP cable installed in plenum communica¬ 
tions raceways 

(3) Type CATVP cable supported by open metallic 
trays or cable tray systems 

(4) Types CATVP, CATVR, CATV, and ' 
stalled in raceways that are install 
with 300.22(C) 

(5) Types CATVP, CATVR, CAT\ 
supported by solid bottom metal 
metal covers in other spaces used lor ell 
(plenums) as described in 300.22^3) 

(6) Types CATVP , CATVR, CATV, and CATVX cables 
installed in plenum communications raceways, riser 
communications raceways or general-purpose commu¬ 
nications raceways supported by solid bottom metal 
cable trays with solid metal covers in other spaces used 
for environmental air (plenums) as described in 
300.22(C) 

[ROP 16-194] 

Informational Note: For information on fire protection of 
wiring installed in other spaces used for environmental air 
see 4.3.11.2, 4.3.11.4, and 4.3.11.5 of NFPA 90A-2012, 
Standard for the Installation of Air-Conditioning and Ven¬ 
tilating Systems. [ROP 16-194] 

(D) Risers — Cables in Vertical Runs. The following 
cables shall be permitted in vertical runs penetrating one or 
more floors and in vertical runs in a shaft: 

(1) Types CATVP and CATVR cables 

(2) Types CATVP and CATVR cables installed in: 



(2) Types CATVP, CATVR, CATV, and CATVX cables in¬ 
stalled in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-194] 

mational Note: See 820.26 for firestop requirements 
lr floor penetrations. 

rs — Cables in Fireproof Shafts. The following 
all be permitted to be installed in fireproof riser 
with firestops at each floor: 

CATVP, CATVR, CATV, and CATVX cables 
Types CATVP, CATVR, and CATV cables installed in: 
Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

[ROP 16-194] 

Informational Note: See 820.26 for firestop requirements 
for floor penetrations. 

(G) Risers — One- and Two-Family Dwellings. The fol¬ 
lowing cables shall be permitted in one- and two-family 
dwellings: 

(1) Types CATVP, CATVR, and CATV cables 

(2) Type CATVX cable less than 10 mm (0.375 in.) in 
diameter 

(3) Types CATVP, CATVR, and CATV cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

[ROP 16-194] 

Informational Note: See 820.26 for firestop requirements 
for floor penetrations. 


a. Plenum communications raceways 
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(H) Cable Trays. The following cables shall be permitted 
to be supported by cable trays: 

(I) Types CATVP, CATVR, and CATV cables 

(2) Types CATVP, CATVR, and CATV cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

[ROP 16-194] 


c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

(4) Types CATVP, CATVR, CATV, and Type CATVX 
cables installed in a raceway of a type recognized in 
Chapter 3 

[ROP 16-194] 


(I) Distributing Frames and Cross-Connect Arrays. The 

following cables shall be permitted to be installed in dis¬ 
tributing frames and cross-connect arrays: 

(1) Types CATVP, CATVR, and CATV cables 

(2) Types CATVP, CATVR, and CATV cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

[ROP 16-194] 

(J) Other Building Locations. The following cables shalL 
be permitted to be installed in building locations other than 
the locations covered in 820.113(B) through (I): 

(1) Types CATVP, CATVR, and CATV cables 

(2) A maximum of 3 m (10 ft) of exposed 
cables in nonconcealed spaces 

(3) Types CATVP, CATVR, and CATV cabl? 

a. Plenum communications 

b. Plenum cable routing assg 

c. Riser communications 

d. Riser cable routing assefi 

e. General-purpose comnumicatio 

f. General-purpose cable routing 

(4) Types CATVP, CATVR, CATV, anWType CATVX 
cables installed in a raceway of a type recognized in 
Chapter 3 

[ROP 16-194] 

(K) One- and Two-Family and Multifamily Dwellings. 

The following cables and cable routing assemblies shall be 
permitted to be installed in one- and two-family and mul¬ 
tifamily dwellings in locations other than those locations 
covered in 820.113(B) through (I): 

(1) Types CATVP, CATVR, and CATV cables 

(2) Type CATVX cable less than 10 mm (0.375 in.) in 
diameter 

(3) Types CATVP, CATVR, and CATV cables installed in: 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 


820.133 Installation of Coaxial Cables and Equipment. 

Beyond the point of grounding, as defined in 820.93, the 
coaxial cable installation shall comply with 820.133(A) and 
(B). 


(A) Separation from Other Conductors. 



able Trays, Boxes, Enclosures and 
mblies. [ROP 16-199, ROP 16-200, 



(1) In Raceway 
Cable Routin; 

ROP 16-2i 

tical Fiber arid Communications Cables. Co¬ 
axial entries shall be permitted in the same raceway, cable 
trafy^box, euMBsure, or cable routing assembly with jack¬ 
eted cables of any of the following: 

(1) Nonconductive and conductive optical fiber cables in 
compliance with Parts I and V of Article 770 

(2) Communications circuits in compliance with Parts I 
Article 800 

(3) Low-power network-powered broadband communica¬ 
tions circuits in compliance with Parts I and V of Ar¬ 
ticle 830 


(b) Other Circuits. Coaxial cables shall be permitted in 
the same raceway, cable tray, box, enclosure, or cable rout¬ 
ing assembly with jacketed cables of any of the following: 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Article 645 
or Parts I and III of Article 725 [ROP 16-201] 

(2) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 

(c) Electric Light, Power, Class 1, Non-Power- 
Limited Fire Alarm, and Medium-Power Network-Powered 
Broadband Communications Circuits. Coaxial cable shall 
not be placed in any raceway, compartment, outlet box, 
junction box, or other enclosures with conductors of elec¬ 
tric light, power. Class 1, non-power-limited fire alarm, or 
medium-power network-powered broadband communica¬ 
tions circuits. 

Exception No. 1: Where all of the conductors of electric 
light, power. Class 1, non-power-limited fire alarm, and 
medium-power network-powered broadband communica¬ 
tions circuits are separated from all of the coaxial cables by 
a permanent barrier or listed divider. 

Exception No. 2: Power circuit conductors in outlet boxes, 
junction boxes, or similar fittings or compartments where 
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such conductors are introduced solely for power supply to 
the coaxial cable system distribution equipment. The power 
circuit conductors shall be routed within the enclosure to 
maintain a minimum 6-mm (0.25-in.) separation from co¬ 
axial cables. 

(2) Other Applications. Coaxial cable shall be separated 
at least 50 mm (2 in.) from conductors of any electric light, 
power. Class 1, non-power-limited fire alarm, or medium- 
power network-powered broadband communications cir¬ 
cuits. 

Exception No. 1: Where either (1) all of the conductors of 
electric light, power, Class 1, non—power-limited fire alarm, 
and medium-power network-powered broadband communi¬ 
cations circuits are in a raceway, or in metal-sheathed, 
metal-clad, nonmetallic-sheathed, Type AC or Type UF 
cables, or (2) all of the coaxial cables are encased in 
raceway. 

Exception No. 2: Where the coaxial cables are perma¬ 
nently separated from the conductors of electric light, 
power, Class 1, non-power-limited fire alarm, and medium- 
power network-powered broadband communications cir¬ 
cuits by a continuous and firmly fixed nonconductor, such 
as porcelain tubes or flexible tubing, in addition to the 
insulation on the wire. 

(B) Support of Coaxial Cables. Raceways shall be 
for their intended purpose. Coaxial cable^shall not? 
strapped, taped, or attached by any means to the e&teriorl 
any conduit or raceway as a means oj support. 


Exception: Overhead (aerial) spa , 
shall be permitted to be attached to 
raceway-type mast intended for the attachnJi 
of such cables. 



exterior of a 
ind support 


820.154 Applications of Listed CATV Cables. Permitted 
and nonpermitted applications of listed coaxial cables shall 
be as indicated in Table 820.154(a). The permitted applica¬ 
tions shall be subject to the installation requirements of 
820.110 and 820.113. The substitutions for coaxial cables 
in Table 820.154(b) and illustrated in Figure 820.154 shall 
be permitted. [ROP 16-204] 

Informational Note: The substitute cables in Table 
820.154(b) and Figure 820.154 are only coaxial-type 
cables. 


VI. Listing Requirements 

820.179 Coaxial Cables. Cables shall be listed in accor¬ 
dance with 820.179(A) through (D) and marked in accor¬ 
dance with Table 820.179. The cable voltage rating shall 
not be marked on the cable. 

Informational Note: Voltage markings on cables could be 
misinterpreted to suggest that the cables may be suitable for 
Class 1, electric light, and power applications. 


Table 820.154(b) Coaxial Cable Uses and Permitted 
Substitutions 

Cable Type 

Permitted Substitutions 

CATVP 

CMP, BLP 

CATVR 

CATVP CMP CMR, 

BMR, BLP. BLR 

CATV 

CATVP CMP, 

CATVR, CMR, CMG, CM, 
BMR, BM, BLP BLR, BL 


CATVX 


CATVP, CMP, 

CATVR, CMR, 

CATV, CMC, CM, 
BMR, BM, BLP. BLR, 
BL, BLX 



Coaxial cable A shall be permitted to be used in 
place of coaxial cable B. 

Type BL— Network-powered broadband communications low- 
power cable 

Type BM—Network-powered broadband communications medium- 
power cable 

Type CATV —Community antenna television cables 
Type CM —Communications cables 

Figure 820.154 Cable Substitution Hierarchy. 


Exception: Voltage markings shall be permitted where the 
cable has multiple listings and voltage marking is required 
for one or more of the listings. 

(A) Type CATVP. Type CATVP community antenna tele¬ 
vision plenum coaxial cables shall be listed as being suit¬ 
able for use in ducts, plenums, and other spaces used for 
environmental air and shall also be listed as having ad¬ 
equate fire-resistant and low smoke-producing characteris¬ 
tics. 

Informational Note: One method of defining a cable that is 
low smoke-producing cable and fire-resistant cable is that 
the cable exhibits a maximum peak optical density of 0.50 
or less, an average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-745 




































820.179 


ARTICLE 820 — COMMUNITY ANTENNA TELEVISION AND RADIO DISTRIBUTION SYSTEMS 


Table 820.154(a) Applications of Listed Coaxial Cables in Buildings [ROP 16-205, ROP 16-206] 


Applications 

Cable Type 

CATVP 

CATVR 

CATV 

CATVX 

In Specifically Fabricated 
Ducts as Described in 
300.22(B) 

In fabricated ducts as described in 300.22(B) 

Y* 

N 

N 

N 

In metal raceway that complies with 300.22(B) 

Y* 

Y* 

Y* 

Y* 

In Other Spaces Used for 
Environmental Air as 
Described in 300.22(C) 

In other spaces used for environmental air 
(plenums) as described in 300.22(C) 

Y* 

N 

N 

N 

In metal raceway that complies with 300.22(C) 

Y* 

Y* 

Y* 

Y* 

In plenum communications raceways 

NOT PERMITTED 

In plenum cable routing assemblies 

Y* 

N 

N 

N 

Supported by open metal cable trays 

Y* 

N 

N 

N 

Supported by solid bottom metal cable trays with 
solid metal covers 

Y* 

/ 

Y* 

Y* 

In Risers 

In vertical runs 

Y* 4 

rV 

N 

N 

In metal raceways 

Yjf 

Y * 

Y* 

Y* 

In fireproof shafts 

W A 

^ Y* ^ 

Y* 

Y* 

In plenum communications raceways 


Y* 

N 

N 

In plenum cable routing assemblies 


Y* 

N 

N 

In riser communications raceways 

Y * 

Y* 

N 

N 

m 

In riser cable routing assemblies 

V 

Y* 

N 

N 

In one- and two- family dwellings 

^ Y* 

Y* 

Y* 

Y* 

Within Buildings in Other 
Than Air-Handling Spaces 
and Risers 

M M 

General 

▼ Y* 

Y* 

Y* 

Y* 

In one- and two-familv dwellings 

r 

Y* 

Y* 

Y* 

Y* 

In multifami^ flwelling!^^^^ 

Y* 

Y* 

Y* 

Y* 

In nonconcealed spaces 

Y* 

Y* 

Y* 

Y* 

Supported by cabl^ trays 

Y* 

Y* 

Y* 

N 

In distributing fra^Ss; anc^^ss-connect arrays 

Y* 

Y* 

Y* 

N 

▼ 

In any raceway recognized in Chapter 3 

Y* 

Y* 

Y* 

Y* 

In plenum communications raceways 

Y* 

Y* 

Y* 

N 

In plenum cable routing assemblies 

Y* 

Y* 

Y* 

N 

In riser communications raceways 

Y* 

Y* 

Y* 

N 

In riser cable routing assemblies 

Y* 

Y* 

Y* 

N 

In general-purpose communications raceways 

Y* 

Y* 

Y* 

N 

In general-purpose cable routing assemblies 

Y* 

Y* 

Y* 

N 


Note: An “N” in the table indicates that the cable type is not permitted to be installed in the application. A “Y*” indicates that the cable is permitted 
to be installed in the application, subject to the limitations described in 820.113. 

Informational Note 1: Part V of Article 820 covers installation methods within buildings. This table covers the applications of listed coaxial cables 
in buildings. The definition of point of entrance is in 820.2. Coaxial entrance cables that have not emerged from the rigid metal conduit (RMC) or 
intermediate metal conduit (IMC) are not considered to be in the building. 

Informational Note No. 2: For information on the restrictions to the installation of communications cables in fabricated ducts see 820.113(B). 
Informational Note No. 3: Cable routing assemblies are not addressed in NFPA 90A-2012, Standard for the Installation of Air Conditioning and 
Ventilating Systems. 
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830.2 


when tested in accordance with NFPA 262-2011, Standard 
Method of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 16-78, ROP 
16-210] 

(B) Type CATYR. Type CATVR community antenna tele¬ 
vision riser coaxial cables shall be listed as being suitable 
for use in a vertical run in a shaft or from floor to floor and 
shall also be listed as having fire-resistant characteristics 
capable of preventing the carrying of fire from floor to 
floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSI/UL 1666-2011, Standard Test for Flame Propaga¬ 
tion Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. [ROP 16-76] 

(C) Type CATV. Type CATV community antenna televi¬ 
sion coaxial cables shall be listed as being suitable for 
general-purpose CATV use, with the exception of risers and 
plenums, and shall also be listed as being resistant to the 
spread of fire. 

Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the “UL Flame Exposure, Vertical 
Flame Test” in ANSI/UL 1685-2010, Standard for S, 
for Vertical-Tray Fire-Propagation and Smoke-Release 
for Electrical and Optical-Fiber Cables. The smoke 
surements in the test method are not app 
16-76] 

Another method of defining resist! 
fire is for the damage (char length) n 
11 in.) when performing the CSA “Vei 
Cables in Cable Trays,” as described in 
0.3-M-2001, Test Methods fc 


(D) Type CATVX. Type CATVX limi 
antenna television coaxial cables shall 
suitable for use in dwellings and for 
shall also be listed as being rest 



-use 'eommumty 
listed as being 
in raceway and 
lame spread. 


Informational Note: One method oFSetermining that cable 
is resistant to flame spread is by testing the cable to the 
VW-1 (vertical-wire) flame test in ANSI/UL 1581-2011, 
Reference Standard for Electrical Wires, Cables and Flex¬ 
ible Cords. [ROP 16-76] 


Table 820.179 Coaxial Cable Markings 


Cable Marking 

Type 

CATVP 

CATV plenum cable 

CATVR 

CATV riser cable 

CATV 

CATV cable 

CATVX 

CATV cable, limited use 


820.180 Grounding Devices. Where bonding or ground¬ 
ing is required, devices used to connect a shield, sheath or 
non-current-carrying metallic members of a cable to a 
bonding conductor or grounding electrode conductor shall 
be listed or be part of listed equipment. [ROP 16-211] 


ARTICLE 830 

Network-Powered Broadband 
Communications Systems 


Informational Note: The general term grounding conduc¬ 
tor as previously used in this article is replaced by either 
the term bonding conductor or the term grounding elec¬ 
trode conductor (GEC), where applicable, to more accu¬ 
rately reflect the application and function of the conductor. 
See Infok^ional Note Figure 800(a) and Informa- 
onal Note Figure 800(b) for illustrative application of a 
bonding conductor or grounding electrode conductor. 
| ROP 16-212| 



Informational Note: Cable types are listed in descending 
order of fire resistance rating. 


$30.lNScope. This article covers network-powered broad- 
communications systems that provide any combina¬ 
tion of voice, audio, video, data, and interactive services 
through a network interface unit. 

Informational Note No. 1: A typical basic system configu¬ 
ration includes a cable supplying power and broadband sig¬ 
nal to a network interface unit that converts the broadband 
signal to the component signals. Typical cables are coaxial 
cable with both broadband signal and power on the center 
conductor, composite metallic cable with a coaxial member 
for the broadband signal and a twisted pair for power, and 
composite optical fiber cable with a pair of conductors for 
power. Larger systems may also include network compo¬ 
nents such as amplifiers that require network power. 

Informational Note No. 2: See 90.2(B)(4) for installations 
of broadband communications systems that are not covered. 

830.2 Definitions. See Part I of Article 100. For purposes 
of this article, the following additional definitions apply. 

[ROP 16-213] 

Abandoned Network-Powered Broadband Communica¬ 
tions Cable. Installed network-powered broadband com¬ 
munications cable that is not terminated at equipment other 
than a connector and not identified for future use with a tag. 

Informational Note: See Part I of Article 100 for a defini¬ 
tion of Equipment. [ROP 16-214] 

Block. A square or portion of a city, town, or village en¬ 
closed by streets, including the alleys so enclosed but not 
any street. 
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Exposed (to Accidental Contact). A circuit in such a po¬ 
sition that, in case of failure of supports or insulation, con¬ 
tact with another circuit may result. 

Informational Note: See Part I of Article 100 for two other 

definitions of Exposed. [ROP 16-215] 

Fault Protection Device. An electronic device that is in¬ 
tended for the protection of personnel and functions under 
fault conditions, such as network-powered broadband com¬ 
munications cable short or open circuit, to limit the current 
or voltage, or both, for a low-power network-powered 
broadband communications circuit and provide acceptable 
protection from electric shock. 


(E) Output Circuits. As appropriate for the services pro¬ 
vided, the output circuits derived from the optical network 
terminal shall comply with the requirements of the follow¬ 
ing: 

(1) Installations of communications circuits — Part V of 
Article 800 

(2) Installations of community antenna television and radio 
distribution circuits — Part V of Article 820 

Exception: 830.90(B)(3) shall apply where protection is 
provided in the output of the NIU. 

(3) Installations of optical fiber cables — Part V of Article 
770 


Network Interface Unit (NIU). A device that converts a 
broadband signal into component voice, audio, video, data, 
and interactive services signals. The NIU provides isolation 
between the network power and the premises signal cir¬ 
cuits. The NIU may also contain primary and secondary 
protectors. 

Network-Powered Broadband Communications Circuit. 

The circuit extending from the communications utility’s 
serving terminal or tap up to and including the NIU. 

Informational Note: A typical single-family network- 
powered communications circuit consists of a communica¬ 
tions drop or communications service cable and an NIU 
and includes the communications utility’s serving te 
or tap where it is not under the exclusive control c 
communications utility. 

Point of Entrance. The point within a buili 
the network-powered broadband communi ible 

emerges from an external wall, from a coticr lab, 

from rigid metal conduit (RMC) oruntermedi. fcn- 

duit (IMC). [ROP 16-217] 


830.3 Other Articles. Circuits and 
ply with 830.3(A) through (F). 



(4) Installations of Class 2 and Class 3 circuits — Part III 
of Article 725 

(5) Installations <j|j )wer-limited fire alarm circuits — Part 
III of Artie 


;ical Damage. The require- 



ection Against 

.4 shall apply. 


Routing Assemblies. The definition in 800.2, 
in Table 800.154(c) , and the installation 
and 800.113 shall apply to Article 830. 

2 ] 


shall com 


.15 Power Limitations. Network-powered broadband 
munications systems shall be classified as having low- 
medium-power sources as specified in 830.15(1) or (2). 

(1) Sources shall be classified as defined in Table 830.15. 

(2) Direct-current power sources exceeding 150 volts to 
ground, but no more than 200 volts to ground, with the 
current to ground limited to 10 mA dc, that meet the 
current and power limitation for medium-power 
sources in Table 830.15 shall be classified as medium- 
power sources. 


(A) Hazardous (Classified) Locations. Network-powered 
broadband communications circuits and equipment in¬ 
stalled in a location that is classified in accordance with 
500.5 and 505.5 shall comply with the applicable require¬ 
ments of Chapter 5. 

(B) Wiring in Ducts for Dust, Loose Stock, or Vapor 
Removal. The requirements of 300.22(A) shall apply. 

[ROP 16-219] 

(C) Equipment in Other Space Used for Environmental 
Air. The requirements of 300.22(C)(3) shall apply. [ROP 
16-220] 

(D) Installation and Use. The requirements of 110.3(B) 
shall apply. 


Informational Note: One way to determine compliance 
with 830.15(2) is listed information technology equipment 
intended to supply power via a communications network 
that complies with the requirements for RFT-V circuits as 
defined in UL 60950-21-2007, Standard for Safety for In¬ 
formation Technology Equipment — Safety — Part 21: Re¬ 
mote Power Feeding. [ROP 16-76] 

830.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of network-powered 
broadband communications cables that prevents removal of 
panels, including suspended ceiling panels. 

830.24 Mechanical Execution of Work. Network- 
powered broadband communications circuits and equip¬ 
ment shall be installed in a neat and workmanlike manner. 
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Table 830.15 Limitations for Network-Powered Broadband 
Communications Systems 


Network Power Source 

Low 

Medium 

Circuit voltage, (volts) 1 

0-100 

0-150 

Power 

limitation, R4 max ( volt-amperes) 1 

250 

250 

Current limitation, / max 
(amperes) 1 

iooo/v max 

iooo/v max 

Maximum power rating 
(volt-amperes) 

100 

100 

Maximum voltage rating 
(volts) 

100 

150 

Maximum overcurrent 
protection (amperes) 2 

100/K max 

NA 


1 R max . / m ax> anc * T4 max are determined with the current-limiting im¬ 
pedance in the circuit (not bypassed) as follows: 

R max —Maximum system voltage regardless of load with rated in¬ 
put applied. 

7 max —Maximum system current under any noncapacitive load, in¬ 
cluding short circuit, and with overcurrent protection bypassed if 
used. / max limits apply after 1 minute of operation. 

R4 max —Maximum volt-ampere output after 1 minute of operation 
regardless of load and overcurrent protection bypassed if used. 
2 Overcurrent protection is not required where the current-limiting de¬ 
vice provides equivalent current limitation and the current-lj 
device does not reset until power or the load is removed. 


Cables installed exposed on the surface ,of ceilings 
sidewalls shall be supported by the building s fracture 
such a manner that the cable will not be damaged by nor' 
mal building use. Such cables shall be secured by hardware 
including straps, staples, cable ties, hangers, or similar fit¬ 
tings designed and installed so as not to damage the cable. 
The installation shall also conform to 300.411)) and 300.11. 
Cable ties used to secure network-powered broadband ple¬ 
num cables in other space u§gd for environmental air (ple¬ 
nums) shall be listed as having low stuff and heat release 
properties. [ROP 16-224, ROPll^E, ROP 16-226] 


Informational Note No. 1: Accepted industry practices are 
described in ANSI/NECA/BICSI 568-2006, Standard for 
Installing Commercial Building Telecommunications Ca¬ 
bling ; ANSI/TIA/EIA-568-B. 1-2004 — Part 1 General Re¬ 
quirements Commercial Building Telecommunications Ca¬ 
bling Standard; ANSI/TIA-569-B-2004, Commercial 
Building Standard for Telecommunications Pathways and 
Spaces ; ANSI/TIA-570-B-2009, Residential Telecommuni¬ 
cations Infrastructure ; and other ANSI-approved installa¬ 
tion standards. 


moved. Where cables are identified for future use with a 
tag, the tag shall be of sufficient durability to withstand the 
environment involved. 

830.26 Spread of Fire or Products of Combustion. In¬ 
stallations of network-powered broadband cables in hollow 
spaces, vertical shafts, and ventilation or air-handling ducts 
shall be made so that the possible spread of fire or products 
of combustion will not be substantially increased. Openings 
around penetrations of network-powered broadband cables 
through fire-resistant-rated walls, partitions, floors, or ceil¬ 
ings shall be hrestopped using approved methods to main¬ 
tain the fire resistance rating. 


Informational Note: Directories of electrical construction 
materials published by qualified testing laboratories contain 
many 
the j 



Installation restrictions necessary to maintain 
five rating of assemblies where penetrations or 
openings are made. Building codes also contain restrictions 
on membrane penetrations on opposite sides of a fire 
istance-rat@d k^all assembly. An example is the 600-mm 
4-in.) minimum horizontal separation that usually applies 
between boxes installed on opposite sides of the wall. As- 
in complying with 830.26 can be found in building 
, fire resistance directories, and product listings. 


£S Outside and Entering Buildings 

Entrance Cables. Network-powered broadband 
communications cables located outside and entering build¬ 
ings shall comply with 830.40(A) and (B). 

(A) Medium-Power Circuits. Medium-power network- 
powered broadband communications circuits located out¬ 
side and entering buildings shall be installed using Type 
BMU, Type BM, or Type BMR network-powered broad¬ 
band communications medium-power cables. 

(B) Low-Power Circuits. Low-power network-powered 
broadband communications circuits located outside and en¬ 
tering buildings shall be installed using Type BLU or Type 
BLX low-power network-powered broadband communica¬ 
tions cables. Cables shown in Table 830.154(b) shall be 
permitted to substitute. 

Exception: Outdoor community antenna television and ra¬ 
dio distribution system coaxial cables installed prior to 
January 1, 2000, and installed in accordance with Article 
820, shall be permitted for low-power-type, network- 
powered broadband communications circuits. 


Informational Note No. 2: See 4.3.11.2.6.5 and 
4.3.11.5.5.6 of NFPA 90A-2012, Standard for the Installa¬ 
tion of Air-Conditioning and Ventilating Systems, for dis¬ 
crete combustible components installed in accordance with 
300.22(C). [ROP 16-227] 

830.25 Abandoned Cables. The accessible portion of 
abandoned network-powered broadband cables shall be re¬ 


830.44 Overhead (Aerial) Cables. Overhead (aerial) 
network-powered broadband communications cables shall 
comply with 830.44(A) through (G). 

Informational Note: For additional information regarding 
overhead (aerial) wires and cables, see ANSI C2-2007, Na¬ 
tional Electric Safety Code, Part 2, Safety Rules for Over¬ 
head Lines. 
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(A) On Poles and In-Span. Where network-powered 
broadband communications cables and electric light or 
power conductors are supported by the same pole or are run 
parallel to each other in-span, the conditions described in 
830.44(A)(1) through (A)(4) shall be met. 

(1) Relative Location. Where practicable, the network- 
powered broadband communications cables shall be located 
below the electric light or power conductors. 


(2) 3.5 m (11.5 ft) — over residential property and drive¬ 
ways, and those commercial areas not subject to truck 
traffic 

(3) 4.7 m (15.5 ft) — over public streets, alleys, roads, 
parking areas subject to truck traffic, driveways on 
other than residential property, and other land traversed 
by vehicles such as cultivated, grazing, forest, and 
orchard 


(2) Attachment to Cross-Arms. Network-powered broad¬ 
band communications cables shall not be attached to a 
cross-arm that carries electric light or power conductors. 

(3) Climbing Space. The climbing space through network- 
powered broadband communications wires and cables shall 
comply with the requirements of 225.14(D). 

(4) Clearance. Lead-in or overhead (aerial)-drop network- 
powered broadband communications cables from a pole or 
other support, including the point of initial attachment to a 
building or structure, shall be kept away from electric light, 
power, Class 1, or non-power-limited fire alarm circuit 
conductors so as to avoid the possibility of accidental con¬ 
tact. 

Exception: Where proximity to electric light, power, Class 
1, or non-power-limited fire alarm circuit conductors can¬ 
not be avoided, the installation shall provide clearances of 
not less than 300 mm (12 in.) from electric lightjDower, 
Class 1, or non-power-limited fire alarm circuit conduc¬ 
tors. The clearance requirement shall apply ter all points 
along the drop, and it shall increase to 1.02 m (40 jg 
the pole. 


(B) Above Roofs. Network-powe: 
cations cables shall have a ve: 
than 2.5 m (8 ft) from all poin 
pass. 


Auxiliary buildings 



id commum- 
clearance of not Jfess 
roofs abov e which they 


arages and 


Exception No. 1: 
the like. 

Exception No. 2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm 
(18 in.) shall be permitted if (1) not more than 1.2 m (4 ft) 
of the broadband communications drop cables pass above 
the roof overhang, and (2) they are terminated at a 
through-the-roof raceway or support. 


Informational Note: These clearances have been specifi¬ 
cally chosen to correlate with ANSI C2-2007, National 
Electrical Safety Code, Table 232-1, which provides for 
clearances of wires, conductors, and cables above ground 
and roadways, rather than using the clearances referenced 
in 225.18. Because Article 800 and Article 820 have had no 
required clearances, the communications industry has used 
the clearances froja^the NESC for their installed cable 
plant. 

(D) Over Pools. Ck ;arance of network-powered broadband 
communications caofe ''in any direction from the water 
level, of pool, bare of diving platform, or anchored 
raft sljall comply with thosmdearances in 680.8. 

(E) Final Spans. Final spans of network-powered broad¬ 
band communications cables without an outer jacket shall 
be permitted tabe attached to the building, but they shall be 
kept not lessThan 900 mm (3 ft) from windows that are 
designecfwbe opened, doors, porches, balconies, ladders, 

tairs, fire escapes, or similar locations. 

geption: Conductors run above the top level of a win- 
dbw shall be permitted to be less than the 900-mm (3-ft) 
requirement above. 

Overhead (aerial) network-powered broadband commu¬ 
nications cables shall not be installed beneath openings 
through which materials might be moved, such as openings 
in farm and commercial buildings, and shall not be installed 
where they obstruct entrance to these building openings. 

(F) Between Buildings. Network-powered broadband 
communications cables extending between buildings or 
structures, and also the supports or attachment fixtures, 
shall be identified as suitable for outdoor aerial applications 
and shall have sufficient strength to withstand the loads to 
which they may be subjected. 


Exception No. 3: Where the roof has a slope of not less 
than 100 mm in 300 mm (4 in. in 12 in.), a reduction in 
clearance to not less than 900 mm (3 ft) shall be permitted. 

(C) Clearance from Ground. Overhead (aerial) spans of 
network-powered broadband communications cables shall 
conform to not less than the following: 

(1) 2.9 m (9.5 ft) — above finished grade, sidewalks, or 
from any platform or projection from which they might 
be reached and accessible to pedestrians only 


Exception: Where a network-powered broadband commu¬ 
nications cable does not have sufficient strength to be self- 
supporting, it shall be attached to a supporting messenger 
cable that, together with the attachment fixtures or sup¬ 
ports, shall be acceptable for the purpose and shall have 
sufficient strength to withstand the loads to which they may 
be subjected. 

(G) On Buildings. Where attached to buildings, network- 
powered broadband communications cables shall be se- 
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curely fastened in such a manner that they are separated 
from other conductors in accordance with 830.44(I)(1) 
through (I)(4). 

(1) Electric Light or Power. The network-powered broad¬ 
band communications cable shall have a separation of at 
least 100 mm (4 in.) from electric light, power, Class 1, or 
non-power-limited fire alarm circuit conductors not in race¬ 
way or cable, or be permanently separated from conductors 
of the other system by a continuous and firmly fixed non¬ 
conductor in addition to the insulation on the wires. 

(2) Other Communications Systems. Network-powered 
broadband communications cables shall be installed so that 
there will be no unnecessary interference in the mainte¬ 
nance of the separate systems. In no case shall the conduc¬ 
tors, cables, messenger strand, or equipment of one system 
cause abrasion to the conductors, cables, messenger strand, 
or equipment of any other system. 

(3) Lightning Conductors. Where practicable, a separa¬ 
tion of at least 1.8 m (6 ft) shall be maintained between any 
network-powered broadband communications cable and 
lightning conductors. 


(4) Protection from Damage. Network-powered 
band communications cables attached to buildings or 
tures and located within 2.5 m (8 ft) of finished grade 
be protected by enclosures, raceways, oj other approved 
means. 

Exception: A low-power network-pcnyeredt bn 
communications circuit that is equipped witlWa listed fault 
protection device, appropriate to the network-powered 
broadband communications cable used, and located on the 
network side of the net\ m& -oowered broadbiind communi¬ 
cations cable being prote> 

830.47 Underground Network-Powered Broadband 
Communications Cables Entering Buildings. Under¬ 
ground network-powered broadband communications 
cables entering buildings shall comply with 830.47(A) 
through (D). 

(A) Underground Systems with Electric Light and 
Power Conductors. Underground network-powered broad¬ 
band communications cables in a duct, pedestal, handhole 
enclosure, or manhole that contains electric light, power 
conductors, non-power-limited fire alarm circuit conduc¬ 
tors, or Class 1 circuits shall be in a section permanently 
separated from such conductors by means of a suitable 
barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried 
network-powered broadband communications cables shall 
be separated by at least 300 mm (12 in.) from conductors of 



any light, power, non-power-limited fire alarm circuit con¬ 
ductors or Class 1 circuit. 

Exception No. 1: Where electric sendee conductors or 
network-powered broadband communications cables are 
installed in raceways or have metal cable armor. 

Exception No. 2: Where electric light or power branch- 
circuit or feeder conductors, non-power-limited fire alarm 
circuit conductors, or Class 1 circuit conductors are in¬ 
stalled in a raceway or in metal-sheathed, metal-clad, or 
Type UF or Type USE cables; or the network-powered 
broadband communications cables have metal cable armor 
or are installed in a raceway. 

(C) Mechanical Protection. Direct-buried cable, conduit, 
or other raceways shall be installed to meet the minimum 
cover requirements of Table 830.47. In addition, direct- 
buried cablek. emerging from the ground shall be protected 
by enclosures, raceways, or other approved means extend- 

om the minimum cover distance required by Table 
7 below grad«o a point at least 2.5 m (8 ft) above 
,rade. In no case shall the protection be required to 
450 mm (18 in.) below finished grade. Type BMU 
LU direct-buried cables emerging from the ground 
shall bp installed in rigid metal conduit (RMC), intermedi- 
te metal conduit (IMC), rigid nonmetallic conduit, or other 
ed means extending from the minimum cover dis¬ 
tance required by Table 830.47 below grade to the point of 
entrance. [ROP 16-233, ROP 16-278] 

Exception: A low-power network-powered broadband 
communications circuit that is equipped with a listed fault 
protection device, appropriate to the network-powered 
broadband communications cable used, and located on the 
network side of the network-powered broadband communi¬ 
cations cable being protected. 

(D) Pools. Cables located under the pool or within the area 
extending 1.5 m (5 ft) horizontally from the inside wall of 
the pool shall meet those clearances and requirements 
specified in 680.10. 

830.49 Metallic Entrance Conduit Grounding. Rigid 
metal conduit (RMC) or intermediate metal conduit (IMC) 
containing network-powered broadband communications 
entrance cable shall be connected by a bonding conductor 
or grounding electrode conductor to a grounding elec¬ 
trode in accordance with 830.100(B). [ROP 16-234] 

III. Protection 

830.90 Primary Electrical Protection. 

(A) Application. Primary electrical protection shall be 
provided on all network-powered broadband communica¬ 
tions conductors that are neither grounded nor interrupted 
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Table 830.47 Network-Powered Broadband Communications Systems Minimum Cover Requirements (Cover is the shortest 
distance measured between a point on the top surface of any direct-buried cable, conduit, or other raceway and the top surface 
of finished grade, concrete, or similar cover.) 


Location of 

Direct Burial Cables 

Rigid Metal Conduit 
(RMC) or Intermediate 
Metal Conduit (IMC) 
[ROP 16-278, ROP 
16-233] 

Nonmetallic Raceways Listed 
for Direct Burial; Without 
Concrete Encasement or 
Other Approved Raceways 

or Circuit 

mm 

in. 

mm 

in. 

mm 

in. 

All locations not specified below 

450 

18 

150 

6 

300 

12 

In trench below 50-mm (2-in.) 
thick concrete or equivalent 

300 

12 

150 

6 

150 

6 

Under a building (in raceway 
only) 

0 

0 

0 

0 

0 

0 

Under minimum of 100-mm 
(4-in.) thick concrete exterior 
slab with no vehicular traffic 
and the slab extending not less 
than 150 mm (6 in.) beyond 
the underground installation 

300 

12 

100 

4 

100 

4 

One- and two-family dwelling 
driveways and outdoor parking 
areas and used only for 
dwelling-related purposes 

300 

12 

c 

12 

300 

12 


Notes: 

1. Raceways approved for burial only where concrete encased shall 

2. Lesser depths shall be permitted where cables rise for terminations 

3. Where solid rock is encountered, all wiring shall be installed in met; 
The raceways shall be covered by a minimum of 50 mm (2 in.) of concrl 

4. Low-power network-powered broadband communications circuits usin 
and radio distribution system coaxial cables that wetfc installed outside and 
accordance with Article 820 shall be permitted where buried Lp a! 

and are run partly or entirely in aerial cable n«t confined 
within a block. Also, primary electrical protection shall be 
provided on all aerial or underground network-powered 
broadband communications conductors that are neither 
grounded nor interrupted and are located within the block 
containing the building served so as t®)e exposed to light¬ 
ning or accidental contact with electric light or power con¬ 
ductors operating at over 300 volts to ground. 



®8Ki crete envelope not less than 50 mm (2 in.) thick, 
splices or where access is otherwise required. 

etalffewaceway permitted for direct burial, 
lending down to rock, 
ectly buried community antenna television 
ring buildings prior to January 1, 2000, in 
>th of 300 mm (12 in.). 

(1) Circuits in large metropolitan areas where buildings are 
close together and sufficiently high to intercept light¬ 
ning. 

(2) Areas having an average of five or fewer thunderstorm 
days each year and earth resistivity of less than 100 
ohm-meters. Such areas are found along the Pacific 
coast. 

(1) Fuseless Primary Protectors. Fuseless-type primary 


Exception: Where electrical protection is provided on the 
derived circuits) (output side of the NIU) in accordance 
with 830.90(B)(3). 

Informational Note No. 1: On network-powered broad¬ 
band communications conductors not exposed to lightning 
or accidental contact with power conductors, providing pri¬ 
mary electrical protection in accordance with this article 
helps protect against other hazards, such as ground poten¬ 
tial rise caused by power fault currents, and above-normal 
voltages induced by fault currents on power circuits in 
proximity to the network-powered broadband communica¬ 
tions conductors. 

Informational Note No. 2: Network-powered broadband 
communications circuits are considered to have a lightning 
exposure unless one or more of the following conditions 
exist: 


protectors shall be permitted where power fault currents on 
all protected conductors in the cable are safely limited to a 
value no greater than the current-carrying capacity of the 
primary protector and of the primary protector bonding 
conductor or grounding electrode conductor. [ROP 16- 
235] 

(2) Fused Primary Protectors. Where the requirements 
listed in 830.90(A)(1) are not met, fused-type primary pro¬ 
tectors shall be used. Fused-type primary protectors shall 
consist of an arrester connected between each conductor to 
be protected and ground, a fuse in series with each conduc¬ 
tor to be protected, and an appropriate mounting arrange¬ 
ment. Fused primary protector terminals shall be marked to 
indicate line, instrument, and ground, as applicable. 
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(B) Location. The location of the primary protector, where 
required, shall comply with (B)(1), (B)(2), or (B)(3): 

(1) A listed primary protector shall be applied on each 
network-powered broadband communications cable ex¬ 
ternal to and on the network side of the network inter¬ 
face unit. 

(2) The primary protector function shall be an integral part 
of and contained in the network interface unit. The 
network interface unit shall be listed as being suitable 
for application with network-powered broadband com¬ 
munications systems and shall have an external mark¬ 
ing indicating that it contains primary electrical protec¬ 
tion. 

(3) The primary protector(s) shall be provided on the de¬ 
rived circuit(s) (output side of the NIU), and the com¬ 
bination of the NIU and the protector(s) shall be listed 
as being suitable for application with network-powered 
broadband communications systems. 

A primary protector, whether provided integrally or ex¬ 
ternal to the network interface unit, shall be located as close 
as practicable to the point of entrance. 

For purposes of this section, a network interface unit 
and any externally provided primary protectors located at 
mobile home service equipment located in sight fri 
not more than 9.0 m (30 ft) from the exterior wall 
mobile home it serves, or at a mobile home disconne 
means grounded in accordance with 250.32 and locate: 
sight from and not more than 9.0 m (30 ft) from tie exterii 
wall of the mobile home it serves, ^pli be considered ti 
meet the requirements of this section. 

Informational Note: Selecting a network interface unit and 
primary protector locatiotmoachievc thti shortest practi¬ 
cable primary protector bonding conductor or grounding 
electrode conductor helps fanit potential: differences be¬ 
tween communications circoits'&nd other metallic systems. 


(C) Hazardous (Classified) Location!. The primary pro¬ 
tector or equipment providing the primary protection func¬ 
tion shall not be located in any hazardous (classified) loca¬ 
tion as defined in 500.5 and 505.5 or in the vicinity of 
easily ignitible material. 



with 250.32 and located within 9.0 m (30 ft) of the exterior 
wall of the mobile home it serves, shall be considered to 
meet the requirements of this section. 

Informational Note: Selecting a grounding location to 
achieve the shortest practicable bonding conductor or 
grounding electrode conductor helps limit potential differ¬ 
ences between the network-powered broadband communi¬ 
cations circuits and other metallic systems. 

(A) Entering Buildings. In installations where the 
network-powered communications cable enters the build¬ 
ing, the shield shall be grounded in accordance with 
830.100 and metallic members of the cable not used for 
communications or powering shall be grounded in accor¬ 
dance with 830.100, or interrupted by an insulating joint or 
equivalent device. The grounding or interruption shall be as 
close as pripmiable to the point of entrance. 

(B) germinating Outside of the Building. In installations 
where the network-powered communications cable is ter- 

ated outside of the building, the shield shall be 
grounded in accordaWhe with 830.100, and metallic mem¬ 
bers of the cable not used for communications or powering 
be grounded in accordance with 830.100 or inter¬ 
rupted by an insulating joint or equivalent device. The 
rounding or interruption shall be as close as practicable to 
int of attachment of the NIU. 

Informational Note: See 830.2 for the definition of Point 
of Entrance. 

IV. Grounding Methods 

830.100 Cable, Network Interface Unit, and Primary 
Protector Bonding and Grounding. Network interface 
units containing protectors, NIUs with metallic enclosures, 
primary protectors, and the metallic members of the 
network-powered broadband communications cable that are 
intended to be bonded or grounded shall be connected as 
specified in 830.100(A) through (D). 

(A) Bonding Conductor or Grounding Electrode Con¬ 
ductor. 


Exception: As permitted in 501.150, 502.150, and 
503.150. 

830.93 Grounding or Interruption of Metallic Members 
of Network-Powered Broadband Communications 
Cables. Network-powered communications cables entering 
buildings or attaching to buildings shall comply with 
830.93(A) or (B). 

For purposes of this section, grounding located at mo¬ 
bile home service equipment located within 9.0 m (30 ft) of 
the exterior wall of the mobile home it serves, or at a 
mobile home disconnecting means grounded in accordance 


(1) Insulation. The bonding conductor or grounding elec¬ 
trode conductor shall be listed and shall be permitted to be 
insulated, covered, or bare. 

(2) Material. The bonding conductor or grounding elec¬ 
trode conductor shall be copper or other corrosion-resistant 
conductive material, stranded or solid. 

(3) Size. The bonding conductor or grounding electrode 
conductor shall not be smaller than 14 AWG and shall have 
a current-carrying capacity not less than that of the 
grounded metallic member(s) and protected conductor(s) of 
the network-powered broadband communications cable. 
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The bonding conductor or grounding electrode conductor 
shall not be required to exceed 6 AWG. 

(4) Length. The bonding conductor or grounding electrode 
conductor shall be as short as practicable. In one- and two- 
family dwellings, the bonding conductor or grounding elec¬ 
trode conductor shall be as short as practicable, not to ex¬ 
ceed 6.0 m (20 ft) in length. [ROP 16-236] 

Informational Note: Similar bonding conductor or ground¬ 
ing electrode conductor length limitations applied at apart¬ 
ment buildings and commercial buildings help to reduce 
voltages that may be developed between the building’s 
power and communications systems during lightning 
events. 

Exception: In one- and two-family dwellings where it is 
not practicable to achieve an overall maximum bonding 
conductor or grounding electrode conductor length of 6.0 
m (20 ft), a separate communications ground rod meeting 
the minimum dimensional criteria of 830.100(B)(3)(2) shall 
be driven, and the grounding electrode conductor shall be 
connected to the communications ground rod in accordance 
with 830.100(C). The communications ground rod shall be 
bonded to the power grounding electrode system in accor¬ 
dance with 830.100(D). 

(5) Run in Straight Line. The bonding conductor or 
grounding electrode conductor shall be run in as straight a 
line as practicable. 

(6) Physical Protection. Bonding conduct 
ing electrode conductors shall be protected 
to physical damage. Where the bonding 
grounding electrode conductor is 
way, both ends of the raceway 
tained conductor or to the safiikterminal 
which the bonding conductor 
ductor is connected. 

(B) Electrode. The bonding conductor oP§rounding elec¬ 
trode conductor shall be connected in accordance with 
830.100(B)(1), (B)(2), or (B)(3). 

(1) In Buildings or Structures with an Intersystem 
Bonding Termination. If the building or structure served 
has an intersystem bonding termination as required by 
250.94, the bonding conductor shall be connected to the 
intersystem bonding termination. 

Informational Note: See Part I of Article 100 for the defi¬ 
nition of Intersystem Bonding Termination. [ROP 16-237] 

(2) In Buildings or Structures with Grounding Means. 

If the building or structure served has no intersystem bond¬ 
ing termination, the bonding conductor or grounding elec¬ 
trode conductor shall be connected to the nearest accessible 
location on one of the following: 



(1) The building or structure grounding electrode system 
as covered in 250.50 

(2) The grounded interior metal water piping system, 
within 1.5 m (5 ft) from its point of entrance to the 
building, as covered in 250.52 

(3) The power service accessible means external to enclo¬ 
sures as covered in 250.94 [ROP 16-238] 

(4) The nonflexible metallic power service raceway 

(5) The service equipment enclosure 

(6) The grounding electrode conductor or the grounding 
electrode conductor metal enclosure of the power ser¬ 
vice, or 

(7) The grounding electrode conductor or the grounding 
electrode of a building or structure disconnecting 
means that is^jnnected to an electrode as covered in 
250.32 

tended to provide a termination 
£ bonding cSnductor (intersystem bonding) shall 
ith the opening of an equipment enclosure. A 
shall be mounted on non-removable parts, 
vice shall not be mounted on a door or cover 
por or cover is non-removable. [ROP 16-239] 
s of this section, the mobile home service 
:he mobile home disconnecting means, as 
830.93, shall be considered accessible. 

In Buildings or Structures Without an Intersystem 
ding Termination or Grounding Means. If the build- 

g or structure served has no intersystem bonding termi¬ 
nation or grounding means, as described in 830.100(B)(2), 
the grounding electrode conductor shall be connected to 
either of the following: [ROP 16-240] 

(1) To any one of the individual grounding electrodes de¬ 
scribed in 250.52(A)(1), (A)(2), (A)(3), or (A)(4) 
[ROP 16-241] 

(2) If the building or structure served has no intersystem 
bonding termination or has no grounding means, as 
described in 830.100(B)(2) or (B)(3)(l), to any one of 
the individual grounding electrodes described in 
250.52(A)(7) and (A)(8), or to a ground rod or pipe not 
less than 1.5 m (5 ft) in length and 12.7 mm (V 2 in.) in 
diameter, driven, where practicable, into permanently 
damp earth and separated from lightning conductors as 
covered in 800.53 and at least 1.8 m (6 ft) from elec¬ 
trodes of other systems. Steam or hot water pipes or 
lightning-rod conductors shall not be employed as 
grounding electrodes for protectors, NIUs with integral 
protection, grounded metallic members, NIUs with me¬ 
tallic enclosures, and other equipment. [ROP 16-242] 

(C) Electrode Connection. Connections to grounding 
electrodes shall comply with 250.70. 
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(D) Bonding of Electrodes. A bonding jumper not smaller 
than 6 AWG copper or equivalent shall be connected be¬ 
tween the network-powered broadband communications 
system grounding electrode and the power grounding elec¬ 
trode system at the building or structure served where sepa¬ 
rate electrodes are used. 

Exception: At mobile homes as covered in 830.106. 

Informational Note No. 1: See 250.60 for use of air ter¬ 
minals (lightning rods). 

Informational Note No. 2: Bonding together of all sepa¬ 
rate electrodes limits potential differences between them 
and between their associated wiring systems. 

830.106 Grounding and Bonding at Mobile Homes. 

(A) Grounding. Grounding shall comply with 
830.106(A)(1) or (A)(2). 

(1) Where there is no mobile home service equipment lo¬ 
cated within 9.0 m (30 ft) of the exterior wall of the 
mobile home it serves, the network-powered broadband 
communications cable shield, network-powered broad¬ 
band communications cable metallic members not used 
for communications or powering, network in terfa ce 
unit, and primary protector grounding terminal shall be 
connected to a grounding electrode conductor or 
grounding electrode in accordance with 830.100(B)(3). 
[ROP 16-243] 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.31 and located within 
9.0 m (30 ft) of, the exterior wall ot the 

serves, the network-powered broadbanijLcommu n ica¬ 
tions cable shield, netvpffk-poWered broadband com¬ 
munications cable metallic members not used for com¬ 
munications or powering v network interface unit, and 
primary protector grounding termiptl shall be con¬ 
nected to a grounding electrode in accordance with 
830.100(B)(3). [ROP 16-244] 

(B) Bonding. The network-powered broadband communi¬ 
cations cable grounding terminal, network interface unit 
grounding terminal, if present, and primary protector 
grounding terminal shall be bonded together with a copper 
bonding conductor not smaller than 12 AWG. The network- 
powered broadband communications cable grounding ter¬ 
minal, network interface unit grounding terminal, primary 
protector grounding terminal, or the grounding electrode 
shall be bonded to the metal frame or available grounding 
terminal of the mobile home with a copper bonding con¬ 
ductor not smaller than 12 AWG under any of the following 
conditions: 

(1) Where there is no mobile home service equipment or 
disconnecting means as in 830.106(A) 

(2) Where the mobile home is supplied by cord and plug 


Y. Installation Methods Within Buildings 

830.110 Raceways and Cable Routing Assemblies for 
Network-Powered Broadband Communications Cables. 
[ROP 16-245] 

(A) Types of Raceways. Low-power network-powered 
broadband communications cables shall be permitted to be 
installed in any raceway that complies with either (A)( 1) or 
(A)(2), and in cable routing assemblies installed in compli¬ 
ance with (C). Medium-power network-powered broadband 
communications cables shall be permitted to be installed in 
any raceway that complies with (A)(1). [ROP 16-245] 

(1) Raceways Recognized in Chapter 3. Low-and 
medium-power network-powered broadband communica¬ 
tions cables, shall be permitted to be installed in any race¬ 
way included in Chapter 3. The raceways shall be installed 
in acwjrdance with the requirements of Chapter 3. 

S nunications Raceways. Low-power network- 
broadband communications cables shall be per- 
be installed in listed plenum communications 
listed riser communications raceways, and listed 
trpose communications raceways selected in ac- 
with the provisions of 800.113 and 830.113, and 
n accordance with 362.24 through 362.56, where 
the requirements applicable to electrical nonmetallic tubing 
apply. [ROP 16-245] 

(B) Raceway Fill for Network-Powered Broadband 
Communications Cables. Raceway fill for network- 
powered broadband communications cables shall comply 
with either (B)(1) or (B)(2). 

(1) Low-Power Network-Powered Broadband Commu¬ 
nications Cables. The raceway fill requirements of Chap¬ 
ters 3 and 9 shall not apply to low-power network-powered 
broadband communications cables. 

(2) Medium-Power Network-Powered Broadband 
Communications Cables. Where medium-power network- 
powered broadband communications cables are installed in 
a raceway, the raceway fill requirements of Chapters 3 and 
9 shall apply. 

(C) Cable Routing Assemblies. Network-powered broad¬ 
band communications cables shall be permitted to be in¬ 
stalled in plenum cable routing assemblies, riser cable rout¬ 
ing assemblies and general-purpose cable routing 
assemblies selected in accordance with the provisions of 
800.113, and installed in accordance with (1) and (2). 
[ROP 16-245] 

(1) Horizontal Support. Cable routing assemblies shall be 
supported where run horizontally at intervals not to exceed 
900 mm (3 ft), and at each end or joint, unless listed for 
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other support intervals. In no case shall the distance be¬ 
tween supports exceed 3 m (10 ft). [ROP 16-245] 

(2) Vertical Support. Vertical runs of cable routing assem¬ 
blies shall be securely supported at intervals not exceeding 
1.2 m (4 ft), unless listed for other support intervals, and 
shall not have more than one joint between supports. [ROP 
16-245] 

830.113 Installation of Network-Powered Broadband 
Communications Cables. Installation of network-powered 
broadband communications cables shall comply with 
830.113(A) through (H). 


Informational Note: For information on fire protection of 
wiring installed in other spaces used for environmental air, 
see 4.3.11.2, 4.3.11.4 and 4.3.11.5 of NFPA 90A-2012, 
Standard for the Installation of Air-Conditioning and Ven¬ 
tilating Systems. 

[ROP 16-247] 

(D) Risers — Cables in Vertical Runs. The following 
cables shall be permitted in vertical runs penetrating one or 
more floors and in vertical runs in a shaft: 

(1) Types BLP, BMR, and BLR cables 

(2) Types BLP and BLR cables installed in: 


(A) Listing. Network-powered broadband communications 
cables installed in buildings shall be listed. 

(B) Fabricated Ducts Used for Environmental Air.. The 

following cables shall be permitted in ducts as described in 
300.22(B) if they are directly associated with the air distri¬ 
bution system: 

(1) Up to 1.22 m (4 ft) of Type BLP cable 

(2) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in raceways that are installed in compliance 
with 300.22(B) 

Informational Note: For information on fire protection of 
wiring installed in fabricated ducts see 4.3.4.1 and 
4.3.11.3.3 in NFPA 90A-2012, Standard for the 
of Air-Conditioning and Ventilating Svste, 

16-247] 

(C) Other Spaces Used For Environmenf 
nums). The following cables 
spaces used for environmet 
300.22(C): 

(1) Type BLP cable 

(2) Type BLP cable installed in r rnications 

raceways 

(3) Type BLP cable supported by open metallic cable trays 
or cable tray systems 


a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cableffeuting assemblies 




See 830.26 for firestop requirements 


Informatioi 
for floor 


Cables in Metal Raceways. The following 
e permitted in a metal raceway in a riser with 
floor: 

BMR, BLR, BM, BL, and BLX cables 
P, BLR, and BL cables installed in: 

a. Plenum communications raceways 

b. Riser communications raceways 

c. General-purpose communications raceways 

Informational Note: See 830.26 for firestop requirements 
for floor penetrations. 

[ROP 16-247] 

(F) Risers — Cables in Fireproof Shafts. The following 
cables shall be permitted to be installed in fireproof riser 
shafts with firestops at each floor: 

(1) Types BLP, BMR, BLR, BM, BL, and BLX cables 

(2) Types BLP, BLR, and BL cables installed in: 


(4) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in raceways that are installed in compliance 
with 300.22(C) 

(5) Types BLP, BMR, BLR, BM, BL, and BLX cables 
supported by solid bottom metal cable trays with solid 
metal covers in other spaces used for environmental air 
(plenums) as described in 300.22(C) 

(6) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in plenum communications raceways, riser 
communications raceways or general-purpose commu¬ 
nications raceways supported by solid bottom metal 
cable trays with solid metal covers in other spaces used 
for environmental air (plenums) as described in 
300.22(C) 


a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

Informational Note: See 830.26 for firestop requirements 
for floor penetrations. 

[ROP 16-247] 

(G) Risers — One- and Two-Family Dwellings. The fol¬ 
lowing cables shall be permitted in one- and two-family 
dwellings: 
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(1) Types BLP, BMR, BLR, BM, and BL cables and BLX 
cables less than 10 mm (0.375 in.) in diameter 

(2) Types BLP, BLR, and BL cables installed in: 

a. Plenum communications raceways 

b. Riser cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing assemblies 

Informational Note: See 830.26 for firestop requirements 
for floor penetrations. 

[ROP 16-247] 

(H) Other Building Locations. The following cables and 
raceways shall be permitted to be installed in building lo¬ 
cations other than those covered in 830.113(B) through (G): 

(I) Types BLP, BMR, BLR, BM, and BL cables 

(2) Types BLP, BMR, BLR, BM, BL, and BLX cables 
installed in a raceway 

(3) Types BLP, BLR, and BL cables 

a. Plenum communications raceways 

b. Plenum cable routing assemblies 

c. Riser communications raceways 

d. Riser cable routing assemblies 

e. General-purpose communications raceways 

f. General-purpose cable routing 

(4) Type BLX cables less than 10 mm i 
eter in one- and two-family dwe 

(5) Types BMU and BLU cables eH 
from outside and run in rigid metal cAn^iit (RMC) or 
intermediate metal conduit (IMS] where the. conduit is 
connected by a bonding conductor or grounding elec¬ 
trode conductor in accordance with 830.100(B) 

Informational Note: This provision limits the length of 
Type BLX cable to 15 m (50 ft), while 830.90(B) requires 
that the primary protector, or NIU with integral protection, 
be located as close as practicable to the point at which the 
cable enters the building. Therefore, in installations requir¬ 
ing a primary protector, or NIU with integral protection. 
Type BLX cable may not be permitted to extend 15 m 
(50 ft) into the building if it is practicable to place the 
primary protector closer than 15 m (50 ft) to the entrance 
point. 

(6) A maximum length of 15 m (50 ft), within the building, 
of Type BLX cable entering the building from outside 
and terminating at an NIU or a primary protection 
location 

[ROP 16-247, ROP 16-233, ROP 16-278] 

830.133 Installation of Network-Powered Broadband 
Communications Cables and Equipment. Cable and 
equipment installations within buildings shall comply with 
830.133(A) through (C), as applicable. 



(A) Separation of Conductors. 

(1) In Raceways, Cable Trays, Boxes, Enclosures and 
Cable Routing Assemblies. 

(a) Low- and Medium-Power Network-Powered 
Broadband Communications Circuit Cables. Low- and 
medium-power network-powered broadband communica¬ 
tions cables shall be permitted in the same raceway, cable 
tray, box, enclosure or cable routing assembly. 

(b) Low-Power Network-Powered Broadband Commu¬ 
nications Circuit Cables with Optical Fiber Cables and 
Other Communications Cables. Low-power network- 
powered broadband communications cables shall be per¬ 
mitted in the same raceway, cable tray, box, enclosure, or 
cable routing assembly with jacketed cables of any of the 
following cn«h:s: 

(1) Communications circuits in compliance with Parts I 
and V of Article 800 

(2) Jsfonconductive and conductive optical fiber cables in 
Compliance with Parts I and V of Article 770 

5) Community antenna television and radio distribution 
systems in compliance with Parts I and V of Article 

fo 

ow-Power Network-Powered Broadband Communi- 
ations mdircuit Cables with Other Circuits. Low-power 
k-powered broadband communications cables shall 
be permitted in the same raceway, cable tray, box, enclo¬ 
sure, or cable routing assembly with jacketed cables of any 
of the following circuits: 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Parts I and 
III of Article 725 

(2) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 

(d) Medium-Power Network-Powered Broadband Com¬ 
munications Circuit Cables with Optical Fiber Cables and 
Other Communications Cables. Medium-power network- 
powered broadband communications cables shall not be 
permitted in the same raceway, cable tray, box, enclosure or 
cable routing assembly with conductors of any of the fol¬ 
lowing circuits: 

(1) Communications circuits in compliance with Parts I 
and V of Article 800 

(2) Conductive optical fiber cables in compliance with 
Parts I and V of Article 770 

(3) Community antenna television and radio distribution 
systems in compliance with Parts I and V of Article 
820 

(e) Medium-Power Network-Powered Broadband Com¬ 
munications Circuit Cables with Other Circuits. Medium- 
power network-powered broadband communications cables 
shall not be permitted in the same raceway, cable tray, box, 
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enclosure, or cable routing assembly with conductors of 
any of the following circuits: 

(1) Class 2 and Class 3 remote-control, signaling, and 
power-limited circuits in compliance with Parts I and 
III of Article 725 

(2) Power-limited fire alarm systems in compliance with 
Parts I and III of Article 760 

[ROP 16-250, ROP 16-251, ROP 16-252, ROP 16-253] 

(f) Electric Light, Power, Class 1, Non-Powered Broad¬ 
band Communications Circuit Cables. Network-powered 
broadband communications cable shall not be placed in any 
raceway, cable tray, compartment, outlet box, junction box, 
or similar fittings with conductors of electric light, power. 
Class 1, or non-power-limited fire alarm circuit cables. 


(2 in.) from conductors of any electric light, power, Class 1, 
and non-power-limited fire alarm circuits. 

Exception No. 1: Where either (1) all of the conductors of 
electric light, power, Class 1, and non-power-limited fire 
alarm circuits are in a raceway, or in metal-sheathed, 
metal-clad, nonmetallic-sheathed, Type AC, or Type UF 
cables, or (2) all of the network-powered broadband com¬ 
munications cables are encased in raceway. 

Exception No. 2: Where the network-powered broadband 
communications cables are permanently separated from the 
conductors of electric light, power. Class 1, and non- 
power-limited fire alarm circuits by a continuous and firmly 
fixed nonconductor, such as porcelain tubes or flexible tub¬ 
ing, in addition to the insulation on the wire. 


Exception No. 1: Where all of the conductors of electric 
light, power, Class 1, non-power-limited fire alarm circuits 
are separated from all of the network-powered broadband 
communications cables by a permanent barrier or listed 
divider. 

Exception No. 2: Power circuit conductors in outlet boxes, 
junction boxes, or similar fittings or compartments where 
such conductors are introduced solely for power supply to 
the network-powered broadband communications system 
distribution equipment. The power circuit conductors shah 
be routed within the enclosure to maintain a minimum 
6-mm (0.25-in.) separation from network-powered broad¬ 
band communications cables. 

(2) Other Applications. Network-power^ 
communications cable shall be separated 

Table 830.154(a) Applications of Netwo 


(B) Support of 
nications Cab 

tended purpi 
tions cab! 


meai le exterior of 
of sj 




-Powered Broadband Commu- 

Jtaceways shall be used for their in- 
•rk-powered broadband communica- 
rapped, taped, or attached by any 
conduit or raceway as a means 


830.154 Applications of Network-Powered Broadband 
Communications System Cables. Permitted and nonper- 
appIications of listed network-powered broadband 
ations system cables shall be as indicated in 
54(a). The permitted applications shall be sub- 
to the installation requirements of 830.40, 830.110 and 
1.113. The substitutions for network-powered broadband 
Stem cables listed in Table 830.154(b) shall be permitted. 

Cables in Buildings [ROP 16-255, ROP 16-233, ROP 16-278] 

Cable Types 



Applications 

- 

BLP 

BLR 

BL 

BMR 

BM 

BLX 

BMU, 

BLU 

In Specifically Fabricated 
Ducts as Described in 

In fabricated ducts as describea in 
300.22(B) 

Y* 

N 

N 

N 

N 

N 

N 

300.22(B) 

In metal raceway that complies with 
300.22(B) 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

In Other Spaces Used for 
Environmental Air as 
Described in 300.22(C) 

In other spaces used for 
environmental air as described in 
300.22(C) 

Y* 

N 

N 

N 

N 

N 

N 


In metal raceway that complies with 
300.22(C) 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 


In plenum communications raceways 

Y* 

N 

N 

N 

N 

N 

N 


In plenum cable routing assemblies 

NOT PERMITTED 


Supported by open metal cable trays 

Y* 

N 

N 

N 

N 

N 

N 


Supported by solid bottom metal 
cable trays with solid metal covers 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 
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Table 830.154(a) Continued 


Cable Types 


Applications 

BLP 

BLR 

BL 

BMR 

BM 

BLX 

BMU, 

BLU 

In Risers 

In vertical runs 

Y* 

Y* 

N 

Y* 

N 

N 

N 

In metal raceways 

y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

In fireproof shafts 

Y* 

Y* 

Y* 

Y* 

Y* 

Y* 

N 

In plenum communications raceways 

Y* 

Y* 

N 

N 

N 

N 

N 

In plenum cable routing assemblies 

Y* 

Y* 

N 

N 

N 

N 

N 

In riser communications raceways 

Y* 

Y* 

N 

N 

N 

N 

N 

In riser cable routing assemblies 

Y* 

Y* 

N 

N 

N 

N 

N 

In one- and two-family dwellings 

Y* 

Y* 


Y* 

Y* 

Y* 

N 

Within Buildings in Other 
Than Air-Handling 

Spaces and Risers 

General 

Y* 

Y* A 

% 

Y* 

Y* 

Y* 

N 

In one- and two-family dwellings 

Y* 



Y* 

Y* 

Y* 

N 

Supported by cable trays 

Y* 

M 

Y* ^ 


Y* 

N 

N 

In rigid metal conduit (RMC) and 
intermediate metal conduit (IMC) 

Y* 

/ 

► y* 

Y* 

Y* 

Y* 

Y* 

In any raceway recognized in 

Chapter 3 \ 


Y* 

Y* 

Y* 

Y* 

Y* 

N 

In plenum communications raceways 



Y* 

N 

N 

N 

N 

In plenum cable routing assemblies 

x / 

Y* 

Y* 

N 

N 

N 

N 

In riser communications raceways 


Y* 

Y* 

N 

N 

N 

N 

In riser cable routing assemblies 


Y* 

Y* 

N 

N 

N 

N 

In generalja&jRQse communications 

Y* 

Y* 

Y* 

N 

N 

N 

N 

In gi^ral-purpose dable roum^^ 
asseml^tes 

Y* 

Y* 

Y* 

N 

N 

N 

N 


Note: An “N” in the table indicates that the cablp type shall not be permitted to be installed in the application. A “Y*” indicates that the cable is 
permitted to be installed in the application, suPjcct to the limitations described in 830.113. 


Informational Note 1: Part V of Article 830 covers installation methods within buildings. This table covers the applications of listed network- 
powered broadband communications cables in buildings. The definition of point of entrance is in 830.2. Network-powered broadband communi¬ 
cations cables entrance cables that have not emerged from the rigid metal conduit (RMC) or intermediate metal conduit (IMC) are not considered 
to be in the building. 

Informational Note No. 2: For information on the restrictions to the installation of network-powered broadband communications cables in 
fabricated ducts see 830.113(B). 

Informational Note No. 3: Cable routing assemblies are not addressed in NFPA 90A-2012, Standard for the Installation of Air Conditioning and 
Ventilating Systems. 


Table 830.154(b) Cable Substitutions 


Cable 

Type 

Permitted Cable Substitutions 

BM 

BMR 

BLP 

CMP, CL3P 

BLR 

CMP, CL3P, CMR, CL3R, BLP. BMR 

BL 

CMP, CMR, CM, CMG, CL3P, CL3R. CL3, BMR, 
BM, BLP. BLR 

BLX 

CMP, CMR, CM, CMG, CMX, CL3P, CL3R, CL3, 
CL3X, BMR, BM, BLP, BRP. BL 
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830.160 Bends. Bends in network broadband cable shall 
be made so as not to damage the cable. 

VI. Listing Requirements 

830.179 Network-Powered Broadband Communica¬ 
tions Equipment and Cables. Network-powered broad¬ 
band communications equipment and cables shall be listed 
and marked in accordance with 830.179(A) or (B). 

Exception No. 1: This listing requirement shall not apply 
to community antenna television and radio distribution sys¬ 
tem coaxial cables that were installed prior to January 1, 
2000, in accordance with Article 820 and are used for 
low-power network-powered broadband communications 
circuits. 

Exception No. 2: Substitute cables for network-powered 
broadband communications cables shall be permitted as 
shown in Table 830.154(b). 


(A) Network-Powered Broadband Communications 
Medium-Power Cables. Network-powered broadband 
communications medium-power cables shall be factory- 
assembled cables consisting of a jacketed coaxial cable, a 
jacketed combination of coaxial cable and multiple indi 
vidual conductors, or a jacketed combination of an optical 
fiber cable and multiple individual conductors. The insula 
tion for the individual conductors shall be rated for 300 
volts minimum. Cables intended for outdoo: 
listed as suitable for the application. Cables- 
in accordance with 310.120. 


(1) Type BMR. Type BMR cable, 
suitable for use in a vertical ru 
floor and shall also be listed as* 
teristics capable of preventing 
floor to floor. 



emg 
to 
charac- 
re from 


Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSI/UL 1666-2011, Standard Test for Flame Propaga¬ 
tion Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. [ROP 16-76] 

(2) Type BM. Type BM cables shall be listed as being 
suitable for general-purpose use, with the exception of ris¬ 
ers and plenums, and shall also be listed as being resistant 
to the spread of fire. 


fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA Vertical Flame Test — 
Cables in Cable Trays, as described in CSA C22.2 No. 
0.3-M-2001, Test Methods for Electrical Wires and Cables. 

(3) Type BMU. Type BMU cables shall be jacketed and 
listed as being suitable for outdoor underground use. 

(B) Network-Powered Broadband Communication 
Low-Power Cables. Network-powered broadband commu¬ 
nications low-power cables shall be factory-assembled 
cables consisting of a jacketed coaxial cable, a jacketed 
combination of coaxial cable and multiple individual con¬ 
ductors, or a jacketed combination of an optical fiber cable 
and multiple individual conductors. The insulation for the 
individual conductors shall be rated for 300 volts mini¬ 
mum. Cables intended for outdoor use shall be listed as 
suitable for the appfeation. Cables shall be marked in ac¬ 
cordance with ,310.120. 

(1) Type TJL'P. Type BLP cables shall be listed as being 
suitable for use in ducts^fcnums, and other spaces used for 
environmental air and shimralso be listed as having ad¬ 
equate fire-resistant and low smoke-producing characteris¬ 
tics. 

Informational Note: One method of defining a cable that is 
smokwq3roducing cable and fire-resistant cable is that 
exhibits a maximum peak optical density of 0.50 
less^ft average optical density of 0.15 or less, and a 
maximum flame spread distance of 1.52 m (5 ft) or less 
when tested in accordance with NFPA 262-2011, Standard 
'ethod of Test for Flame Travel and Smoke of Wires and 
Cables for Use in Air-Handling Spaces. [ROP 16-78, ROP 
16-257] 

(2) Type BLR. Type BLR cables shall be listed as being 
suitable for use in a vertical run in a shaft, or from floor to 
floor, and shall also be listed as having fire-resistant char¬ 
acteristics capable of preventing the carrying of fire from 
floor to floor. 

Informational Note: One method of defining fire-resistant 
characteristics capable of preventing the carrying of fire 
from floor to floor is that the cables pass the requirements 
of ANSI/UL 1666-2011, Standard Test for Flame Propaga¬ 
tion Height of Electrical and Optical-Fiber Cable Installed 
Vertically in Shafts. [ROP 16-76] 

(3) Type BL. Type BL cables shall be listed as being suit¬ 
able for general-purpose use, with the exception of risers 
and plenums, and shall also be listed as being resistant to 
the spread of fire. 



Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the UL Flame Exposure, Vertical Tray 
Flame Test in ANSI/UL 1685-2010, Standard for Safety for 
Vertical-Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke measure¬ 
ments in the test method are not applicable. [ROP 16-76] 
Another method of defining resistant to the spread of 


Informational Note: One method of defining resistant to 
the spread of fire is that the cables do not spread fire to the 
top of the tray in the UL Flame Exposure, Vertical Tray 
Flame Test in ANSI/UL 1685-2010, Standard for Safety for 
Vertical-Tray Fire-Propagation and Smoke-Release Test for 
Electrical and Optical-Fiber Cables. The smoke measure¬ 
ments in the test method are not applicable. [ROP 16-76] 
Another method of defining resistant to the spread of 
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fire is for the damage (char length) not to exceed 1.5 m (4 ft 
11 in.) when performing the CSA Vertical Flame Test — 
Cables in Cable Trays, as described in CSA C22.2 No. 
0.3-2001, Test Methods for Electrical Wires and Cables. 

(4) Type BLX. Type BLX limited-use cables shall be 
listed as being suitable for use outside, for use in dwellings, 
and for use in raceways and shall also be listed as being 
resistant to flame spread. 

Informational Note: One method of determining that cable 
is resistant to flame spread is by testing the cable to VW-1 
(vertical-wire) flame test in ANSI/UL 1581-2011, Refer¬ 
ence Standard for Electrical Wires, Cables and Flexible 
Cords. [ROP 16-76] 


Informational Note No. 4: See 90.2(B)(4) for installations 
of premises-powered broadband communications systems 
that are not covered. [ROP 16-262] 

840.2 Definitions. The definitions in Part I of Article 100 
and 770.2, 800.2, and 820.2 shall apply. For purposes of 
this article, the following additional definitions apply. 

[ROP 16-265] 

Fiber-to-the-Premises (FTTP). Conductive or non- 
conductive optical fiber cable that is brought to the pre¬ 
mises, is terminated at an optical network terminal (ONT), 
and establishes a connection to a communications network. 

[ROP 16-267] 


(5) Type BLU. Type BLU cables shall be jacketed and 
listed as being suitable for outdoor underground use. 

830.180 Grounding Devices. Where bonding or ground¬ 
ing is required, devices used to connect a shield, sheath or 
non-current-carrying metallic members of a cable to a 
bonding conductor or grounding electrode conductor shall 
be listed or be part of listed equipment. [ROP 16-258] 


ARTICLE 840 
Premises-Powered Broai 
Communications S 

I. General 

840.1 Scope. This articli 
band communications 
tion of voice, video, data' 

16-260] 


Optical Network Terminal (ONT). A device that converts 
an optical signal into component signals, including voice, 
audio, video, data, wireless, and interactive service electri¬ 
cal, and is considered to be network interface equipment. 



pd broad- 
any combina- 
|services. [ROP 


Informational Note No. 1: ExampT^of premises-powered 
broadband communications systems are services through an 
optical network terminal (ONT) or parabolic antenna sys¬ 
tem. [ROP 16-260] 

Informational Note No. 2: A typical basic optical fiber 
system configuration consists of an optical fiber cable to the 
premises (FTTP) supplying a broadband signal to an ONT 
that converts the broadband optical signal into component 
electrical signals, such as traditional telephone, video, high¬ 
speed internet, and interactive services. Powering of the 
ONT is typically accomplished through an ONT power 
supply unit (OPSU) and battery backup unit (BBU) that 
derive their power input from the available ac at the pre¬ 
mises. The optical fiber cable is unpowered and may be 
nonconductive or conductive. [ROP 16-261] 



es Communications Circuit. The circuit that ex¬ 
voice, audio, video, data, interactive services, tele- 
cept radiojjand outside wiring for fire alarm and 
arm from the service provider’s ONT to the cus- 
communications equipment up to and including 
equipment, such as a telephone, a fax machine, or 
ring machine. 

ses Community Antenna Television (CATV) 
Circuit. The circuit that extends community antenna tele¬ 
vision (CATV) systems for audio, video, data, and interac¬ 
tive services from the service provider’s ONT to the appro¬ 
priate customer equipment. 

840.3 Other Articles. 

(A) Hazardous (Classified) Locations. Premises-powered 
broadband communications circuits and equipment in¬ 
stalled in a location that is classified in accordance with 
500.5 and 505.5 shall comply with the applicable require¬ 
ments of Chapter 5. 

(B) Cables in Ducts for Dust, Loose Stock, or Vapor 
Removal. The requirements of 300.22(A) for wiring sys¬ 
tems shall apply to conductive optical fiber cables. [ROP 

16-269] 

(C) Equipment in Other Space Used for Environmental 
Air. The requirements of 300.22(C) (3) shall apply. [ROP 
16-270] 

(D) Installation and Use. The requirements of 110.3(B) 
shall apply. [ROP 16-272] 


Informational Note No. 3: A typical parabolic antenna 
signal receiving system consists of a parabolic antenna sup¬ 
plying signal to and powered by an on premises receiving 
unit through coaxial cabling. [ROP 16-263] 


(E) Output Circuits. As appropriate for the services pro¬ 
vided, the output circuits derived from the optical network 
terminal shall comply with the requirements of the follow¬ 
ing: 
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(1) Installations of communications circuits — Part V of 
Article 800 

(2) Installations of community antenna television and radio 
distribution circuits — Part V of Article 820 

(3) Installations of optical fiber cables — Part V of Article 
770 

(4) Installations of Class 2 and Class 3 circuits — Part III 
of Article 725 

(5) Installations of power-limited fire alarm circuits — Part 
III of Article 760 

[ROP 16-271, ROP 16-272] 

840.21 Access to Electrical Equipment Behind Panels 
Designed to Allow Access. Access to electrical equipment 
shall not be denied by an accumulation of premises- 
powered broadband cables that prevents removal of panels, 
including suspended ceiling panels. 

840.24 Mechanical Execution of Work. The require¬ 
ments of 770.24, 800.24, and 820.24 shall apply. 

840.25 Abandoned Cables. The requirements of 770.25, 
800.25, and 820.25 shall apply. 

840.26 Spread of Fire or Products of Combustion. The 

requirements of 770.26, 800.26, and 820.26 shall apply. 


II. Cables Outside and Entering Building: 

840.44 Overhead Optical Fiber Cables 

fiber cables containing a non-current-carry: 
member entering buildings shall comply with 
and (B). 

(A) On Poles and In-Span. Where outside plant optical 
fiber cables and electric light or powerkconductors are sup¬ 
ported by the same pole or are run parallel to each other 
in-span, the conditions described in 840.44(A)(1) through 
(A)(4) shall be met. 

(1) Relative Location. Where practicable, the outside 
plant optical fiber cables shall be located below the electric 
light or power conductors. 



the span, including the point of and at their attachment to 
the building. Clearance of not less than 1.0 m (40 in.) shall 
be maintained between the two services at the pole. [ROP 
16-273] 

(B) Above Roofs. Outside plant optical fiber cables shall 
have a vertical clearance of not less than 2.5 m (8 ft) from 
all points of roofs above which they pass. 

Exception No. 1: The requirement of 840.44(B) shall not 
apply to auxiliary buildings, such as garages and the like. 

Exception No. 2: A reduction in clearance above only the 
overhanging portion of the roof to not less than 450 mm 
(18 in.), shall be permitted if (a) not more than 1.2 m (4 ft) 
of premises-powered broadband communications service- 
drop cable passes 
cable is terminal 
way or approved 
Exception 

than lOQfijkm in 300 
clearance to not less ; 


•ve the roof overhang, and (b) the 
a through- or above-the-roof race- 
port. 

the roof has a slope of not less 
in. in 12 in.), a reduction in 
mm (3 ft) shall be permitted. 


Note: For additional information regarding 
ires and cables, see ANSI C2-2007, National 
Code, Part 2, Safety Rules for Overhead 


840.47 Underground Optical Fiber Cables Entering 
dings. Underground optical fiber cables entering build- 
gs shall comply with 840.47(A) through (C). 

Class 1 or Non-Power-Limited Fire Alarm Circuits. 

nderground optical fiber cables with a non-current¬ 
carrying metallic member entering buildings with electric 
light, power. Class 1, or non-power-limited fire alarm cir¬ 
cuit conductors in a raceway, handhole enclosure, or man¬ 
hole shall be located in a section separated from such con¬ 
ductors by means of brick, concrete, or tile partitions or by 
means of a suitable barrier. 

(B) Direct-Buried Cables and Raceways. Direct-buried 
optical fiber cables with a non-current-carrying metallic 
member shall be separated by at least 300 mm (12 in.) from 
conductors of any electric light, power, or non-power- 
limited fire alarm circuit conductors or Class 1 circuit. 


(2) Attachment to Cross-Arms. Attachment of outside 
plant optical fiber cables to a cross-arm that carries electric 
light or power conductors shall not be permitted. 

(3) Climbing Space. The climbing space through outside 
plant optical fiber cables shall comply with the require¬ 
ments of 225.14(D). 

(4) Clearance. Supply service drops and sets of overhead 
service conductors of 0-750 volts running above and par¬ 
allel to broadband communications service drops shall have 
a minimum separation of 300 mm (12 in.) at any point in 


Exception No. 1: Where electric service conductors are 
installed in raceways or have metal cable armor. 

Exception No. 2: Where electric light or power branch- 
circuit or feeder conductors, non—power-limited fire alarm 
circuit conductors, or Class 1 circuit conductors are in¬ 
stalled in a raceway or in metal-sheathed, metal-clad, or 
Type UF or Type USE cables. 

(C) Mechanical Protection. Direct-buried cable, conduit, 
or other raceway shall be installed to have a minimum 
cover of 150 mm (6 in.). 
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840.106 


840.48 Unlisted Cables and Raceways Entering Build¬ 
ings. The requirements of 770.48 shall apply. 

840.49 Metallic Entrance Conduit Grounding. The re¬ 
quirements of 770.49 shall apply. [ROP 16-280] 

III. Protection 

840.90 Protective Devices. The requirements of 800.90 
shall apply. 

840.93 Grounding or Interruption. Non-current-carrying 
metallic members of optical fiber cables, communications 
cables or coaxial cables entering buildings or attaching to 
buildings shall comply with 840.93(A), (B) or (C), respec¬ 
tively. [ROP 16-281] 

(A) Non-Current-Carrying Metallic Members of Opti¬ 
cal Fiber Cables. Non-current-carrying metallic members 
of optical fiber cables entering a building or terminating on 
the outside of a building shall comply with 770.93(A) or 

(B) . 

(B) Communications Cables. The grounding or interrup¬ 
tion of the metallic sheath of communications cable shall 
comply with 800.93. 




(C) Coaxial Cables. Where the ONT is in stalled insi 
outside of the building, with coaxial cables terminating^ 
the ONT, and is either entering, exiting, or attached to tl 
outside of the building, 820.93 shalK®jgly. 

IV. Grounding Methods 


840.100 ONT and 

Grounding required for 
fiber cable shall comply witl? 
as applicable. 



le Grounding. 

NT and optical 
100, or 820.100, 


840.101 Premises Circuits Not Leaving the Building. 

Where the ONT is served by a nonconductive optical fiber 
cable, or where any non-current-carrying metallic member 
is interrupted by an insulating joint or equivalent device, 
and circuits that terminate at the ONT and are completely 
contained within the building (i.e., they do not exit the 
building), 840.101(A), (B), and (C) shall apply, as appli¬ 
cable. 

(A) Coaxial Cable Shield Grounding. The shield of co¬ 
axial cable shall be grounded by one of the following: 

(1) Any of the methods described in 820.100 or 820.106 

(2) A fixed connection to an equipment grounding conduc¬ 
tor as described in 250.118 

(3) Connection to the ONT grounding terminal provided 
that the terminal is connected to ground by one of the 


methods described in 820.100 or 820.106, or to an 
equipment grounding conductor through a listed 
grounding device that will retain the ground connection 
if the ONT is unplugged 

(B) Communications Circuit Grounding. Communica¬ 
tions circuits shall not be required to be grounded. 

(C) ONT Grounding. The ONT shall not be required to be 
grounded unless required by its listing. If the coaxial cable 
shield is separately grounded as described in 840.101(A)(1) 
or 840.101(A)(2), the use of a cord and plug for the con¬ 
nection to the ONT grounding connection shall be permit¬ 
ted. 

Informational Note: Where required to be grounded, a 
at extends the equipment grounding conduc- 
eceptacle to the ONT equipment grounding 
emitted. Sizing of the extended equipment 
uctor is covered in Table 250.122. 



OP 16-2: 



rounding and Bonding at Mobile Homes. 


rounding. Grounding shall comply with (1) and (2). 

re there is no mobile home service equipment lo- 
edwifthin 9.0 m (30 ft) of the exterior wall of the mobile 
hoMe it serves, the non-current-carrying metallic members 
of optical fiber cables shall be connected to a grounding 
electrode in accordance with 770.106(A)(1), The ONT, if 
required to be grounded, shall be connected to a grounding 
electrode in accordance with 800.106(A)(1). Premises 
CATV circuits shall be grounded in accordance with 
820.106(A)(1) unless the ONT is listed to provide the 
grounding path for the shield of the coaxial cable. The 
grounding electrode shall be bonded in accordance with 
770.106(B). [ROP 16-283] 

(2) Where there is no mobile home disconnecting means 
grounded in accordance with 250.32 and located within 9.0 
m (30 ft) of the exterior wall of the mobile home it serves, 
the non-current-carrying metallic members of optical fiber 
cables shall be connected to a grounding electrode in ac¬ 
cordance with 770.106(A)(2), The ONT, if required to be 
grounded, shall be connected to a grounding electrode in 
accordance with 800.106(A)(2). Premises CATV circuits 
shall be grounded in accordance with 820.106(A)(2) unless 
the ONT is listed to provide the grounding path for the 
shield of the coaxial cable. The grounding electrode shall 
be bonded in accordance with 770.106(B). [ROP 16-284] 

(B) Bonding. The ONT grounding terminal or grounding 
electrode shall be connected to the metal frame or available 
grounding terminal of the mobile home with a copper con¬ 
ductor not smaller than 12 AWG under any of the following 
conditions: 
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(1) Where there is no mobile home service equipment or 
disconnecting means as specified in 840.106(A). 

(2) Where the mobile home is supplied by cord and plug. 

V. Installation Methods Within Buildings 

840.110 Raceways for Premises-Powered Broadband 
Communications Optical Fiber Cables. The requirements 
of 770.110 shall apply. 

840.113 Installation Past the ONT. Installation of pre¬ 
mises communications circuits and premises coaxial cir¬ 
cuits shall comply with 840.113(A) and (B). 

(A) Premises Communications Circuits. Premises com¬ 
munications wires and cables installed in a building from 
the ONT shall be listed in accordance with 800.179, and the 
installation shall comply with 800.113 and 800.133. 

(B) Premises Community Antenna Television (CATV) 
Circuits. Premises CATV coaxial cables installed in a 
building from the ONT shall be listed in accordance with 
820.179, and the installation shall comply with 820.113 and 
820.133. 

840.133 Installation of Optical Fibers and Electrical 
Conductors Associated with Premises-Powered Broad¬ 
band Communications Systems. The requirements of 

770.133 shall apply. 

840.154 Applications of Listed Optical 
and Raceways. The requirements of 770.1 

VI. Listing Requirements 

840.170 Equipment and 

broadband communications s 
shall comply with 840.170(A) 



(A) Optical Network Terminal. The ONT and applicable 
grounding means shall be listed for application with 
premises-powered broadband communications systems. 

Informational Note No. 1: One way to determine appli¬ 
cable requirements is to refer to UL 60950-1-2007, Stan¬ 
dard for Safety of Information Technology Equipment; UL 
498A-2008, Current Taps and Adapters; or UL 467-2007, 
Grounding and Bonding Equipment. 

Informational Note No. 2: There are no requirements on 
the ONT and its grounding methodologies except for those 
covered by the listing of the product. 

(B) Optical Fiber Cables. Optical fiber cables shall be 
listed in accordance with 770.179(A) through (D) and shall 
be marked in accordance with Table 770.179. 

(C) Premises Contmunications Circuits. Premises com¬ 
munications wires and cables connecting to the ONT shall 
be listed art accordance with 800.179. Communications 
raceway associated with the premises-powered broadband 
committ atious system shall be listed in accordance with 
800.11 

s Community Antenna Television (CATV) 

ises community antenna television (CATV) 
leir connecting to the ONT shall be listed in 
with 820.179. Applicable grounding means 
be listed for application with premises-powered 
adband communications systems. 


40.180 Grounding Devices. Where bonding or ground¬ 
ing is required, devices used to connect a shield, sheath or 
non-current-carrying metallic members of a cable to a 
bonding conductor or grounding electrode conductor shall 
be listed or be part of listed equipment. [ROP 16-285] 
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Table 1 Percent of Cross Section of Conduit and Ttibing for 
Conductors and Cables [ROP 8-202] 


Number of Conductors 
and/or Cables 

All Conductor Types 

1 

53 

2 

31 

Over 2 

40 


Informational Note No. 1: Table 1 is based on common 
conditions of proper cabling and alignment of conductors 
where the length of the pull and the number of bends are 
within reasonable limits. It should be recognized that, for 
certain conditions, a larger size conduit or a lesser conduit 
fill should be considered. 

Informational Note No. 2: When pulling three conductors 
or cables into a raceway, if the ratio of the raceway (ii 
diameter) to the conductor or cable (outside diametei 
between 2.8 and 3.2, jamming can occur. While jamm: 
can occur when pulling four or more conductors or cabli 
into a raceway, the probability is very low. 

Notes to Tables 

(1) See Informative Annex C for thi 
conductors and fixture wires, all oT thefsame size (to 
tal cross-sectional area i ncluding i insulation) permitted 
in trade sizes of the applicable conduit or tubing. 

(2) Table 1 applies orttyHo complete conduit or tubing 
systems and is not intended to apply to sections of 
conduit or tubing used td fpptect exposed wiring from 
physical damage. 

(3) Equipment grounding or bonding conductors, where 
installed, shall be included when calculating conduit 
or tubing fill. The actual dimensions of the equipment 
grounding or bonding conductor (insulated or bare) 
shall be used in the calculation. 

(4) Where conduit or tubing nipples having a maximum 
length not to exceed 600 mm (24 in.) are installed 
between boxes, cabinets, and similar enclosures, the 
nipples shall be permitted to be filled to 60 percent of 
their total cross-sectional area, and 310.15(B)(3)(a) 
adjustment factors need not apply to this condition. 

(5) For conductors not included in Chapter 9, such as 
multiconductor cables and optical fiber cables, the ac¬ 
tual dimensions shall be used. 

(6) For combinations of conductors of different sizes, use 
actual dimensions or Table 5 and Table 5A for dimen¬ 



sions of conductors and Table 4 for the applicable 
conduit or tubing dimensions. [ROP 6-111] 

When calculating the maximum number of conductors 
or cables permitted in a conduit or tubing, all of the 
same size (total cross-sectional area including insula¬ 
tion), the next higher whole number shall be used to 
determine the maximum number of conductors per¬ 
mitted when the calculation results in a decimal 
greater than or equal to 0.8. When calculating the size 
for conduit or tubing permitted for a single conductor, 
one conductor shall be permitted when the calculation 
results!^a decimal greater than or equal to 0.8. [ROP 
8-198, ROP 8-199] 

:re pare conductors are permitted by other sec¬ 
tions of thisa£p<fe, the dimensions for bare conductors 
in Table 8 stMl be permitted. 

•uiticonductor cable, optical fiber cable, or flexible 
■I'd of two or more conductors shall be treated as a 
single conductor for calculating percentage conduit 
area. For cables that have elliptical cross sections, 
’cross-sectional area calculation shall be based on 
sing the major diameter of the ellipse as a circle 
diameter. [ROP 8-200] 

The values for approximate conductor diameter 
& area shown in Table 5 are based on worst case 
scenario and indicate Round Concentric-Fay-Stranded 
Conductors. Solid and Round Concentric-Lay- 
Stranded are grouped together for the purpose of 
Table 5. Round Compact-Stranded Conductors values 
are shown in Table 5a. [ROP 6-112] 
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Table 2 Radius of Conduit and Tubing Bends 


Conduit or Tubing 
Size 

One Shot 
and Full 
Shoe 
Benders 

Other Bends 

Metric 

Trade 





Designator 

Size 

mm 

in. 

mm 

in. 

16 

Vi 

101.6 

4 

101.6 

4 

21 

3 /4 

114.3 

4 Vi 

127 

5 

27 

1 

146.05 

5 3 4 

152.4 

6 

35 

m 

184.15 

7 Vi 

203.2 

8 

41 

m 

209.55 

8 Vi 

254 

10 

53 

2 

241.3 

9 Vi 

304.8 

12 

63 

2 Vi 

266.7 

101/2 

381 

15 

78 

3 

330.2 

13 

457.2 

18 

91 

3 Vi 

381 

15 

533.4 

21 

103 

4 

406.4 

16 

609.6 

24 

129 

5 

609.6 

24 

762 

30 

155 

6 

762 

30 

914.4 

36 


Table 4 Dimensions and Percent Area of Conduit and Tubing 
(Areas of Conduit or Tubing for the Combinations of Wires Permitted i 


Chapter 9) 


Article 358 — Electrical Metallic Tubing I 


[ROP 8-204] 


Metric 

Designator 


Trade 

Size 


Over 2 Wires 
40% 


60% 


Total Area 
100% 


16 

1/2 

78 

0.122 

118 ^ 

0.182 



61 

0.094 

15.8 

0.622 

196 

0.304 

21 

3 /4 

137 

0.213 

206 

x #j|20 A 


0.283 

106 

0.165 

20.9 

0.824 

343 

0.533 

27 

1 

222 

0.346 

333 

0.519 

^295 

(W58 

172 

0.268 

26.6 

1.049 

556 

0.864 

35 

114 

387 

0.598 . 


0.897 

513 

0.793 

300 

0.464 

35.1 

1.380 

968 

1.496 

41 

m 

526 

0.814 A 


kl 11 

k 696 

1.079 

407 

0.631 

40.9 

1.610 

1314 

2.036 

53 

2 

866 

lM2?y 

12911 

3 ^ 

| 1147 

1.778 

671 

1.040 

52.5 

2.067 

2165 

3.356 

63 

214 

1513 

2.343 

2270 

3.515 

2005 

3.105 

1173 

1.816 

69.4 

2.731 

3783 

5.858 

78 

3 

2280 

3.538 

3421 

5.® 

3022 

4.688 

1767 

2.742 

85.2 

3.356 

5701 

8.846 

91 

3 Vi 

2980 

4.6ll^k 

4471 

6.927 

3949 

6.119 

2310 

3.579 

97.4 

3.834 

7451 

11.545 

103 

4 

3808 

5.901 ^ 

^712 

8JJ52 

5046 

7.819 

2951 

4.573 

110.1 

4.334 

9521 

14.753 


362 — Electrical Nonmetallic Tubing (ENT) [ROP 8-92] 


Metric Trade 


Nominal 

Internal 

Diameter 


Total Area 
100 % 


60% 


1 Wire 
53% 


2 Wires 
31% 


Over 2 Wires 
40% 


Designator 

Size 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

16 

Vi 

15.3 

0.602 

184 

0.285 

110 

0.171 

97 

0.151 

57 

0.088 

73 

0.114 

21 

3 /4 

20.4 

0.804 

328 

0.508 

197 

0.305 

174 

0.269 

102 

0.157 

131 

0.203 

27 

1 

26.1 

1.029 

537 

0.832 

322 

0.499 

284 

0.441 

166 

0.258 

215 

0.333 

35 

114 

34.5 

1.36 

937 

1.453 

562 

0.872 

497 

0.770 

291 

0.450 

375 

0.581 

41 

m 

40.4 

1.59 

1281 

1.986 

769 

1.191 

679 

1.052 

397 

0.616 

512 

0.794 

53 

63 

2 

2 Vi 

52 

2.047 

2123 

3.291 

1274 

1.975 

1125 

1.744 

658 

1.020 

849 

1.316 

78 

91 

3 

314 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 
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Article 348 — Flexible Metal Conduit (FMC) 


Nominal 

Internal 

Diameter 


Total Area 
100 % 


60% 


1 Wire 
53% 


2 Wires 
31% 


Over 2 Wires 
40% 


Metric 

Designator 

Trade 

Size 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

12 

% 

9.7 

0.384 

74 

0.116 

44 

0.069 

39 

0.061 

23 

0.036 

30 

0.046 

16 

Vi 

16.1 

0.635 

204 

0.317 

122 

0.190 

108 

0.168 

63 

0.098 

81 

0.127 

21 

% 

20.9 

0.824 

343 

0.533 

206 

0.320 

182 

0.283 

106 

0.165 

137 

0.213 

27 

1 

25.9 

1.020 

527 

0.817 

316 

0.490 

279 

0.433 

163 

0.253 

211 

0.327 

35 

m 

32.4 

1.275 

824 

1.277 

495 

0.766 

437 

0.677 

256 

0.396 

330 

0.511 

41 

m 

39.1 

1.538 

1201 

1.858 

720 

1.115 

636 

0.985 

372 

0.576 

480 

0.743 

53 

2 

51.8 

2.040 

2107 

3.269 

1264 

1.961 

1117 

1.732 

653 

1.013 

843 

1.307 

63 

2 Vi 

63.5 

2.500 

3167 

4.909 

1900 

2.945 

1678 j 

2.602 

982 

1.522 

1267 

1.963 

78 

3 

76.2 

3.000 

4560 

7.069 

2736 

4.241 

24 lJ 

"746 

1414 

2.191 

1824 

2.827 

91 

3 Vi 

88.9 

3.500 

6207 

9.621 

3724 

5.773 

3290 

5.099 

1924 

2.983 

2483 

3.848 

103 

4 

101.6 

4.000 

8107 

12.566 

4864 

7.540 


'6.660 

2513 

3.896 

3243 

5.027 


Metric Trade 
Designator Size 


Article 342 — Inti 


Nominal 

Internal 

Diameter 


Total Area 
100 % 



mm 


in. 


Vv 1 - 2 


in. 


Over 2 Wires 
40% 


12 

Vs 

— 

— 

— A 

m -— k 


— 

— 

— 

— 

— 

— 

— 

16 

V2 

16.8 

0.660 


0.342 

133 

0.205 

117 

0.181 

69 

0.106 

89 

0.137 

21 

3 /4 

21.9 

0.864 

377 

0.586 

226 

lp .352 

200 

0.311 

117 

0.182 

151 

0.235 

27 

1 

28.1 

1.105 

620 

0.959 


43.575 

329 

0.508 

192 

0.297 

248 

0.384 

35 

114 

36.8 

1.448 

1064 

1.647 

4 f 58 

0.988 

564 

0.873 

330 

0.510 

425 

0.659 

41 

IV 2 

42.7 

1.683 

^143 K 

K .225 

859 

1.335 

759 

1.179 

444 

0.690 

573 

0.890 

53 

2 

54.6. 

2.150 

",2341 

3.630 

1405 

2.178 

1241 

1.924 

726 

1.125 

937 

1.452 

63 

2 Vi 

64.9 

".557 


5.135 

1985 

3.081 

1753 

2.722 

1026 

1.592 

1323 

2.054 

78 

3 


^3.176 

5115 

7.922 

3069 

4.753 

2711 

4.199 

1586 

2.456 

2046 

3.169 

91 

314 

93^ 

3.671 

6822 

10.584 

4093 

6.351 

3616 

5.610 

2115 

3.281 

2729 

4.234 

103 

4 

105.4 

4.166 

8325 

13.631 

5235 

8.179 

4624 

7.224 

2705 

4.226 

3490 

5.452 


Article 356 — Liquidtight Flexible Nonmetallic Conduit (LFNC-B*) 


Metric 

Designator 

Trade 

Size 

Nominal 

Internal 

Diameter 

Total Area 
100% 

60% 

1 Wire 

53% 

2 Wires 

31% 

Over 2 Wires 
40% 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

12 

3 /s 

12.5 

0.494 

123 

0.192 

74 

0.115 

65 

0.102 

38 

0.059 

49 

0.077 

16 

Vi 

16.1 

0.632 

204 

0.314 

122 

0.188 

108 

0.166 

63 

0.097 

81 

0.125 

21 

% 

21.1 

0.830 

350 

0.541 

210 

0.325 

185 

0.287 

108 

0.168 

140 

0.216 

27 

1 

26.8 

1.054 

564 

0.873 

338 

0.524 

299 

0.462 

175 

0.270 

226 

0.349 

35 

m 

35.4 

1.395 

984 

1.528 

591 

0.917 

522 

0.810 

305 

0.474 

394 

0.611 

41 

1 Vi 

40.3 

1.588 

1276 

1.981 

765 

1.188 

676 

1.050 

395 

0.614 

510 

0.792 

53 

2 

51.6 

2.033 

2091 

3.246 

1255 

1.948 

1108 

1.720 

648 

1.006 

836 

1.298 


*Corresponds to 356.2(2). 
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Article 356 — Liquidtight Flexible Nonmetallic Conduit (LFNC-A*) 


Metric 

Designator 

Trade 

Size 

Nominal 

Internal 

Diameter 

Total Area 
100% 

60% 

1 Wire 

53% 

2 Wires 

31% 

Over 2 Wires 
40% 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

12 

3 /8 

12.6 

0.495 

125 

0.192 

75 

0.115 

66 

0.102 

39 

0.060 

50 

0.077 

16 

% 

16.0 

0.630 

201 

0.312 

121 

0.187 

107 

0.165 

62 

0.097 

80 

0.125 

21 

3/4 

21.0 

0.825 

346 

0.535 

208 

0.321 

184 

0.283 

107 

0.166 

139 

0.214 

27 

1 

26.5 

1.043 

552 

0.854 

331 

0.513 

292 

0.453 

171 

0.265 

221 

0.342 

35 

m 

35.1 

1.383 

968 

1.502 

581 

0.901 

513 

0.796 

300 

0.466 

387 

0.601 

41 

m 

40.7 

1.603 

1301 

2.018 

781 

1.211 

690 

1.070 

403 

0.626 

520 

0.807 

53 

2 

52.4 

2.063 

2157 

3.343 

1294 

2.006 

1143 

1.772 

669 

1.036 

863 

1.337 


^Corresponds to 356.2(1). 



Designator 

Size 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

12 

16 

3 /8 

/2 

16.1 

0.632 

204 

0.314 

122 

0.188 

108 

0.166 

63 

0.097 

81 

0.125 

21 

3/4 

21.2 

0.836 

353 

0.549 

212 

0.329 

187 

0.291 

109 

0.170 

141 

0.220 

27 

1 

27.0 

1.063 

573 

0.887 

344 

0.532 

303 

0.470 

177 

0.275 

229 

0.355 

35 

m 

35.4 

1.394 

984 

1.526 

591 

0.916 

522 

0.809 

305 

0.473 

394 

0.610 

41 

m 

41.2 

1.624 

1333 

2.071 

800 

1.243 

707 

1.098 

413 

0.642 

533 

0.829 

53 

2 

52.9 

2.083 

2198 

3.408 

1319 

2.045 

1165 

1.806 

681 

1.056 

879 

1.363 

63 

2V2 

63.2 

2.489 

3137 

4.866 

1882 

2.919 

1663 

2.579 

972 

1.508 

1255 

1.946 

78 

3 

78.5 

3.090 

4840 

7.499 

2904 

4.499 

2565 

3.974 

1500 

2.325 

1936 

3.000 

91 

3'/2 

90.7 

3.570 

6461 

10.010 

3877 

6.006 

3424 

5.305 

2003 

3.103 

2584 

4.004 

103 

4 

102.9 

4.050 

8316 

12.882 

4990 

7.729 

4408 

6.828 

2578 

3.994 

3326 

5.153 

129 

5 

128.9 

5.073 

13050 

20.212 

7830 12.127 

6916 

10.713 

4045 

6.266 

5220 

8.085 

155 

6 

154.8 

6.093 

18821 

29.158 

1129217.495 

9975 

15.454 

5834 

9.039 

7528 

11.663 
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CHAPTER 9 


TABLES 


Article 352 — Rigid PVC Conduit (PVC), Schedule 80 


Metric 


Trade 


Nominal 

Internal 

Diameter 


Total Area 
100 % 


60% 


1 Wire 
53% 


2 Wires 
31% 


Over 2 Wires 
40% 


rignator 

Size 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

12 

16 

% 

1/2 

13.4 

0.526 

141 

0.217 

85 

0.130 

75 

0.115 

44 

0.067 

56 

0.087 

21 

3 /4 

18.3 

0.722 

263 

0.409 

158 

0.246 

139 

0.217 

82 

0.127 

105 

0.164 

27 

1 

23.8 

0.936 

445 

0.688 

267 

0.413 

236 

0.365 

138 

0.213 

178 

0.275 

35 

114 

31.9 

1.255 

799 

1.237 

480 

0.742 

424 

0.656 

248 

0.383 

320 

0.495 

41 

11/2 

37.5 

1.476 

1104 

1.711 

663 

1.027 

585 

0.907 

342 

0.530 

442 

0.684 

53 

2 

48.6 

1.913 

1855 

2.874 

1113 

1.725 

983 

1.523 

575 

0.891 

742 

1.150 

63 

214 

58.2 

2.290 

2660 

4.119 

1596 

2.471 

1410 

2.183 

825 

1.277 

1064 

1.647 

78 

3 

72.7 

2.864 

4151 

6.442 

2491 

3.865 

2200 

3.414 

1287 

1.997 

1660 

2.577 

91 

314 

84.5 

3.326 

5608 

8.688 

3365 

5.213 . 

2972 

4.605 

1738 

2.693 

2243 

3.475 

103 

4 

96.2 

3.786 

7268 

11.258 

4361 

6.7554 

r 3852 

5.967 

2253 

3.490 

2907 

4.503 

129 

5 

121.1 

4.768 

11518 

17.855 

6911 

'0-713 r 

6105 

9.463 

3571 

5.535 

4607 

7.142 

155 

6 

145.0 

5.709 

16513 

25.598 

9908 

15.359 

8752^ 

13.567 

5119 

7.935 

6605 

10.239 




Metric Trade 
Designator Size 


Articles 352 and 353 — Rigid PVC Conduil 


Nominal 

Internal 

Diameter 


Total Area 
100 % 


Schedule 40, and HDPE Conduit (HDPE) 


► 1 Wire 
53% 


mm 


in. 


2 Wires 
31% 

in." 


Over 2 Wires 
40% 


12 

3 /s 





1 







16 

J /2 

15.3 

0.602 

™ 184 


no o.i7i 

97 

0.151 

57 

0.088 

74 

0.114 

21 

3 /4 

20.4 

0.804 


0.508 

T96 0.305 

173 

0.269 

101 

0.157 

131 

0.203 

27 

1 

26.1 


^535 

0.832 

321 0.499 

284 

0.441 

166 

0.258 

214 

0.333 

35 

114 

34.5. 


935 

X <1.453 

561 0.872 

495 

0.770 

290 

0.450 

374 

0.581 

41 

11/2 

40.4 

^1.590 


1.986 

769 1.191 

679 

1.052 

397 

0.616 

513 

0.794 

53 

2 

52.0 

C2.047 

2124 

3.291 

1274 1.975 

1126 

1.744 

658 

1.020 

849 

1.316 

63 

214 

62. n 

2.445 

3029 

4.695 

1817 2.817 

1605 

2.488 

939 

1.455 

1212 

1.878 

78 

3 

77.3 



7.268 

2816 4.361 

2487 

3.852 

1455 

2.253 

1877 

2.907 

91 

314 

89.4 

3.52lW.. 

6277 

9.737 

3766 5.842 

3327 

5.161 

1946 

3.018 

2511 

3.895 

103 

4 

101.5 

3.998^| 

r8091 

12.554 

4855 7.532 

4288 

6.654 

2508 

3.892 

3237 

5.022 

129 

5 

127.4 

5.016 

12748 

19.761 

7649 11.856 

6756 

10.473 

3952 

6.126 

5099 

7.904 

155 

6 

153.2 

6.031 

18433 

28.567 

11060 17.140 

9770 

15.141 

5714 

8.856 

7373 

11.427 


Article 352 — Type A, Rigid PVC Conduit (PVC) 


Metric 

Designator 

Trade 

Size 

Nominal 

Internal 

Diameter 

Total Area 
100% 

60% 

1 Wire 

53% 

2 Wires 

31% 

Over 2 Wires 
40% 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

16 

J /2 

17.8 

0.700 

249 

0.385 

149 

0.231 

132 

0.204 

77 

0.119 

100 

0.154 

21 

3 /4 

23.1 

0.910 

419 

0.650 

251 

0.390 

222 

0.345 

130 

0.202 

168 

0.260 

27 

1 

29.8 

1.175 

697 

1.084 

418 

0.651 

370 

0.575 

216 

0.336 

279 

0.434 

35 

n/4 

38.1 

1.500 

1140 

1.767 

684 

1.060 

604 

0.937 

353 

0.548 

456 

0.707 

41 

m 

43.7 

1.720 

1500 

2.324 

900 

1.394 

795 

1.231 

465 

0.720 

600 

0.929 

53 

2 

54.7 

2.155 

2350 

3.647 

1410 

2.188 

1245 

1.933 

728 

1.131 

940 

1.459 


2014 Edition 
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CHAPTER 9 


TABLES 


Article 352 — Type A, Rigid PVC Conduit (PVC) 


Metric 

Designator 

Trade 

Size 

Nominal 

Internal 

Diameter 

Total Area 
100% 

60% 

1 Wire 

53% 

2 Wires 

31% 

Over 2 Wires 
40% 

mm 

in. 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

mm 2 

in. 2 

63 

2Vi 

66.9 

2.635 

3515 

5.453 

2109 

3.272 

1863 

2.890 

1090 

1.690 

1406 

2.181 

78 

3 

82.0 

3.230 

5281 

8.194 

3169 

4.916 

2799 

4.343 

1637 

2.540 

2112 

3.278 

91 

y/i 

93.7 

3.690 

6896 

10.694 

4137 

6.416 

3655 

5.668 

2138 

3.315 

2758 

4.278 

103 

129 

4 

5 

106.2 

4.180 

8858 

13.723 

5315 

8.234 

4695 

7.273 

2746 

4.254 

3543 

5.489 

155 

6 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 

_ 



Type kcmil) mm 2 in. 2 mm in. 


Type: FFH-2, RFH-1, RFH-2, RHH*, RHW*, RHW-2*, RHH, RHW, RHW-2, SF-1, SF-2, SFF-1, SFF-2, TF, TFF, THHW, 

THW, THW-2, TW, XF, XFF 


RFH-2, 

18 

9.355 

0.0145 

3.454 

0.136 

FFH-2, RFHH-2 

[ROP 6-114] 

16 

11.10 

0.0172 

3.759 

0.148 
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TABLES 


CHAPTER 9 


Table 5 Continued 


Approximate Area Approximate Diameter 

Size (AWG or- - 

Type kcmil) mm 2 in. 2 mm in. 
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CHAPTER 9 


TABLES 


Table 5 Continued 


Type 

Approximate Area Approximate Diameter 

Size (AWG or 

kcmil) mm 2 in. 2 mm in. 

RHH*, RHW*, 
RHW-2*, XF, 

XFF 

12 16.77 0.0260 4.623 0.182 


Type: RHH*, RHW*, RHW-2*, THHN, THHW, THW, THW-2, TFN, TFFN, THWN, THWN-2, XF, XFF 


RHH,* RHW,* 
RHW-2,* XF, 

XFF 

10 21.48 0.0333 5.232 0.206 

RHH*. RHW*, 
RHW-2* 

8 35.87 0.0556 6.756 0.266 

TW, THW, THHW, 
THW-2, RHH*, 
RHW*, RHW-2* 

6 46.84 0.0726 7.722 0.304 

4 62.77 0.0973 8.941 0.352 

3 73.16 0.1134 9.652 0.380 

2 86.00 0.13jk 10.46 0.412 

1 122.6 12.50 0.492 

1/0 143.4 vC 2223 ,^^ 13.51 0.532 

2/0 169.3 0.2624 14.68 0.578 

3/0 201.1 03117 16.00 0.630 

4/0 239.9 0.3718 17.48 0.688 

250 296.5 0.4596 19.43 0.765 

300 340.7 ^^#052Wr 20.83 0.820 

350 384.4/'"' \ 0.5958 22.12 0.871 

400 427.0 0.6619 23.32 0.918 

500 J0H M \\ 0.7901 25.48 1.003 

600 62X7 0.9729 28.27 1.113 

-^- - 

700 ^^^71OT^^ 1.1010 30.07 1.184 

750 ^^^^kfcl.7^^ 1.1652 30.94 1.218 

800 A 791.7 1.2272 31.75 1.250 

900 874.9 ^ 1.3561 33.38 1.314 

1000 953.8 1.4784 34.85 1.372 

1250 1200 1.8602 39.09 1.539 

1500 1400 2.1695 42.21 1.662 

1750 ^1598 2.4773 45.11 1.776 

2000 1795 2.7818 47.80 1.882 

TFN, TFFN 

18 3.548 0.0055 2.134 0.084 

16 4.645 0.0072 2.438 0.096 


70-772 
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TABLES 


CHAPTER 9 


Table 5 Continued 


Type 


Size (AWG or 
kcmil) 


Approximate Area 


Approximate Diameter 


THHN, THWN, 

14 

6.258 

0.0097 

2.819 

0.111 

THWN-2 

12 

8.581 

0.0133 

3.302 

0.130 


10 

13.61 

0.0211 

4.166 

0.164 


8 

23.61 

0.0366 

5.486 

0.216 


6 

32.71 

0.0507 

6.452 

0.254 


4 

53.16 

0.0824 

8.230 

0.324 


3 

62.77 

0.0973 

8.941 

0.352 


2 

74.71 

0.1158 

9.754 

0.384 


1 

100.8 

0.1562 

11.33 

0.446 


1/0 

119.7 

0.1855 

12.34 

0.486 


2/0 

143.4 

0.2223 ^ 

13.51 

0.532 


3/0 

172.8 

0.2679^^ 

14.83 

0.584 


4/0 

208.8 

0.3:>37 

16.31 

0.642 


250 

256.1 

0.3970 

18.06 

0.711 


300 

297.3 

^^0.4608 

19.46 

0.766 


Type: FEP, FEPB, PAF, PAFF, PF, PFA, PFAH, PFF, PGF, P 


THHN, THWN, 
THWN-2 



350 

400 

500 

600 

700 

750 

800 

900 

1000 


N, THWN, THWN-2, Z, ZF, ZFF 


0.817 

0.864 

0.949 

1.051 

1.122 

1.156 

1.188 

1.252 

1.310 


TFE, FEP, PFA, 

12 

8.839 

0.0137 

3.353 

0.132 

FEPB, PFAH 

10 

12.32 

0.0191 

3.962 

0.156 


8 

21.48 

0.0333 

5.232 

0.206 


6 

30.19 

0.0468 

6.198 

0.244 


4 

43.23 

0.0670 

7.417 

0.292 


3 

51.87 

0.0804 

8.128 

0.320 


2 

62.77 

0.0973 

8.941 

0.352 

TFE, PFAH, PFA 

1 

90.26 

0.1399 

10.72 

0.422 

TFE, PFA, PFAH, 

1/0 

108.1 

0.1676 

11.73 

0.462 

Z 

2/0 

130.8 

0.2027 

12.90 

0.508 


3/0 

158.9 

0.2463 

14.22 

0.560 


4/0 

193.5 

0.3000 

15.70 

0.618 

ZF, ZFF, ZHF 

18 

2.903 

0.0045 

1.930 

0.076 


16 

3.935 

0.0061 

2.235 

0.088 


2014 Edition 


NATIONAL ELECTRICAL CODE 
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CHAPTER 9 


TABLES 


Table 5 Continued 


Approximate Area Approximate Diameter 

Size (AWG or- - 

Type kcmil) mm 2 in. 2 mm in. 



0.133 

0.152 

0.176 

0.236 

0.274 

0.322 

0.350 

0.382 


0.442 


0.482 

0.528 

0.58 

0.638 


0.705 

0.76 

0.811 

0.858 

0.943 


1.053 

1.124 

1.158 

1.190 

1.254 



1000 

872.2 

1.3519 

33.32 

1.312 


1250 

1108 

1.7180 

37.57 

1.479 


1500 

1300 

2.0156 

40.69 

1.602 


1750 

1492 

2.3127 

43.59 

1.716 


2000 

1682 

2.6073 

46.28 

1.822 

KF-2, KFF-2 

18 

2.000 

0.003 

1.575 

0.062 


16 

2.839 

0.0043 

1.88 

0.074 


14 

4.129 

0.0064 

2.286 

0.090 


12 

6.000 

0.0092 

2.743 

0.108 


10 

8.968 

0.0139 

3.378 

0.133 

KF-1, KFF-1 

18 

1.677 

0.0026 

1.448 

0.057 


16 

2.387 

0.0037 

1.753 

0.069 


14 

3.548 

0.0055 

2.134 

0.084 


12 

5.355 

0.0083 

2.616 

0.103 


10 

8.194 

0.0127 

3.226 

0.127 


Type: KF-1, KF-2, KFF-1, KFF-2, XHH, XHHW, XHH^, ZW 


XHHW, ZW, 
XHHW-2, XHH 


14 

8.968 

0.0139 

3.378 

12 

11.68 

0.0181 

3.861 

10 

15.68 

0.0243 W ^ 

4.470 

8 

28.19 

0.0437/ 

5.994 

6 

38.06 

0.0590 

6.960 

4 

52.52 

0.0814 ^ 

▼ 8.179 

3 

62.06 

< 0.0962 

8.890 

2 

73.94 

Ti.1146 

9.703 


XHHW, XHHW-2, 
XHH 


1 

1/0 

2/0 

3/0 

4/0 


98.97 




0 . 

0.H 

^021 
0.2642 
0.3197 


11.23 

12.24 
13.41 
14.73 
16.21 


250 

251.9 

0.3904 

17.91 

300 


0.4536 

19.30 

350 

^^^333.3 

0.5166 

20.60 

400 A 


0.5782 

21.79 

500 

450.6 

0.6984 

23.95 


0.8709 

0.9923 

1.0532 

1.1122 

1.2351 


26.75 

28.55 

29.41 

30.23 

31.85 


*Types RHH, RHW, and RHW-2 without outer covering. 
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TABLES 


CHAPTER 9 


Table 5A Compact Copper and Aluminum Building Wire Nominal Dimensions* and Areas 


Bare Types RHH**, RHW**, 

Conductor or USE Types THW and THHW Type THHN Type XHHW 


Size Approximate 

(AWG Diameter Diameter 
or 


Approximate Approximate 
Area Diameter 


Approximate Approximate Approximate Approximate 
Area Diameter Area Diameter 


Approximate 

Area 


Size 

(AWG 

or 


;cmil) nun in. 

mm 

in. 

mm 2 

in. 2 

mm 

in. 

mm 2 

in. 2 

mm 

in. 

mm 2 

. 2 
in. 

mm 

in. 

mm 2 

. 2 
in. 

kcmil) 

8 

3.404 0.134 

6.604 0.260 

34.25 0.0531 

6.477 0.255 

32.90 0.0510 





5.690 0.224 

25.42 

0.0394 

8 

6 

4.293 0.169 

7.493 0.295 

44.10 0.0683 

7.366 0.290 

42.58 0.0660 

6.096 0.240 

29.16 0.0452 

6.604 0.260 

34.19 

0.0530 

6 

4 

5.410 0.213 

8.509 0.335 

56.84 0.0881 

8.509 0.335 

56.84 0.0881 

7.747 0.305 

47.10 0.0730 

7.747 0.305 

47.10 

0.0730 

4 

2 

6.807 0.268 

9.906 0.390 

77.03 0.1194 

9.906 0.390 

77.03 0.1194 

9.144 0.360 

65.61 0.1017 

9.144 0.360 

65.61 

0.1017 

2 

1 

7.595 0.299 

11.81 

0.465 

109.5 

0.1698 

11.81 

0.465 

109.5 

0.1698 

10.54 

0.415 

87.23 0.1352 

10.54 

0.415 

87.23 

0.1352 

1 

1/0 

8.534 0.336 

12.70 

0.500 

126.6 

0.1963 

12.70 

0.500 

126.6 

0.1963 

11.43 

0.450 

102.6 

0.1590 

11.43 

0.450 

102.6 

0.1590 

1/0 

2/0 

9.550 0.376 

13.72 

0.540 

147.8 

0.2290 

13.84 

0.545 

150.5 

0.2332 

12.57 

0.495 

124.1 

0.1924 

12.45 

0.490 

121.6 

0.1885 

2/0 

3/0 

10.74 0.423 

14.99 

0.590 

176.3 

0.2733 

14.99 

0.590 

176.3 

0.2733 

13.72 

0.540 

^7.7 

0.2290 

13.72 

0.540 

147.7 

0.2290 

3/0 

4/0 

12.07 0.475 

16.26 

0.640 

207.6 

0.3217 

16.38 

0.645 

210.8 

0.3267 

15.11 

0.595 

H79.4 

0.2780 

14.99 

0.590 

176.3 

0.2733 

4/0 


25013.21 

0.520 

18.16 

0.715 

259.0 

0.4015 

18.42 

0.725 

266.3 

0.4128 

17.02 

poi67™ 

8127.4 

0.3525 

16.76 

0.660 

220.7 

0.3421 

250 

30014.48 

0.570 

19.43 

0.765 

296.5 

0.4596 

19.69 

0.775 

304.3 

0.4717 

18.29 

0.720 


0.4071 

18.16 

0.715 

259.0 

0.4015 

300 

35015.65 

0.616 

20.57 

0.810 

332.3 

0.5153 

20.83 

0.820 

340.7 

0.5281. 

19.56 

0.770 

300A 

.0.4656 

19.30 

0.760 

292.6 

0.4536 

350 

40016.74 

0.659 

21.72 

0.855 

370.5 

0.5741 

21.97 

0.865 

379.1 

0.58^ 

15.70 

0.815 

33631 

0.5216 

20.32 

0.800 

324.3 

0.5026 

400 


50018.69 

0.736 

23.62 

0.930 

438.2 

0.6793 

23.88 

0.940 

447.7 

0.6939 

22.48 

0.885 

396.8 

0.6151 

22.35 

0.880 

392.4 

0.6082 

500 

60020.65 

0.813 

26.29 

1.035 

542.8 

0.8413 

26.67 

1.050 

558.6 


25.02 

r (3.985 

491.6 

0.7620 

24.89 

0.980 

486.6 

0.7542 

600 

70022.28 

0.877 

27.94 

1.100 

613.1 

0.9503 

28.19 

1.110 

624.3 

O 

30. 

c* 


1.050 

558.6 

0.8659 

26.67 

1.050 

558.6 

0.8659 

700 

75023.06 

0.908 

28.83 

1.135 

652.8 

1.0118 

29.21 

1.150 

670.1 

1.0386 

27.31 

1.075 

585.5 

0.9076 

27.69 

1.090 

602.0 

0.9331 

750 

90025.37 

0.999 

31.50 

1.240 

779.3 

1.2076 

31.09 

L224J 

759.1 

1.1766 


1.194 

722.5 

1.1196 

29.69 

1.169 

692.3 

1.0733 

900 

100026.92 

1.060 

32.64 

1.285 

836.6 

1.2968 

32.64 

1.2831 

836.6 

-L.2968 

31.88 

kl.255 

798.1 

1.2370 

31.24 

1.230 

766.6 

1.1882 

1000 


♦Dimensions are from industry sources. 

♦♦Types RHH and RHW without outer coverings^. 


Table 8 Conductor Properties 



Direct-Current Resistance at 75°C (167°F) 


Copper 


Size 
(AWG 

or Circular 

kcmil) mm 2 mils Quantity 


Uncoated 


Coated 


Aluminum 


ohm/ 

km 


ohm/ 

kFT 


ohm/ 

km 


ohm/ 

kFT 


ohm/ 

km 


ohm/ 

kFT 


18 

0.823 

1620 

1 



1.02 

0.040 

0.823 

0.001 

25.5 

7.77 

26.5 

8.08 

42.0 

12.8 

18 

0.823 

1620 

7 

039^ 

^0.015 

1.16 

0.046 

1.06 

0.002 

26.1 

7.95 

27.7 

8.45 

42.8 

13.1 

16 

1.31 

2580 

1 



1.29 

0.051 

1.31 

0.002 

16.0 

4.89 

16.7 

5.08 

26.4 

8.05 

16 

1.31 

2580 

7 

0.49 

0.019 

1.46 

0.058 

1.68 

0.003 

16.4 

4.99 

17.3 

5.29 

26.9 

8.21 

14 

2.08 

4110 

1 



1.63 

0.064 

2.08 

0.003 

10.1 

3.07 

10.4 

3.19 

16.6 

5.06 

14 

2.08 

4110 

7 

0.62 

0.024 

1.85 

0.073 

2.68 

0.004 

10.3 

3.14 

10.7 

3.26 

16.9 

5.17 

12 

3.31 

6530 

1 



2.05 

0.081 

3.31 

0.005 

6.34 

1.93 

6.57 

2.01 

10.45 

3.18 

12 

3.31 

6530 

7 

0.78 

0.030 

2.32 

0.092 

4.25 

0.006 

6.50 

1.98 

6.73 

2.05 

10.69 

3.25 

10 

5.261 

10380 

1 



2.588 

0.102 

5.26 

0.008 

3.984 

1.21 

4.148 

1.26 

6.561 

2.00 

10 

5.261 

10380 

7 

0.98 

0.038 

2.95 

0.116 

6.76 

0.011 

4.070 

1.24 

4.226 

1.29 

6.679 

2.04 

8 

8.367 

16510 

1 



3.264 

0.128 

8.37 

0.013 

2.506 

0.764 

2.579 

0.786 

4.125 

1.26 

8 

8.367 

16510 

7 

1.23 

0.049 

3.71 

0.146 

10.76 

0.017 

2.551 

0.778 

2.653 

0.809 

4.204 

1.28 

6 

13.30 

26240 

7 

1.56 

0.061 

4.67 

0.184 

17.09 

0.027 

1.608 

0.491 

1.671 

0.510 

2.652 

0.808 

4 

21.15 

41740 

7 

1.96 

0.077 

5.89 

0.232 

27.19 

0.042 

1.010 

0.308 

1.053 

0.321 

1.666 

0.508 

3 

26.67 

52620 

7 

2.20 

0.087 

6.60 

0.260 

34.28 

0.053 

0.802 

0.245 

0.833 

0.254 

1.320 

0.403 

2 

33.62 

66360 

7 

2.47 

0.097 

7.42 

0.292 

43.23 

0.067 

0.634 

0.194 

0.661 

0.201 

1.045 

0.319 

1 

42.41 

83690 

19 

1.69 

0.066 

8.43 

0.332 

55.80 

0.087 

0.505 

0.154 

0.524 

0.160 

0.829 

0.253 
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TABLES 


Table 8 Continued 

Conductors Direct-Current Resistance at 75°C (167°F) 


Stranding 


Overall 


Copper 


Size 

(AWG 


Area 


Diameter 


Diameter 


Area 


Uncoated 


Coated 


Aluminum 


or 

Circular 








ohm/ 

ohm/ 

ohm/ 

ohm/ 

ohm/ 

ohm/ 

kcmil) 

mm 2 

mils 

Quantity 

mm 

in. 

mm 

in. 

mm 2 

in. 2 

km 

kFT 

km 

kFT 

km 

kFT 

1/0 

53.49 105600 

19 

1.89 

0.074 

9.45 

0.372 

70.41 

0.109 

0.399 

0.122 

0.415 

0.127 

0.660 

0.201 

2/0 

67.43 133100 

19 

2.13 

0.084 

10.62 

0.418 

88.74 

0.137 

0.3170 

0.0967 

0.329 

0.101 

0.523 

0.159 

3/0 

85.01 167800 

19 

2.39 

0.094 

11.94 

0.470 

111.9 

0.173 

0.2512 

0.0766 

0.2610 

0.0797 

0.413 

0.126 

4/0 

107.2 

211600 

19 

2.68 

0.106 

13.41 

0.528 

141.1 

0.219 

0.1996 

0.0608 

0.2050 

0.0626 

0.328 

0.100 

250 

127 


37 

2.09 

0.082 

14.61 

0.575 

168 

0.260 

0.1687 

0.0515 

0.1753 

0.0535 

0.2778 

0.0847 

300 

152 

— 

37 

2.29 

0.090 

16.00 

0.630 

201 

0.312 

0.1409 

0.0429 

0.1463 

0.0446 

0.2318 

0.0707 

350 

177 

— 

37 

2.47 

0.097 

17.30 

0.681 

235 

0.364 

0.1205 

0.0367 

0.1252 

0.0382 

0.1984 

0.0605 

400 

203 


37 

2.64 

0.104 

18.49 

0.728 

268 

0.416 

0.1053 

0.0321 

0.1084 

0.0331 

0.1737 

0.0529 

500 

253 

— 

37 

2.95 

0.116 

20.65 

0.813 

336 

0.519 

0.0845 

0.0258 

0.0869 

0.0265 

0.1391 

0.0424 

600 

304 

— 

61 

2.52 

0.099 

22.68 

0.893 

404 

0.626 

0.0704 

0.0214 

0.0732 

0.0223 

0.1159 

0.0353 

700 

355 


61 

2.72 

0.107 

24.49 

0.964 

471 

0.730 

0.0603 

x 0.0184 

0.0622 

0.0189 

0.0994 

0.0303 

750 

380 

— 

61 

2.82 

0.111 

25.35 

0.998 

505 

0.782 

Jj ^528 

0.0171 

0.0579 

0.0176 

0.0927 

0.0282 

800 

405 

— 

61 

2.91 

0.114 

26.16 

1.030 

538 

0.834 

0 . 0161 ^ 

^ 0.0544 

0.0166 

0.0868 

0.0265 


900 456 — 

1000 507 

1250 633 


61 

61 

91 


3.09 0.122 

3.25 0.128 

2.98 0.117 


27.79 

29.26 

32.74 


1.094 

1.152 

1.289 


606 

673 

842 



0.0470 , 0.0143 
0 . 04 m > 0.0129 
04)338 0.0103 


0 . 0 - 


"481 0.0147 

0.0434 0.0132 

0.0347 0.0106 


0.0770 0.0235 
0.0695 0.0212 
0.0554 0.0169 


1500 

760 

— 

91 

3.26 

0.128 

35.86 

1.412 imi 

1.566 mo : 

’814 

0.00858 

0.02814 

0.00883 

0.0464 

0.0141 

1750 

887 

— 

127 

2.98 

0.117 

38.76 

1.526 1180 

1.829 o . o ; 

’410 

0.00735 

0.02410 

0.00756 

0.0397 

0.0121 

2000 

1013 

— 

127 

3.19 

0.126 

41.45 

1.632 1349 

2.092 o . o : 


0.00643 

0.02109 

0.00662 

0.0348 

0.0106 


Notes: 

1. These resistance values are valid only for the parameti 
especially, other temperatures changes the resistance. 

2. Equation for temperature change: R, = R 1 [1 + 

3. Conductors with compact and compressed strai 
smaller bare conductor diameters than those shown. 

4. The IACS conductivities used: bare copna^^W0%, 

5. Class B stranding is listed as well sizi 


Informational Note: The const! 
tance is calculated in accordance 

[ROP 6-109] 




oductors having coated strands, different stranding type, and, 

1.00323, gCal = 0.00330 at 75°C. 
nd 3 percent, respectively, 

"compact cable dimensions. 

flinum = 61%. 

overall diameter and area are those of its circumscribing circle. 


n is in accordance with NEMA WC/70-2009 or ANSI/UL 1581-2011. The resis- 
eau of Standards Handbook 100, dated 1966, and Handbook 109, dated 1972. 


Table 9 Alternating-Current Resistance and Reactance for 600-Volt Cables, 3-Phase, 60 Hz, 75°C (167°F) — Three Single 
Conductors in Conduit 


Size 
(AWGA 
or kcmil) 

Ohms to Neutral per Kilometer 

Ohms to Neutral per 1000 Feet 

Size 

(AWG 

or 

kcmil) 

X L (Reactance) 
for All Wires 

Alternating-Current 
Resistance for 
Uncoated 

Copper Wires 

Alternating-Current 
Resistance for 
Aluminum Wires 

Effective Z at 0.85 PF 
for Uncoated Copper 
Wires 

Effective Z at 0.85 PF 
for Aluminum 

Wires 

PVC, 

uminum 

Conduits 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

14 

0.190 

0.058 

0.240 

0.073 

10.2 

3.1 

10.2 

3.1 

10.2 

3.1 

— 

— 

— 

8.9 

2.7 

8.9 

2.7 

8.9 

2.7 

— 

— 

— 

14 
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Table 9 Continued 


Size 
(AWGA 
or kemil) 

Ohms to Neutral per Kilometer 

Ohms to Neutral per 1000 Feet 

Size 

(AWG 

or 

kemil) 

X L (Reactance) 
for All Wires 

Alternating-Current 
Resistance for 
Uncoated 

Copper Wires 

Alternating-Current 
Resistance for 
Aluminum Wires 

Effective Z at 0.85 PF 
for Uncoated Copper 
Wires 

Effective Z at 0.85 PF 
for Aluminum 

Wires 

PVC, 

uminum 

Conduits 

Steel 

Conduit 

PVC A 

Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 

Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

12 

0.177 

0.054 

0.223 

0.068 

6.6 

2.0 

6.6 

2.0 

6.6 

2.0 

10.5 

3.2 

10.5 

3.2 

10.5 

3.2 

5.6 

1.7 

5.6 

1.7 

5.6 

1.7 

9.2 

2.8 

9.2 

2.8 

9.2 

2.8 

12 

10 

0.164 

0.050 

0.207 

0.063 

3.9 

1.2 

3.9 

1.2 

3.9 

1.2 

6.6 

2.0 

6.6 

2.0 

6.6 

2.0 

3.6 a 

1.1 

h 

3.6 

1.1 

5.9 

1.8 

5.9 

1.8 

5.9 

1.8 

10 

8 

0.171 

0.052 

0.213 

0.065 

2.56 

0.78 

2.56 

0.78 

2.56 

0.78 

4.3 

1.3 

4.3 

1.3 

4.3 

1.3 a 


Hi 

2.30 

0.70 

3.6 

1.1 

3.6 

1.1 

3.6 

1.1 

8 

6 

0.167 

0.051 

0.210 

0.064 

1.61 

0.49 

1.61 

0.49 

1.61 

0.49 

2.66 

0.81 

2.66 
081 a 

iSf 


1.48 

0.45 

Ll .48 

0.45 

2.33 

0.71 

2.36 

0.72 

2.36 

0.72 

6 

4 

0.157 

0.048 

0.197 

0.060 

1.02 

0.31 

1.02 

0.31 

1.02 

0.31 

1.67 

0.51 

i 

1.67 

0.51 

$ 

A 

Pf95 

r 0.29 

0.95 

0.29 

0.98 

0.30 

1.51 

0.46 

1.51 

0.46 

1.51 

0.46 

4 

3 

0.154 

0.047 

0.194 

0.059 

0.82 

0.25 

0.82 

0.25 

0.82 

0.25 

1.3 id 
0 . 40 ^ 


'.- 0.40 

0.75 

0.23 

0.79 

0.24 

0.79 

0.24 

1.21 

0.37 

1.21 

0.37 

1.21 

0.37 

3 

2 

0.148 

0.045 

0.187 

0.057 

0.62 

0.19 

0.66 

0.20 

0.66 

0 . 2 £ fl | 

1.05 

^32 


1.05 

0.32 

^ 0.62 

0.19 

0.62 

0.19 

0.66 

0.20 

0.98 

0.30 

0.98 

0.30 

0.98 

0.30 

2 

1 

0.151 

0.046 

0.187 

0.057 

0.49 

0.15 

0.52 

0 . 16 ^ 

0.52 

ro.16 

Si; 

0.85 

o.m 

0.82 

0.25 

0.52 

0.16 

0.52 

0.16 

0.52 

0.16 

0.79 

0.24 

0.79 

0.24 

0.82 

0.25 

1 

1/0 

0.144 

0.044 

0.180 

0.055 

0.39 

0.12 

0.43 

-fl-1-3 

0.39 

o.i 2 r 

0.20 

^69 

0.21 

0.66 

0.20 

0.43 

0.13 

0.43 

0.13 

0.43 

0.13 

0.62 

0.19 

0.66 

0.20 

0.66 

0.20 

1/0 

2/0 

0.141 

0.043 

0.177 

0.054 

y 

0 . 33 ™ 

0.10 

k).33^ 

0.10 

ko .52 
Oil 6 

0.52 

0.16 

0.52 

0.16 

0.36 

0.11 

0.36 

0.11 

0.36 

0.11 

0.52 

0.16 

0.52 

0.16 

0.52 

0.16 

2/0 

3/0 

0.138 

0.042 

0.171 

0.052 

0.253 

0.077 

0.269 

k 0.082 

0.259 

0.079 

0.43 

0.13 

0.43 

0.13 

0.43 

0.13 

0.289 

0.088 

0.302 

0.092 

0.308 

0.094 

0.43 

0.13 

0.43 

0.13 

0.46 

0.14 

3/0 

4/0 

0.135 

0.041 

0.167 

0.051 

0.203 

0.062 

fl .220 

0.067 

; 0.207 
0.063 

0.33 

0.10 

0.36 

0.11 

0.33 

0.10 

0.243 

0.074 

0.256 

0.078 

0.262 

0.080 

0.36 

0.11 

0.36 

0.11 

0.36 

0.11 

4/0 

250 

0.135 

0.041 

0.171 

0.052 

0.171 

0.052 

0.187 

0.057 

0.177 

0.054 

0.279 

0.085 

0.295 

0.090 

0.282 

0.086 

0.217 

0.066 

0.230 

0.070 

0.240 

0.073 

0.308 

0.094 

0.322 

0.098 

0.33 

0.10 

250 

300 

0.135 

0.041 

0.167 

0.051 

0.144 

0.044 

0.161 

0.049 

0.148 

0.045 

0.233 

0.071 

0.249 

0.076 

0.236 

0.072 

0.194 

0.059 

0.207 

0.063 

0.213 

0.065 

0.269 

0.082 

0.282 

0.086 

0.289 

0.088 

300 

350 

0.131 

0.040 

0.164 

0.050 

0.125 

0.038 

0.141 

0.043 

0.128 

0.039 

0.200 

0.061 

0.217 

0.066 

0.207 

0.063 

0.174 

0.053 

0.190 

0.058 

0.197 

0.060 

0.240 

0.073 

0.253 

0.077 

0.262 

0.080 

350 

400 

0.131 

0.040 

0.161 

0.049 

0.108 

0.033 

0.125 

0.038 

0.115 

0.035 

0.177 

0.054 

0.194 

0.059 

0.180 

0.055 

0.161 

0.049 

0.174 

0.053 

0.184 

0.056 

0.217 

0.066 

0.233 

0.071 

0.240 

0.073 

400 

500 

0.128 

0.039 

0.157 

0.048 

0.089 

0.027 

0.105 

0.032 

0.095 

0.029 

0.141 

0.043 

0.157 

0.048 

0.148 

0.045 

0.141 

0.043 

0.157 

0.048 

0.164 

0.050 

0.187 

0.057 

0.200 

0.061 

0.210 

0.064 

500 
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Table 9 Continued 


Size 

(AWGA1 
or kcmil) 

Ohms to Neutral per Kilometer 

Ohms to Neutral per 1000 Feet 

Size 

(AWG 

or 

kcmil) 

X L (Reactance) 
for All Wires 

Alternating-Current 
Resistance for 
Uncoated 

Copper Wires 

Alternating-Current 
Resistance for 
Aluminum Wires 

Effective Z at 0.85 PF 
for Uncoated Copper 
Wires 

Effective Z at 0.85 PF 
for Aluminum 

Wires 

PVC, 

uminum 

'onduits 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

PVC A 
Conduit 

uminum 

Conduit 

Steel 

Conduit 

600 

0.128 

0.039 

0.157 

0.048 

0.075 

0.023 

0.092 

0.028 

0.082 

0.025 

0.118 

0.036 

0.135 

0.041 

0.125 

0.038 

0.131 

0.040 

0.144 

0.044 

0.154 

0.047 

0.167 

0.051 

0.180 

0.055 

0.190 

0.058 

600 

750 

0.125 

0.038 

0.157 

0.048 

0.062 

0.019 

0.079 

0.024 

0.069 

0.021 

0.095 

0.029 

0.112 

0.034 

0.102 

0.031 

0.118 

0.036 

0.131^ 

0.040 

^0.141 

0.043 

0.148 

0.045 

0.161 

0.049 

0.171 

0.052 

750 

1000 

0.121 

0.037 

0.151 

0.046 

0.049 

0.015 

0.062 

0.019 

0.059 

0.018 

0.075 

0.023 

0.089 

0.027 

0.082 

0.025 

0.105 , 
0.03^ 

0.036 

k(L131 

N 0,040 

0.128 

0.039 

0.138 

0.042 

0.151 

0.046 

1000 


Notes: 

1. These values are based on the following constants: UL-Type RHH wires wil 
are 100 percent IACS copper and 61 percent IACS aluminum, and aluminum ci 
it is negligible at these voltages. These resistance values are valid only at 75°C (1 
600-volt wire types operating at 60 Hz. 

2. Effective Z is defined as R cos(0) + X sin(0), where 0 is the power fai 
approximation for line-to-neutral voltage drop. Effective impedance valul 
power factor (PF), effective impedance ( Ze ) can be calculated from R ani 


Table 10 Conductor Stranding 


uit is j 


ding, in cradled configuration. Wire conductivities 
percent IACS. Capacitive reactance is ignored, since 
[ for the parameters as given, but are representative for 



circuit. Multiplying current by effective impedance gives a good 
table valid only at 0.85 power factor. For another circuit 
is table as follows: Ze = R x PF + X L sin[arccos(PF)]- 


Number of Strands 


Conductor Size 

Copper 

Aluminum 

AWG or kcmil 

V 

J 

ClasS B |£ [ROP l-185a] 

Class C 

Class B c [ROP l-185a] 

24-30 

0^8x05 

\ > 

— 

— 

22 

0.32 

J 

— 

— 

20 

0.52 

r iT 

— 

— 

18 

0.82 

16 

— 

— 

16 

1.3 

26 

— 

— 

14-2 

2.1-33.6 

7 

19 

7 b 

1-4/0 

42.4-107 

19 

37 

19 

250-500 

127-253 

37 

61 

37 

600-1000 

304-508 

61 

91 

61 

1250-1500 

635-759 

91 

127 

91 

1750-2000 

886-1016 

127 

271 

127 


“Number of strands vary. 

b Aluminum 14 AWG (2.1 mm 2 ) is not available. 

0 Conductors with a lesser number of strands shall be permitted based on an evaluation for connectability and bending. [ROP l-185a] 

With the permission of Underwriters Laboratories, Inc., material is reproduced from UL Standard 486A-B, Wire Connectors, which is copyrighted 
by Underwriters Laboratories, Inc., Northbrook, Illinois. While use of this material has been authorized, UL shall not be responsible for the manner 
in which the information is presented, nor for any inteipretations thereof. For more information on UL or to purchase standards, please visit our 
Standards website at www.comm-2000.com or call 1-888-853-3503. 
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CHAPTER 9 


Tables 11(A) and 11(B) 

For listing purposes. Table 11(A) and Table 11(B) provide the required power source limitations for Class 2 and Class 3 
power sources. Table 11(A) applies for alternating-current sources, and Table 11(B) applies for direct-current sources. 

The power for Class 2 and Class 3 circuits shall be either (1) inherently limited, requiring no overcurrent protection, or 
(2) not inherently limited, requiring a combination of power source and overcurrent protection. Power sources designed for 
interconnection shall be listed for the purpose. 

As part of the listing, the Class 2 or Class 3 power source shall be durably marked where plainly visible to indicate the 
class of supply and its electrical rating. A Class 2 power source not suitable for wet location use shall be so marked. 

Exception: Limited power circuits used by listed information technology equipment. 

Overcurrent devices, where required, shall be located at the point where the conductor to be protected receives its supply 
and shall not be interchangeable with devices of higher ratings. The overcurrent device shall be permitted as an integral part 
of the power source. 


Table 11(A) Class 2 and Class 3 Alternating-Current Power Source Limitation^ 


Power Source 

Inherently Limited Power Source (Overcurrent/ 
Protection Not Required) ^ 

Not Inherently Limited Power Source 
(Overcurrent Protection Required) 

Class 2 

Class 3 

^^flass 2 

Class 3 

Source voltage 

Tmax (Volts) 

(see Note 1) 

0 through 20* 

Over 20 and 
through 30* 

Over 30 ai^^ 
through 150 

w 

Over 3()/%d 
through 100 

0 throu^^ 
20* 

Over 20 and 
through 30* 

Over 30 and 
through 100 

Over 100 and 
through 150 

Power limitations 

VA max (volt-amperes) 

(see Note 1) 

— 

— 

N 

A 

250 (see 
Note 3) 

250 

250 

N.A. 

Current limitations 

4,ax (amperes) 

(see Note 1) 

8.0 


\ 

S/V max 

1000/V max 

iooo/y max 

iooo/y max 

1.0 

Maximum overcurrent 
protection (amperes) 

- ◄ 

m 


— 

5.0 

ioo/y max 

100/ v max 

1.0 

Power source 
maximum 
nameplate 
rating 

VA (volt- 
amperes) 

5.0 

A 

0.005 x V max 

100 

5.0 X 

100 

100 

100 

Current ^ 

(amperes) 

V 

J^/Tmax 

0.005 

100/V max 

5.0 

ioo/y max 

100/V^ 

ioo/y max 


*Voltage ranges shown are for sinusoidal ac iirindoor locations or where wet contact is not likely to occur. 
For nonsinusoidal or wet contact conditions; see Note 2. 


Table 11(B) Class 2 and Class 3 Direct-Current Power Source Limitations 


Power Source 

Inherently Limited Power Source (Overcurrent 
Protection Not Required) 

Not Inherently Limited Power Source 
(Overcurrent 

Protection Required) 

Class 2 

Class 3 

Class 2 

Class 3 

Source voltage 
^max (volts) 

(see Note 1) 

0 through 
20* 

Over 20 and 
through 30* 

Over 30 and 
through 60* 

Over 60 and 
through 150 

Over 60 
and 

through 

100 

0 through 
20* 

Over 20 and 
through 60* 

Over 60 
and 

through 

100 

Over 100 
and through 
150 
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CHAPTER 9 


TABLES 


Table 11(B) Continued 




Inherently Limited Power Source (Overcurrent 
Protection Not Required) 

Not Inherently Limited Power Source 
(Overeurrent 

Protection Required) 

Power Source 

Class 2 

Class 3 

Class 2 

Class 3 

Power limitations 

VAmax (volt-amperes) 

(see Note 1) 

— 

— 

— 

— 

— 

250 (see 
Note 3) 

250 

250 

N.A. 

Current limitations 

Imax (amperes) 

(see Note 1) 

8.0 

8.0 

150/V max 

0.005 

i 5 o/y max 

1000/V max 

iooo/v max 

iooo/v max 

1.0 

Maximum overcurrent 
protection (amperes) 

— 

— 

— 

— 

— 

5.0 

ioo/v max 

100/V max 

1.0 

Power 

source 

VA 

(volt-amperes) 

5 0 x V max 

100 

100 

0.005x V max 

100 

5-05iT max 

100 

100 

100 

maximum 

nameplate 

rating 

Current 

(amperes) 

5.0 

100/V max 

100/V max 

0.005 

100/V^ 

V 

100/F max 

100/F max 

ioo/y max 


*Voltage ranges shown are for continuous dc in indoor locations or where wet cont; 
For interrupted dc or wet contact conditions, see Note 4. 

Notes for Tables 11(A) and 11(B) 

l lmax> Imax’ an d ®max are determined with the current-limiting impedance in fl 
V max : Maximum output voltage regardless of load with rated input applied. 


7 max : Maximum output current under any noncapacitive load, includi 
transformer limits the output current, 7 max limits apply after 1 minute 
as part of a listed product, is used in combination with a nonpower-’ 
output current, 7 max limits apply after 5 seconds. 

H4 max : Maximum volt-ampere output after 1 minute of 

2. For nonsinusoidal ac, V max shall not be greater 
wiring methods shall be used or V max shall not be 

3. If the power source is a transformer, L4 max is 3. 

4. For dc interrupted at a rate of 10 to 200 Hz, V t 
to occur. Class 3 wiring methods shall be used, or sh; 
at a rate of 10 to 200 Hz. 



irt circuit, 

Wherel 



not likely to occur. 

Tot bypassed) as follows: 

ith overcurrent protection bypassed if used. Where a 
ent-limiting impedance, listed for the purpose, or 
stbred energy source, e.g., storage battery, to limit the 


load and overcurrent protection bypassed if used, 
wet contact (immersion not included) is likely to occur, Class 3 
soidal ac and 21.2 volts peak for nonsinusoidal ac. 
r less. 

greater than 24.8 volts peak. Where wet contact (immersion not included) is likely 
be greater than 30 volts for continuous dc; 12.4 volts peak for dc that is interrupted 


Tables 12(A) and 12(B) 

For listing purposes, Tables 12(A) and 12(B) provide the required power source limitations for power-limited fire alarm 
sources. Table 12(A) applies for alternating-current sources, and Table 12(B) applies for direct-current sources. The power for 
power-limited fire alarm circuits shall be either (1) inherently limited, requiring no overcurrent protection, or (2) not 
inherently limited, requiring the power to be limited by a combination of power source and overcurrent protection. 

As part of the listing, the PLFA power source shall be durably marked where plainly visible to indicate that it is a 
power-limited fire alarm power source. The overcurrent device, where required, shall be located at the point where the 
conductor to be protected receives its supply and shall not be interchangeable with devices of higher ratings. The overcurrent 
device shall be permitted as an integral part of the power source. 


Table 12(A) PLFA Alternating-Current Power Source Limitations 


Power Source 

Inherently Limited Power Source 
(Overcurrent 

Protection Not Required) 

Not Inherently Limited Power Source 
(Overcurrent 

Protection Required) 

Circuit voltage 

F ma x(volts) 

(see Note 1) 

0 through 20 

Over 20 and 
through 30 

Over 30 and 
through 100 

0 through 20 

Over 20 and 
through 100 

Over 100 and 
through 150 
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Table 12(A) Continued 


Power Source 

Inherently Limited Power Source 
(Overcurrent 

Protection Not Required) 

Not Inherently Limited Power Source 
(Overcurrent 

Protection Required) 

Power limitations 

L4 max ( volt-amperes) 

(see Note 1) 

— 

— 

— 

250 

(see Note 2) 

250 

N.A. 

Current limitations 

^max 

(amperes) (see Note 1) 

8.0 

8.0 

150/V max 

1000/F max 

iooo/v max 

1.0 

Maximum overcurrent protection 
(amperes) 

— 

— 

— 

5.0 

ioo/v max 

1.0 

Power source 
maximum 
nameplate 
ratings 

VA (volt- 
amperes) 

5-0 x V max 

100 

100 

A 

^■0 x V max 

100 

100 

Current 

(amperes) 

5.0 

100/V max 


V 

100/V max 

100/V max 


Table 12(B) PLFA Direct-Current Power Source Limitations 


Power Source 

Inherently Limited Power Source 

(Overcurrent Protection Not Required) 

wfc. 

Not Inherently Limited Power Source 
(Overcurrent Protection Required) 

Circuit voltage V max (volts) (see 
Note 1) 

0 through 20 

Over 20 and 
through 30 > 

Over 30 and 
through 100 

0 through 20 

Over 20 and 
through 100 

Over 100 and 
through 150 

Power limitations L4 max 
(volt-amperes) (see 

Note 1) 


La 

— 

250 (see Note 2) 

250 

N.A. 

Current limitations / max (amperes) 
(see Note 1) 


8.0 

150/V max 

1000/V max 

1000/P max 

1.0 

Maximum overcurrent protection 
(amperes) 

y 

► 

— 

5.0 

ioo/v max 

1.0 

Power source 
maximum 
nameplate 
ratings 

VA (volt- 
amperes) 


100 

100 

5-0 x V max 

100 

100 

Current 

(amperes) 


100/V max 

100/V max 

5.0 

100/V max 

100/V max 


Notes for Tables 12(A) and 12(B) 

1. V max’ W- and E4 max are determined as follows: 

V max : Maximum output voltage regardless of load with rated input applied. 

I max : Maximum output current under any noncapacitive load, including short circuit, and with overcurrent protection bypassed if used. Where a 
transformer limits the output current, / max limits apply after 1 minute of operation. Where a current-limiting impedance, listed for the purpose, is 
used in combination with a nonpower-limited transformer or a stored energy source, e.g., storage battery, to limit the output current, / max limits 
apply after 5 seconds. 

VA max : Maximum volt-ampere output after 1 minute of operation regardless of load and overcurrent protection bypassed if used. Current limiting 
impedance shall not be bypassed when determining 7 max and V4 max . 

2. If the power source is a transformer, V4 max is 350 or less when V max is 15 or less. 
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INFORMATIVE ANNEX A 


Informative Annex A Product 

Informative Annex A is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. [ROP l-186a] 

This informative annex provides a list of product safety 
standards used for product listing where that listing is re¬ 
quired by this Code. It is recognized that this list is current 
at the time of publication but that new standards or modi- 

Product Standard Name 


Safety Standards [ROP 1-186] 

fications to existing standards can occur at any time while 
this edition of the Code is in effect. 

This informative annex does not form a mandatory part 
of the requirements of this Code but is intended only to 
provide Code users with informational guidance about the 
product characteristics about which Code requirements 
have been based. 

Product Standard Number 


Aboveground Reinforced Thermosetting Resin conduit (RTRC) and Fittings 
Antenna-Discharge Units 
Arc-Fault Circuit-Interrupters 
Armored Cable 

Attachment Plugs and Receptacles 

Audio, Video and Similar Electronic Apparatus — Safety Requirements 
Batteries for Use in Electric Vehicles 

Batteries For Use in Light Electric Rail (LER) Applications and Stationary Applications 
Belowground Reinforced Thermosetting Resin Conduit (RTRC) and Fittings 
Busways 

Cables — Thermoplastic-Insulated Underground Feeder and Branch-Circuit Cables 
Cables — Thermoplastic-Insulated Wires and Cables 
Cables — Thermoset-Insulated Wires and Cables 
Cable and Cable Fittings for Use in Hazardous (Classified) Locations 
Cables for Non-Power-Limited Fire-Alarm Circuits 
Cables for Power-Limited Fire-Alarm Circuits 
Capacitors 

Cellular Metal Floor Raceways and Fittings 
Circuit Breakers for Use in Communication Equipment 
Circuit Integrity (Cl) Cable — Fire Tests for Electrical Circuit Protective 
Circuit Integrity (Cl) Cable — Tests for Fire Resistive Cables 
Class 2 Power Units 
Communications Cables 
Communication Circuit Accessories 
Community-Antenna Television Cables 
Concentrator Photovoltaic Modules and Assemblies 
Conduit, Tubing, and Cable Fittings 
Connectors for Use in Photovoltaic Systems 
Cord Sets and Power-Supply Cords 
Cover Plates for Flush-Mounted Wiring Di 
Data-Processing Cable 
Distributed Wiring Harnesses 
Electric Generators 
Electric Heating Appliances 
Electric Sign Components 
Electric Signs 

Electric Spas, Equipment Assemblies, and AssocSi hipment 
Electric Vehicle (EV) Charging System Equipment 
Electric Vehicle Supply Equipment 
Electric Water Heaters for Pools and Tubs 

Electrical Apparatus for Explosive Gas Atmospheres — Part 15: Type of Protection “n” 

Electrical Apparatus for Use in Class I, Zone 1 Hazardous (Classified) Locations Type of 
Protection — Encapsulation “m” 

Electrical Apparatus for Use in Zone 20, Zone 21, and Zone 22 Hazardous (Classified) Locations 

— Protection by Encapsulation “mD” 

Electrical Apparatus for Use in Zone 21 and Zone 22 Hazardous (Classified) Locations — 
Protection by Enclosure “tD” 

Electrical Apparatus for Use in Zone 20, Zone 21, and Zone 22 Hazardous (Classified) Locations 

— General Requirements 

Electrical Apparatus for Use in Zone 20, Zone 21, and Zone 22 Hazardous (Classified) Locations 

— Protection by Intrinsic Safety “iD” 

Electrical Apparatus for Use in Zone 21 and Zone 22 Hazardous (Classified) Locations — 
Protection by Pressurization “pD” 

Electrical Intermediate Metal Conduit — Steel 
Electrical Metallic Tubing — Aluminum 
Electrical Metallic Tubing — Steel 
Electrical Nonmetallic Tubing 

Electrical Resistance Heat Tracing for Industrial Applications 
Electrical Rigid Metal Conduit — Steel 
Electric-Battery-Powered Industrial Trucks 


UL 2515 
UL 452 
UL 1699 
UL Aa 




UL 857 
UL 493 
UL 83 
UL 44 
UL 2225 
UL 1425 
UL 1424 
UL 810 
UL 209 
UL 489A 
Subject 1724 
UL 2196 
UL 1310 
UL 444 
UL 1863 
UL 1655 
Subject 8703 
UL514B 
Subject 6703 
UL 817 
UL514D 
UL 1690 
Subject 9703 
UL 1004-4 
UL 499 
UL 879 
UL 48 
UL 1563 
UL 2202 
UL 2594 
UL 1261 

ANSI/ISA-60079-15/ANSI/UL 60079-15 
ANSI/ISA-60079-18/ANSI/UL 60079-18 

ANSI/ISA-61241-18 

ANSI/ISA-61241-1 

ANSI/ISA-61241-0 

ANSI/ISA-61241-11 

ANSI/ISA-61241-2 

UL 1242 
UL 797A 
UL 797 
UL 1653 
IEEE 515 
UL 6 
UL 583 
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Product Standard Name 


Product Standard Number 


Electrochemical Capacitors UL 810A 

Emergency Lighting and Power Equipment UL 924 

Enclosed and Dead-Front Switches UL 98 

Enclosed and Dead-Front Switches for Use in Photovoltaic Systems Subject 98B 

Enclosures for Electrical Equipment, Environmental Considerations UL 50E 

Enclosures for Electrical Equipment UL 50 

Energy Management Equipment UL 916 

Explosionproof and Dust-Ignition-Proof Electrical Equipment for Use in Hazardous (Classified) UL 1203 

Locations 


Explosive Gas Atmospheres — Part 0: Equipment- General requirements 
Explosive Gas Atmospheres — Part 7: Increased safety “e” 

Explosive Gas Atmospheres — Part 1: Type of protection - Flameproof “d” 

Explosive Gas Atmospheres — Part 5: Type of protection - Powder filling “q” 

Explosive Gas Atmospheres — Part 6: Type of protection - Oil immersion “o” 

Fire Pump Controllers 
Fire Pump Motors 
Fire Resistive Cables, Test for 
Fixture Wire 

Flame Propagation Height of Electrical and Optical-Fiber Cables Installed Vertically in Shafts, Test 


ANSI/ISA-60079-0/ANSI/UL 

ANSI/ISA-60079-7/ANSI/UL 

ANSI/ISA-60079-1/ANSI/UL 

ANSI/ISA-60079-5/ANSI/UL 

ANSI/ISA-60079-6/ANSI/UL 

UL 218 

UL 1004-5 

UL 2196 

UL 66 

UL 1666 


for 

Flat-Plate Photovoltaic Modules and Panels 
Flexible Cords and Cables 
Flexible Lighting Products 
Flexible Metal Conduit 
Fluorescent-Lamp Ballasts 
Gas and Vapor Detectors and Sensors 

Gas-Burning Heating Appliances for Manufactured Homes and Recreational Vehic 
Gas-Fired Cooking Appliances for Recreational Vehicles 
Gas-Tube-Sign Cable 
General-Use Snap Switches 
Ground-Fault Circuit-Interrupters 
Ground-Fault Sensing and Relaying Equipment 
Grounding and Bonding Equipment 
Hardware for the Support of Conduit, Tubing and Cable 
Heating and Cooling Equipment 
High-Intensity-Discharge Lamp Ballasts 

Household and Similar Electrical Appliances, Part 2: Particular Re^ 

Appliances, Ice-Cream Appliances, and Ice-makers 
Household Refrigerators and Freezers 
Impedance Protected Motors 
Industrial Battery Chargers 
Industrial Control Equipment 
Industrial Control Panels 
Information Technology Equipment Safety - Pa 
Information Technology Equipment - Safety- Pai 
Information Technology Equipments afi 
Information Technology Equipment Safety - P art 2 3: L3 
Instrumentation Tray Cable 
Insulated Multi-Pole Splicing Wire Connectors 

Inverters, Converters, Controllers^^! Interconnectiol System Equipment for Use with Distributed 
Energy Resources 
Isolated Power Systems Equipment 
Junction Boxes for Swimming Pool Lui 
Light Emitting Diode (LED) Equipment 
Liquid Fuel-Burning Heating Appliances fo? 

Liquid-Tight Flexible Nonmetallic Conduit 
Liquid-Tight Flexible Steel Conduit 
Lithium Batteries 

Low-Voltage Fuses —Fuses for Photovoltaic Systems 
Low-Voltage Fuses — Part 1: General Requirements 
Low-Voltage Fuses — Part 2: Class C Fuses 
Low-Voltage Fuses — Part 3: Class CA and CB Fuses 
Low-Voltage Fuses — Part 4: Class CC Fuses 
Low-Voltage Fuses — Part 5: Class G Fuses 
Low-Voltage Fuses — Part 6: Class H Non-Renewable Fuses 
Low-Voltage Fuses — Part 7: Class H Renewable Fuses 
Low-Voltage Fuses — Part 8: Class J Fuses 
Low-Voltage Fuses — Part 9: Class K Fuses 
Low-Voltage Fuses — Part 10: Class L Fuses 
Low-Voltage Fuses — Part 11: Plug Fuses 
Low-Voltage Fuses — Part 12: Class R Fuses 
Low-Voltage Fuses — Part 13: Semiconductor Fuses 
Low-Voltage Fuses — Part 14: Supplemental Fuses 
Low-Voltage Fuses — Part 15: Class T Fuses 
Low-Voltage Fuses — Part 16: Test Limiters 
Low-Voltage Landscape Lighting Systems 
Low-Voltage Lighting Fixtures for Use in Recreational Vehicles 



ents 

demote Power Feeding 
pment to be Installed Outdoors 
Data Storage Equipment 


!e in Lighting Products 

anufactured Homes and Recreational Vehicles 


UL 1703 
UL 62 
UL 2388 
UL 1 
935 
2075 
07 B 


UL 1053 
UL 467 
UL 2239 
UL 1995 
UL 1029 
UL 60335-2-24 

UL 250 
UL 1004-2 
UL 1564 
UL 508 
UL 508A 
UL 60950-1 
UL 60950-21 
UL 60950-22 
UL 60950-23 
UL 2250 
UL 2459 
UL 1741 

UL 1047 
UL 1241 
UL 8750 
UL 307A 
UL 1660 
UL 360 
UL 1642 
Subject 2579 
UL 248-1 
UL 248-2 
UL 248-3 
UL 248-4 
UL 248-5 
UL 248-6 
UL 248-7 
UL 248-8 
UL 248-9 
UL 249-10 
UL 248-11 
UL 248-12 
UL 248-13 
UL 248-14 
UL 248-15 
UL 248-16 
UL 1838 
UL 234 


60079-0 

60079-7 

60079-1 

60079-5 

60079-6 
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Product Standard Name 


Product Standard Number 


Low-Voltage Lighting Systems 

Low-Voltage Swichgear and Controlgear - Part 4-1 A: Contactors and Motor-Starters- 
Electromechanical Contactors and Motor-Starters 
Low-Voltage Switchgear and Controlgear - Part 5-2: Control Circuit Devices and Switching 
Elements - Proximity Switches 
Low Voltage Transformers - Part 1: General Requirements 
Low Voltage Transformers - Part 3: Class 2 and Class 3 Transformers 
Luminaire Reflector Kits for Installation on Previously Installed Fluorescent Luminaires, 
Supplemental Requirements 
Luminaires 

Machine-Tool Wires and Cables 
Manufactured Wiring Systems 

Medical Electrical Equipment — Part 1: General Requirements for Safety 

Medium-Voltage AC Contactors, Controllers, and Control Centers 

Medium-Voltage Power Cables 

Metal-Clad Cables 

Metallic Outlet Boxes 

Mobile Home Pipe Heating Cable 

Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures 
Molded-Case Circuit Breakers, Molded-Case Switches, and Circuit-Breaker Enclosures for Use 
with Photovoltaic (PV) Systems 
Motor Control Centers 
Motor-Operated Appliances 

Multi-Pole Connectors for Use in Photovoltaic Systems 
Neon Transformers and Power Supplies 

Nonincendive Electrical Equipment for Use in Class I and II, Division 2 and Class III, Div: 

and 2 Hazardous (Classified) Locations 
Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers 
Nonmetallic Surface Raceways and Fittings 
Nonmetallic Underground Conduit with Conductors 
Office Furnishings 
Optical Fiber Cable 

Optical Fiber and Communication Cable Raceway 
Panelboards 

Performance Requirements of Detectors for Flammable Gases 
Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits; Pi 
General Requirements 

Personnel Protection Systems for Electric Vehicle Supply Cir cuiiaatePa rt 2 
Particular Requirements for Protection Devices for UseJrf 
Photovoltaic DC Arc-Fault Circuit Protection 
Photovoltaic Junction Boxes 
Photovoltaic Wire 

Plugs, Receptacles and Couplers for Electrical Vehicled 
Portable Electric Luminaires 
Portable Power-Distribution Equipment 
Potting Compounds for Swimming Pool, 

Power Conversion Equipment 
Power Outlets 

Power Units Other Than Class 2 
Power-Limited Circuit Cables 
Professional Video and Audio Equipment 
Programmable Controllers - Part 2: EquipmefiH 
Protectors for Coaxial Communications Circuits^ 

Protectors for Data Communication and Fire i 
Protectors for Paired-Conductor Communications Circuits 
Reference Standard for Electrical Wires, Cables, and Flexible Cords 

Requirements for Process Sealing Between Electrical Systems and Potentially Flammable or 
Combustible Process Fluids 
Residential Pipe Heating Cable 
Roof and Gutter De-Icing Cable Units 
Room Air Conditioners 

Rotating Electrical Machines - General Requirements 
Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings 
Schedule 40 and 80 High Density Polyethylene (HDPE) Conduit 
Sealed Wire Connector Systems 
Seasonal and Holiday Decorative Products 
Secondary Protectors for Communications Circuits 
Self-Ballasted Lamps and Lamp Adapters 
Service-Entrance Cables 

Smoke Detectors for Fire Alarm Signaling Systems 
Solar Trackers 
Specialty Transformers 
Splicing Wire Connectors 

Stage and Studio Luminaires and Connector Strips 
Standby Batteries 

Stationary Engine Generator Assemblies 
Strut-Type Channel Raceways and Fittings 



and Tests 


UL 2108 
UL 60947-4-1A 

UL 60947-5-2 

UL 5085-1 
UL 5085-3 
UL 1598B 

UL 1598 
UL 1063 
UL 183 
UL 60601-1 
UL 347 
UL 1072 
UL 1569 
UL514A 
Subject 1462 
UL 489 
Subject 489B 




UL514C 
UL 5A 
UL 1990 
UL 1286 
UL 1651 
UL 2024 
UL 67 

ANSI/ISA-60079-29-1 
UL 2231-1 

UL 2231-2 

Subject 1699B 
Subject 3730 
Subject 4703 
UL 2251 
UL 153 
UL 1640 
UL 676A 
UL 508C 
UL 231 
UL 1012 
UL 13 
UL 1419 
UL 61131-2 
UL 497C 
UL 497B 
UL 497 
UL 1581 

ANSI/ISA-12.27.01 

Subject 2049 
Subject 1588 
UL 484 
UL 1004-1 
UL 651 
UL 651A 
UL 486D 
UL 588 
UL 497A 
UL 1993 
UL 854 
UL 268 
Subject 3703 
UL 506 
UL 486C 
UL 1573 
UL 1989 
UL 2200 
UL5B 
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Product Standard Name 

Product Standard Number 

Supplemental Requirements for Extra-Heavy Wall Reinforced Thermosetting Resin Conduit 

UL2515A 

(RTRC) and Fittings 


Surface Metal Raceways and Fittings 

UL 5 

Surface Raceways and Fittings for Use with Data, Signal and Control Circuits 

UL5C 

Surge Arresters — Gapped Silicon-Carbide Surge Arresters for AC Power Circuits 

IEEE C62.1 

Surge Arresters — Metal-Oxide Surge Arresters for AC Power Circuits 

IEEE C62.ll 

Swimming Pool Pumps, Filters, and Chlorinators 

UL 1081 

Switchboards 

UL 891 

Thermally Protected Motors 

UL 1004-3 

Transfer Switch Equipment 

UL 1008 

Underfloor Raceways and Fittings 

UL 884 

Underwater Luminaires and Submersible Junction Boxes 

UL 676 

Uninterruptible Power Systems 

UL 1778 

Vacuum Cleaners, Blower Cleaners, and Household Floor Finishing Machines 

UL 1017 

Waste Disposers 

UL 430 

Wind Turbine Generating Systems 

Subject 6140 

Wind turbine Generating Systems - Small 

Subject 6142 

Wire Connectors 

UL 486A-486B 

Wireways, Auxiliary Gutters, and Associated Fittings 

UL 870 
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Informative Annex B Application Information for Ampacity Calculation 


This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. 


(Rho), see ANSI/IEEE Standard 442-1996, Guide for Soil 
Thermal Resistivity Measurements. 


B.310.15(B)(1) Equation Application Information. This 
informative annex provides application information for am¬ 
pacities calculated under engineering supervision. 


B.310.15(B)(2) Typical Applications Covered by Tables. 

Typical ampacities for conductors rated 0 through 2000 
volts are shown in Table B.310.15(B)(2)(1) through Table 
B.310.15(B)(2)(10). Table B.310.15(B)(2)( 11) provides the 
adjustment factors for more than three current-carrying 
conductors in a raceway or cable with load diversity. Un¬ 
derground electrical duct bank configurations, as detailed in 
Figure B.310.15(B)(2)(3), Figure B.310.15(B)(2)(4), and 
Figure B.310.15(B)(2)(5), are utilized for conductors rated 
0 through 5000 volts. In Figure B.310.15(B)(2)(2) through 
Figure B.310.15(B)(2)(5), where adjacent duct banks are 
used, a separation of 1.5 m (5 ft) between the centedines of 
the closest ducts in each bank or 1.2 m (4 ft) between the 
extremities of the concrete envelopes is suffic 
derating of the conductors due to mutual 
ampacities were calculated as detailed in the 1 
paper, AIEE Paper 57-660, The Calculatic 
perature Rise and Load CapabiUtf/bf Cabled 
H. Neher and M. H. McGrath. For additionaT'fnformation 
concerning the application of ttese ampjpties, see 
IEEE/ICEA Standard S-135/P-46-426^Powg^£able Am¬ 
pacities, and IEEE Standard 835-1994\ Standard Power 
Cable Ampacity Tables. 

Typical values of thermal resistivity (Rho) are as fol¬ 


lows: 


90 


Average soil (90 percent of USA) 

Concrete = 55 

Damp soil (coastal areas, high water table) = 60 
Paper insulation = 550 
Polyethylene (PE) = 450 
Polyvinyl chloride (PVC) = 650 
Rubber and rubber-like = 500 
Very dry soil (rocky or sandy) = 120 
Thermal resistivity, as used in this informative annex, 
refers to the heat transfer capability through a substance by 
conduction. It is the reciprocal of thermal conductivity and 
is normally expressed in the units°C-cm/watt. For addi¬ 
tional information on determining soil thermal resistivity 


B.310.15(B)(3) Criteria Modifications. Where values of 
load factor and Rho are known for a particular electrical 
duct bank installation and they are different from those 
shown in a specific table or figure, the ampacities shown in 
the table or figure can be modified by the application of 
factors derived from the use of Figure B.310.15(B)(2)(1). 

Where two different ampacities apply to adjacent por¬ 
tions of a circuit, the higher ampacity can be used beyond 
the point of transition a distance equal to 3 m (10 ft) or 
10 percent of the circuit length calculated at the higher 
ampacity, whichever^ less. 

WherotPie hurial depth of direct burial or electrical duct 
bank chgjiits are modified from the values shown in a fig¬ 
ure or table, ampacities can modified as shown in (a) and 

(b* 



fere burial depths are increased in part(s) of an 
electrical duct run to avoid underground obstructions, no 
ise in ampacity of the conductors is needed, provided 
the total length of parts of the duct run increased in depth to 
id obstructions is less than 25 percent of the total run 
length. 

(b) Where burial depths are deeper than shown in a 
specific underground ampacity table or figure, an ampacity 
derating factor of 6 percent per increased 300 mm (foot) of 
depth for all values of Rho can be utilized. No rating 
change is needed where the burial depth is decreased. 


B.310.15(B)(4) Electrical Ducts. The term electrical 
duct(s) is defined in 310.60. 


B.310.15(B)(5) Table 
B.310.15(B)(2)(7). 


B.310.15(B)(2)(6) and Table 


(a) To obtain the ampacity of cables installed in two 
electrical ducts in one horizontal row with 190-mm (7.5- 
in.) center-to-center spacing between electrical ducts, simi¬ 
lar to Figure B.310.15(B)(2)(2), Detail 1, multiply the am¬ 
pacity shown for one duct in Table B.310.15(B)(2)(6) and 
Table B.310.15(B)(2)(7) by 0.88. 

(b) To obtain the ampacity of cables installed in four 
electrical ducts in one horizontal row with 190-mm (7.5- 
in.) center-to-center spacing between electrical ducts, simi¬ 
lar to Figure B.310.15(B)(2)(2), Detail 2, multiply the am¬ 
pacity shown for three electrical ducts in Table 
B.310.15(B)(2)(6) and Table B.310.15(B)(2)(7) by 0.94. 
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B.310.15(B)(6) Electrical Ducts Used in Figure 
B.310.15(B)(2)(2). If spacing between electrical ducts, as 
shown in Figure B.310.15(B)(2)(2), is less than specified in 
Figure B.310.15(B)(2)(2), where electrical ducts enter 
equipment enclosures from underground, the ampacity of 
conductors contained within such electrical ducts need not 
be reduced. 

B.310.15(B)(7) Examples Showing Use of Figure 
B.310.15(B)(2)(1) for Electrical Duct Bank Ampacity 
Modifications. Figure B.310.15(B)(2)(1) is used for inter¬ 
polation or extrapolation for values of Rho and load factor 
for cables installed in electrical ducts. The upper family of 
curves shows the variation in ampacity and Rho at unity 
load factor in terms of /,, the ampacity for Rho = 60, and 
50 percent load factor. Each curve is designated for a par¬ 
ticular ratio 7 2 //i, where / 2 is the ampacity at Rho =120 and 
100 percent load factor. 

The lower family of curves shows the relationship be¬ 
tween Rho and load factor that will give substantially the 
same ampacity as the indicated value of Rho at 100 percent 
load factor. 

Table B.310.15(B)(2)(1) Ampacities of Two or Three Insulated Coi 
Covering (Multiconductor Cable), in Raceway in Free Ak.Based on 


As an example, to find the ampacity of a 500-kcmil 
copper cable circuit for six electrical ducts as shown in 
Table B.310.15(B)(2)(5): At the Rho = 60, LF = 50, /, = 
583; for Rho =120 and LF = 100, I 2 = 400. The ratio / 2 //, 
= 0.686. Locate Rho = 90 at the bottom of the chart and 
follow the 90 Rho line to the intersection with 100 percent 
load factor where the equivalent Rho = 90. Then follow the 
90 Rho line to I 2 tl \ratio of 0.686 where F = 0.74. The 
desired ampacity = 0.74 x 583 = 431, which agrees with the 
table for Rho = 90, LL = 100. 

To determine the ampacity for the same circuit where 
Rho = 80 and LL = 75, using Ligure B.310.15(B)(2)(1), the 
equivalent Rho = 43, F = 0.855, and the desired ampacity = 
0.855 x 583 = 498 amperes. Values for using Figure 
1) are found in the electrical duct bank am- 
this informative annex, 
load factor is less than 100 percent and can 
easurement or calculation, the ampacity of 
installations can be modified as shown. 


B.310. 
pacity tabli 
Wlie, 
be Vi 
electrical 


ierent values 


Temperature Rating of Coni 




p can be accommodated in the same 


s, Rated 0 Through 2000 Volts, Within an Overall 
ient Air Temperature of 30°C (86°F)* 


ee Table 310.104(A).] 



60°C (140°F) 

75°C (167°F) 

' §0°C (194°F) 

-^- 

60°C (140°F) 

75°C (167°F) 

90°C (194°F) 





Types THUN. 
THHW. 



Types THHN, 





THW-2, 



THHW, 





THWN-2, 



THW-2, 





RHH, 



THWN-2, 




Types, RHW, 
THHW, 

RWH-2, 

USE-2, 


Types RHW, 

RHH, 

RWH-2,USE-2, 



Types TW^ 

i'hvvn, 

XHHW, 

XHHW-2, 


THHW, THW, 
THWN, 

XHHW, 

XHHW-2, 




X11UW. zw 

ZW-2 

Type TW 

XHHW 

ZW-2 


Size (AWG or 




ALUMINUM OR COPPER-CLAD 

Size (AWG or 

kcmil) 


COPPER 



ALUMINUM 


kcmil) 

14 

16** 

18** 

21** 

_ 

_ 

_ 

14 

12 

20** 

24** 

27** 

16** 

18** 

21** 

12 

10 

27** 

33** 

36** 

21** 

25** 

28** 

10 

8 

36 

43 

48 

28 

33 

37 

8 

6 

48 

58 

65 

38 

45 

51 

6 

4 

66 

79 

89 

51 

61 

69 

4 

3 

76 

90 

102 

59 

70 

79 

3 

2 

88 

105 

119 

69 

83 

93 

2 

1 

102 

121 

137 

80 

95 

106 

1 

1/0 

121 

145 

163 

94 

113 

127 

1/0 

2/0 

138 

166 

186 

108 

129 

146 

2/0 

3/0 

158 

189 

214 

124 

147 

167 

3/0 

4/0 

187 

223 

253 

147 

176 

197 

4/0 
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Table B.310.15(B)(2)(1) Continued 


Size (AWG or 
kcmil) 

Temperature Rating of Conductor. [See Table 310.104(A).] 

Size (AWG or 
kcmil) 

60°C (140°F) 

75°C (167°F) 

90°C (194°F) 

60°C (140°F) 

75°C (167°F) 

90°C (194°F) 

Types TW, UF 

Types RHW, 
THHW, 
THW, 
THWN, 
XHHW, ZW 

Types THHN, 
THHW, 
THW-2, 
THWN-2, 
RHH, 
RWH-2, 
USE-2, 
XHHW, 
XHHW-2, 
ZW-2 

Type TW 

Types RHW, 
THHW, THW, 
THWN, 
XHHW 

Types THHN, 
THHW, 
THW-2, 
THWN-2, 
RHH, 

RWH-2,USE-2, 
XHHW, 
XHHW-2, 
ZW-2 

COPPER 

ALUMINUM ORgCOPPER-CLAD 
ALUMINUM 

250 

205 

245 

276 

160 

^ 192 

217 

250 

300 

234 

281 

317 

185 4 

V 221 

250 

300 

350 

255 

305 

345 

202 ^ 

24^^ 

273 

350 

400 

274 

328 

371 

218 r 

261 ^ 

295 

400 

500 

315 

378 

427 

Z 54 

^ 303 ▼ 

342 

500 

600 

343 

413 

468 

v 

335 

378 

600 

700 

376 

452 

514 

310 ■ 

371 

420 

700 

750 

387 

466 

529 4| 

^ 321 

384 

435 

750 

800 

397 

479 

543 

“ 331 

397 

450 

800 

900 

415 

500 

570 

350^, 

421 

477 

900 

1000 

448 

542 

_617 


460 

521 

1000 


*Refer to 310.15(B)(2) for the ampacity correction fao 
**Unless otherwise specifically permitted elsewhere 
for 14 AWG, 20 amperes for 12 AWG, and 30 an 
aluminum and copper-clad aluminum. 

Table B.310.15(B)(2)(3) Ampaeiti^^)f MulticonductoiN 
Through 2000 Volts, in Free Air Based on Ambient Air ' 
Cables)* 


he ambfet^temperature is other than 30°C (86°F). 

: protection for these conductor types shall not exceed 15 amperes 
or 15 amperes for 12 AWG and 25 AWG amperes for 10 AWG 


hies with Not More Than Three Insulated Conductors, Rated 0 
temperature of 40°C (104°F) (for Types TC, MC, MI, UF, and USE 


fating of Conductor. [See Table 310.104(A).] 


Size (AWG 
or kcmil) 

60°C 

(140°F) 

75°C 

(167°F) 

85°C 

(185°F) 

90°C 

(194°F) 

60°C 

(140°F) 

75°C 

(167°F) 

85°C 

(185°F) 

90°C 

(194°F) 

Size (AWG 
or kcmil) 

COPPER 

ALUMINUM OR COPPER-CLAD ALUMINUM 

18 

_ 

_ 

_ 

11 

_ 

_ 

_ 

_ 

18 

16 

— 

— 

— 

16 

— 

— 

— 

— 

16 

14 

18** 

21** 

24** 

25** 

— 

— 

— 

— 

14 

12 

21** 

28** 

30** 

32** 

18** 

21** 

24** 

25** 

12 

10 

28** 

36** 

41** 

43** 

21** 

28** 

30** 

32** 

10 

8 

39 

50 

56 

59 

30 

39 

44 

46 

8 

6 

52 

68 

75 

79 

41 

53 

59 

61 

6 

4 

69 

89 

100 

104 

54 

70 

78 

81 

4 

3 

81 

104 

116 

121 

63 

81 

91 

95 

3 

2 

92 

118 

132 

138 

72 

92 

103 

108 

2 

1 

107 

138 

154 

161 

84 

108 

120 

126 

1 

1/0 

124 

160 

178 

186 

97 

125 

139 

145 

1/0 
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INFORMATIVE ANNEX B 


Table B.310.15(B)(2)(3) Continued 



Temperature Rating of Conductor. [See Table 310.104(A).] 



60°C 

7S°C 

85°C 

90°C 

60° C 

75°C 

85°C 

90°C 


Size (AWG 

(140°F) 

(167°F) 

(185°F) 

(194°F) 

(140°F) 

(167°F) 

(185°F) 

(194°F) 

Size (AWG 









or kcmil) 


COPPER 


ALUMINUM OR COPPER-CLAD ALUMINUM 

or kcmil) 

2/0 

143 

184 

206 

215 

111 

144 

160 

168 

2/0 

3/0 

165 

213 

238 

249 

129 

166 

185 

194 

3/0 

4/0 

190 

245 

274 

287 

149 

192 

214 

224 

4/0 

250 

212 

274 

305 

320 

166 

214 

239 

250 

250 

300 

237 

306 

341 

357 

186 

240 

268 

280 

300 

350 

261 

337 

377 

394 

205 

265 

296 

309 

350 

400 

281 

363 

406 

425 

222 

287 

317 

334 

400 

500 

321 

416 

465 

487 

255 


368 

385 

500 

600 

354 

459 

513 

538 

284 a 

W 368 

410 

429 

600 

700 

387 

502 

562 

589 

306 A 

405 

462 

473 

700 

750 

404 

523 

586 

615 

328^r 

^424 

473 

495 

750 

800 

415 

539 

604 

633 

339 

439 

490 

513 

800 

900 

438 

570 

639 

670 

^362 

469^^ 

514 

548 

900 

1000 

461 

601 

674 

707 a 

r 85 + 

499 ^ 

558 

584 

1000 


*Refer to 310.15(B)(2) for the ampacity correction factors where the ami nient te 
**Unless otherwise specifically permitted elsewhere in this Code , the overcun 
for 14 AWG, 20 amperes for 12 AWG, and 30 amperes for 10 AW 'G c opper; of 
and copper-clad aluminum. 


Table B.310.15(B)(2)(11) Adjustment Factor: 
Three Current-Carrying Conductors in a Rs 
with Load Diversity 


Percent o 


Number of Conductors* 



erature is other than 40°C (104°F). 
rotection for these conductor types shall not exceed 15 amperes 
imperes for 12 AWG and 25 amperes for 10 AWG aluminum 


4 - 

6 

W 0 

7 - 

9 


10 - 

24 

Mis* ** 

25 - 

42 

60** 

43- 

85 

50** 


*Number of conductors is the total number of conductors in the race¬ 
way or cable adjusted in accordance with 310.15(B)(4) and (5). 

**These factors include the effects of a load diversity of 50 percent. 


= ampacity from Table 310.15(B)(16), Table 
310.15(B)(18), Table B.310.15(B)(2)(1), Table 
B.310.15(B)(2)(6), or Table B.310.15(B)(2)(7) 
multiplied by the appropriate adjustment factor 
from Table B.310.15(B)(2)( 11). 

= total number of conductors used to select 
adjustment factor from Table 
B.310.15(B)(2)(H) 

E = number of conductors carrying current 
simultaneously in the raceway or cable 
A 2 = ampacity limit for the current-carrying 
conductors in the raceway or cable 

Example 1 

Calculate the ampacity limit for twelve 14 AWG 
THWN current-carrying conductors (75°C) in a raceway 


Informational Note: The ampacity limit for 10 through 85 
current-carrying conductors is based on the following equa¬ 
tion. For more than 85 conductors, special calculations are 
required that are beyond the scope of this table. 


\ - 


0.5A 
V E 



or Aj, whichever is less 


that contains 24 conductors that may, at different times, be 
current-carrying. 


A ,^SM x2 0(0.7, 

= 14 amperes (i.e., 50 percent diversity) 
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Table B.310.15(B)(2)(5) Ampacities of Single Insulated Conductors, Rated 0 through 2000 Volts, in Nonmagnetic Underground 
Electrical Ducts (One Conductor per Electrical Duct), Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct 
Arrangement in Accordance with Figure B.310.15(B)(2)(2), Conductor Temperature 75°C (167°F) 


Size 

(kcmil) 


3 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 3) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


9 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 4) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


COPPER 


3 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 3) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


9 Electrical Ducts 
(Fig. 

B.310.15(B)(2)(2), 
Detail 4) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


ALUMINUM OR COPPER-CLAD ALUMINUM 


Size 

(kcmil) 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


250 
350 
500 
750 

1000 

1250 

1500 

1750 

2000 

Ambient 

Temp. 

(°C) 


410 

503 

624 

794 

936 

1055 

1160 

1250 

1332 


344 327 

418 396 
511 484 

640 603 

745 700 

832 781 

907 849 

970 907 
1027 959 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


386 

472 

583 

736 

864 

970 

1063 

1142 

1213 


295 275 
355 330 
431 400 
534 494 


617 

686 

744 


570 

632 

685 


793 729 

836 768 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


369 

446 

545 

674 

776 

854 

918 

975 

1030 


270 252 
322 299 
387 360 

469 434 

533 493 
581 536 

619 571 
651 599 

683 628 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


320 269 
393 327 
489 401 
626 505 


744 

848 

941 

1026 

1103 


RHO 

RHO 

RHO 

RHO 

RHO 

RHO 

60 

90 

120 

60 

90 

120 

LF 

LF 

LF 

LF 

LF 

LF 

50 

100 

100 

50 

100 

100 



288 

350 

430 

538 

629 

703 

767 

823 

877 


211 

252 

305 

375 

432 

478 

517 

550 

581 


197 

235 

284 

347 

399 

441 

477 

507 

535 


Correction Factors 


250 

350 

500 

750 

1000 

1250 

1500 

1750 

2000 

Ambient 

Temp. 

(°F) 


6-10 

1.09 

1.09 

1.09 


1.09 

1.09 

43-50 

11-15 

1.04 

1.04 


i 

1.04 

1.04 

52-59 

16-20 

1.00 

1.00 


1.00 

1.00 

1.00 

61-68 

21-25 

0.95 

0.95 

0.95 

% 0.95 

0.95 

0.95 

70-77 

26-30 

0.90 

0.90 

0.9|/ 

m o.9o 

0.90 

0.90 

79-86 


Example 2 

Calculate the ampacity lii 
THWN current-carrying conducto: 
that contains 24 conductors that may, 
current-carrying. 





eighteen 14 AWG 
raceway 
Jit times, be 


4 = 


(0-5)(24) 

18 


x 20(0.7) = 11.5 amperes 
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Table B.310.15(B)(2)(6) Ampacities of Three Insulated Conductors, Rated 0 through 2000 Volts, Within an Overall Covering 
(Three-Conductor Cable) in Underground Electrical Ducts (One Cable per Electrical Duct) Based on Ambient Earth 
Temperature of 20°C (68°F), Electrical Duct Arrangement in Accordance with Figure B.310.15(B)(2)(2), Conductor Temperature 
75°C (167°F) 


Size 

(AWG 

or 

kcmil) 


1 Electrical Duct 
(Fig. 

B.310.15(B)(2)(2), 
Detail 1) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


3 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 3) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


COPPER 


1 Electrical Duct 
(Fig. 

B.310.15(B)(2)(2), 
Detail 1) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


3 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 3) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


AUUMINUM OR COPPER-CLAD AUUMINUM 


Size 

(AWG 

or 

kcmil) 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


58 

77 

101 

132 

154 


54 

71 

93 

121 

140 


53 

69 

91 

118 

136 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 

56 48 46 

74 63 60 

96 81 77 

126 105 100 

146 121 114 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


RHO RHO 
60 

LF LF 
50 10! 


53 

70 

91 

119 

137 


42 

54 

69 

89 

102 



RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


36 

47 

60 

78 

89 


138^125 122 

158 143 139 
182 16^ 159 
ip20PJP87 182 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 

41 32 30 

54 42 39 

71 54 51 

92 70 65 

107 79 74 


1/0 

2/0 

3/0 

4/0 


177 160 156 
203 183 178 
233 210 204 
268 240 232 


168 137 130 
192 156 147 
221 178 158 
253 202 190 


157 1 

179 1 

205 14 

234 168 



131 107 101 
150 122 115 
172 139 131 
198 158 149 


122 90 84 
140 102 95 
160 116 107 
183 131 121 


1/0 

2/0 

3/0 

4/0 


250 

350 

500 

750 

1000 


297 265 256 
363 321 310 
444 389 375 
552 478 459 
628 539 518 


280 222 2( 
340 267 

414 320- 99 

511 388 

579 ^5 4( 



P 25?§ 184 

312J 219 
37^^L2^ 

K>2 351 321 


233 207 201 
285 252 244 
352 308 297 
446 386 372 
521 447 430 


219 174 163 
267 209 196 
328 254 237 
413 314 293 
480 361 336 


202 144 132 
245 172 158 
299 207 190 
374 254 233 
433 291 266 


250 

350 

500 

750 

1000 


Am¬ 

bient 

Temp. 

(°C) 



Correction Factors 


Am¬ 

bient 

Temp. 

(°F) 


6-10 

1.09 

1.09 

1.09 

1.09 

1.09 

1.09 

43-50 

11-15 

1.04 

l.(]W 

1.04 

1.04 

1.04 

1.04 

52-59 

16-20 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

61-68 

21-25 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

70-77 

26-30 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

79-86 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-791 
































INFORMATIVE ANNEX B 


Table B.310.15(B)(2)(7) Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, in Underground 
Electrical Ducts (Three Conductors per Electrical Duct) Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct 
Arrangement in Accordance with Figure B.310.15(B)(2)(2), Conductor Temperature 75°C (167°F) 


Size 

(AWG 

or 

kcmil) 


1 Electrical Duct 
(Fig. 

B.310.15(B)(2)(2), 
Detail 1) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


3 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 3) 


1 Electrical Duct 
(Fig. 

B.310.15(B)(2)(2), 
Detail 1) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


3 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 2) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


6 Electrical 
Ducts (Fig. 
B.310.15(B)(2)(2), 
Detail 3) 


Types RHW, 
THHW, THW, 
THWN, XHHW, 
USE 


COPPER 


AUUMINUM OR COPPER-CLAD ALUMINUM 


Size 

(AWG 

or 

kcmil) 


8 
6 
4 
3 
2 
1 

1/0 

2/0 

3/0 

4/0 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


63 

84 

111 

129 

147 

171 


58 

77 

100 

116 

132 

153 


57 

75 

98 

113 

128 

148 


197 175 169 
226 200 193 
260 228 220 
301 263 253 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


61 

80 

105 

122 

139 

161 


51 

67 

86 

99 

112 

128 


49 

63 

81 

94 

106 

121 


185 146 137 
212 166 156 
243 189 177 
280 215 201 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


RHO RHO RHO 
60^ 90 120 

LF LF LF 
50 100 100 


57 

75 

98 

113 

129 

149 


44 

56 

73 

83 

93 

106 


170 121 1 

194 136 1 

222 154 14: 

255 175 161 



144 114 107 
165 130 121 
189 147 138 
219 168 157 


RHO RHO RHO 

60 90 120 

LF LF LF 

50 100 100 


45 

59 

77 

84 

101 

116 


34 

44 

57 

65 

73 

83 


32 

41 

52 

60 

67 

77 


133 94 87 
151 106 98 
173 121 111 
199 137 126 


6 
4 
3 
2 
1 

1/0 

2/0 

3/0 

4/0 


250 

300 

350 

400 


334 

290 

279 

310 

236 

220 

373 

321 

308 

344 

260 

242 

409 

351 

337 

377 

283 

264 

442 

376 

361 

394 

302 

280 



«76 
■192 
209 
>43 223 

>~ 273 249 

1 296 270 

^ 319 ^ 291 
330 301 



220 

245 

266 

288 


150 

165 

179 

191 


137 

151 

164 

174 


250 

300 

350 

400 


500 

600 

700 

750 


503 

427 

409 

460 

552 

468 

447 

511 

602 

509 

486 

553 

632 

529 

505 

574 

654 

544 

520 

597 

692 

575 

549 

628 

730 

605 

576 

659 



397 

446 

488 

508 


338 

373 

408 

425 


323 

356 

389 

405 


364 

408 

443 

461 


270 

296 

321 

334 


250 

274 

297 

309 


326 

365 

394 

409 


216 

236 

255 

265 


197 

215 

232 

241 


500 

600 

700 

750 


800 

900 

1000 


338 308 

355 323 

581 372 338 


530 

563 

597 


439 

466 

494 


418 

444 

471 


481 

510 

538 


344 

365 

385 


318 

337 

355 


427 

450 

475 


273 

288 

304 


247 

261 

276 


800 

900 

1000 


Am¬ 

bient 

Temp. 

(°C) 


Correction Factors 


Am¬ 

bient 

Temp. 

(°F) 


6-10 

11-15 

16-20 

21-25 

26-30 


1.09 

1.09 

1.09 

1.09 

1.09 

1.09 

43-50 

1.04 

1.04 

1.04 

1.04 

1.04 

1.04 

52-59 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

61-68 

0.95 

0.95 

0.95 

0.95 

0.95 

0.95 

70-77 

0.90 

0.90 

0.90 

0.90 

0.90 

0.90 

79-86 


70-792 


NATIONAL ELECTRICAL CODE 2014 Edition 
































INFORMATIVE ANNEX B 


Table B.310.15(B)(2)(8) Ampacities of Two or Three Insulated Conductors, Rated 0 Through 2000 Volts, Cabled Within an 
Overall (Two- or Three-Conductor) Covering, Directly Buried in Earth, Based on Ambient Earth Temperature of 20°C (68°F), 
Electrical Duct Arrangement in Accordance with Figure B.310.15(B)(2)(2), 100 Percent Load Factor, Thermal Resistance (Rho) 
of 90 



1 Cable (Fig. 

2 Cables (Fig. 

1 Cable (Fig. 

2 Cables (Fig. 



B.310.15(B)(2)(2), Detail 

B.310.15(B)(2)(2), Detail 

B.310.15(B)(2)(2), Detail 

B.310.15(B)(2)(2), Detail 



5) 

6) 

5) 

6) 



60° C 

75° C 

60°C 

75°C 

60°C 

75°C 

60°C 

75°C 



(140°F) 

(167°F) 

(140°F) 

(167°F) 

(140°F) 

(167°F) 

(140°F) 

(167°F) 



TYPES 

TYPES 




RHW, 


RHW, 


RHW, 


RHW, 




THHW, 


THHW, 


THHW, 


THHW, 




THW, 


THW, 


THW, 


THW, 




THWN, 


THWN, 


THWN, 


THWN, 




XHHW, 


XHHW, 


XHHW, 


XHHW, 


Size (AWG 
or kcmil) 

UF 

USE 

UF 

USE 

UF at 

^USE 

UF 

USE 

Size (AWG 
or kcmil) 

COPPER 

ALUMINUM OR COPPER-CLAD ALUMINUM 

8 

64 

75 

60 

70 



47 

55 

8 

6 

85 

100 

81 

95 

^^8 

75 ^ 

► 60 

70 

6 

4 

107 

125 

100 

117 \ 

l 83 4 

97 

78 

91 

4 

2 

137 

161 

128 

150 

y 107 W 

126 

110 

117 

2 

1 

155 

182 

145 

170 

12^ 

142 

113 

132 

1 

1/0 

177 

208 

165 

is3 

i38^ . 

162 

129 

151 

1/0 

2/0 

201 

236 

188 


157 ▼ 

184 

146 

171 

2/0 

3/0 

229 

269 

213 

250 t A 

179 f 

210 

166 

195 

3/0 

4/0 

259 

304 

24j^g^ 

yj 

203 

238 

188 

220 

4/0 

250 

_ 

333 


1 308 % 

_ 

261 

_ 

241 

250 

350 

— 

401 


£-aio ^ 

442 

— 

315 

— 

290 

350 

500 

— 

481 


— 

381 

— 

350 

500 

750 

— 

585^ 


535 

— 

473 

— 

433 

750 

1000 

— 



600 

— 

545 

— 

497 

1000 

Ambient 


£ 

Correction Factors 




Ambient 

Temp. 



1 






Temp. (°F) 

(°C) 



J 







6-10 

1.12 

i!% 

f 1.12 

1.09 

1.12 

1.09 

1.12 

1.09 

43-50 

11-15 

1.06 

1.04^ 

1.06 

1.04 

1.06 

1.04 

1.06 

1.04 

52-59 

16-20 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

61-68 

21-25 

0.94 

0.95 

0.94 

0.95 

0.94 

0.95 

0.94 

0.95 

70-77 

26-30 

0.87 

0.90 

0.87 

0.90 

0.87 

0.90 

0.87 

0.90 

79-86 


Note: For ampacities of Type UF cable in underground electrical ducts, multiply the ampacities shown in the table by 0.74. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-793 











































INFORMATIVE ANNEX B 


Table B.310.15(B)(2)(9) Ampacities of Three Triplexed Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly 
Buried in Earth Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct Arrangement in Accordance with Figure 
B.310.15(B)(2)(2), 100 Percent Load Factor, Thermal Resistance (Rho) of 90 



See Fig. 

See Fig. 

See Fig. 

See Fig. 



B.310.15(B)(2)(2), 

B.310.15(B)(2)(2), 

B.310.15(B)(2)(2), 

B.310.15(B)(2)(2), 



Detail 7 

Detail 8 

Detail 7 

Detail 8 



60°C 

75°C 

60°C 

75°C 

60°C 

75°C 

60°C 

75°C 



(140°F) 

(167°F) 

(140°F) 

(167°F) 

(140°F) 

(167°F) 

(140°F) 

(167°F) 



TYPES 

TYPES 


Size (AWG 

UF 

USE 

UF 

USE 

UF 

USE 

UF 

USE 

Size (AWG 









or kcmil) 


COPPER 


ALUMINUM OR COPPER-CLAD ALUMINUM 

or kcmil) 

8 

72 

84 

66 

77 

55 

65 

51 

60 

8 

6 

91 

107 

84 

99 

72 

84 A 

* 66 

77 

6 

4 

119 

139 

109 

128 

92 

io8.^r 

85 

100 

4 

2 

153 

179 

140 

164 

119 

139 

109 

128 

2 

1 

173 

203 

159 

186 

135 

<|S^ ^ 

k 124 

145 

1 

1/0 

197 

231 

181 

212 

154 A 

^ 180 

^ 141 

165 

1/0 

2/0 

223 

262 

205 

240 


205 

159 • 

187 

2/0 

3/0 

254 

298 

232 

272 

199 

233 

181 

212 

3/0 

4/0 

289 

339 

263 

308 

22 6 ^ 

Ms 

206 

241 

4/0 

250 

_ 

370 

_ 

336 ^ 


.'k989 

_ 

263 

250 

350 

— 

445 

— 

403 W 


^ ,349 

— 

316 

350 

500 

— 

536 

— 

483 ^ 



— 

382 

500 

750 

— 

654 

— 

587 


^525 

— 

471 

750 

1000 

— 

744 


"665. 

Y 

608 

— 

544 

1000 

Ambient 



J 

Correctio 

n Factors 




Ambient 

Temp. 









Temp. (°F) 

(°C) 



x 







6-10 

1.12 

1.09 A 


^1.09 

1.12 

1.09 

1.12 

1.09 

43-50 

11-15 

1.06 

1.04JP 

1.06k 

~ 1-04 

1.06 

1.04 

1.06 

1.04 

52-59 

16-20 

1.00 


1.00 

"00 

1.00 

1.00 

1.00 

1.00 

61-68 

21-25 

0.94 

0.95k 

0.94 I 

0.95 

0.94 

0.95 

0.94 

0.95 

70-77 

26-30 

0.87 

0.90^ 

k »- 87 J 

0.90 

0.87 

0.90 

0.87 

0.90 

79-86 



70-794 


NATIONAL ELECTRICAL CODE 


2014 Edition 











































INFORMATIVE ANNEX B 


Table B.310.15(B)(2)(10) Ampacities of Three Single Insulated Conductors, Rated 0 Through 2000 Volts, Directly Buried in 
Earth Based on Ambient Earth Temperature of 20°C (68°F), Electrical Duct Arrangement in Accordance with Figure 
B.310.15(B)(2)(2), 100 Percent Load Factor, Thermal Resistance (Rho) of 90 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-795 












































INFORMATIVE ANNEX B 


^ C & 

id)' 


Detail 1 

290 mm x 290 mm 
(11.5 in.x 11.5 in.) 
Electrical duct bank 
One electrical duct 



Detail 2 

475 mm x 475 mm 
(19 in. x 19 in.) 
Electrical duct bank 
Three electrical ducts 
or 




Detail 3 

475 mm x 675 mm 
(19 in. x 27 in.) 
Electrical duct bank 
Six electrical ducts 
or 



Detail 4 

675 mm x 675 mm 
(27 in. x 27 in.) 
Electrical duct bank 
Nine electrical ducts 


190 mm 
(7.5 in.) 


190 mm 
(7.5 in.) 


675 mm x 290 mm 
(27 in. x 11.5 in.) 
Electrical duct bank 
Three electrical ducts 


E' 
£.! 
O LO 






600 mm 


• 

Detail 5 

Buried 3 

conductor 

cable 

190 mm 
(7.5 in.) 


(24 in.) 

Detail 6 

Buried 3 

conductor 

cables 


190 mm 
(7.5 in.) 


190 mm 
(7.5 in.) 


190 mm 
(7.5 in.) 


675 mm x 475 mm 
(27 in. x 19 in.) 
Electrical duct bank 


Detail 7 

Buried triplexed 
cables (1 circuit) 


Detail 9 

Buried single-conductor 
cables (1 circuit) 


Note 1: Minimum burial depths to top 
accordance with 300.5. Ma: 
banks shall be 750 mm (30 
direct buried cables shall be 

Note 2: For two and four electrical duct ii 

installed in a single row, see B.310 



190 mm 
(7.5 in 


Legend 

Backfill 

(earth or concrete) 
O Electrical duct 
• Cable or cables 


Figure B.310.15(B)(2)(2) Cable Installation Dimensions for Use with Table B.310.15(B)(2)(5) 
Through Table B.310.15(B)(2)(10). 


70-796 
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INFORMATIVE ANNEX B 



Surface 


10 20 30 40 50 60 70 80 90 100110 120130140150160170180 190 200 


1 \ 




\ 

\ 


\ 

\ 
















N 

0 


\ 

X 

\ 











> 






\ 



x 

\ 











\ 






\ 














\ 





\ 


\ 














CS 





s 















\ 





















\ 





















s 




\ 

















N 





















X. 


X 



















V 

. 






















■s. 









^1 














■— 








0 10 20 30 40 50 6 70 80 90 100110 120130140150160170180191 
RHO 


Figure B.310.15(B)(2)(1) Interpolation 
Duct Bank /, = ampacity for Rho = 60. 
for Rho = 120, 100 LF ( load factor 

x/j. 


les in a 
unpack; 




190 mm (7.5 in.) 

jL 

I 

190 mm (7.5 in.) 


® ® ® 

A. i x A. 

® Q'Q 

' ° ^ ' \ 0 


190 mm 190 mm 
(7.5 in.) (7.5 in.) 

- 675 mm (27 in.)-* 


600 mm (24 in.) 

L 

750 mm (30 in.) 


\ 


(Typical 
for all) 


Design Criteria 
Neutral and Equipment 

G round ing^^Kictor (EGC) 

Duct =150 mm 16 in.) 

Phase Ducts = 75 to 125 mm (3 to 5 in.) 
Conductor Material = 

Number of Cables per Duct = 3 


Number of Cables per Phase = 9 
Rho concrete = Rho Earth - 5 

Rho PVC Duct = 650 
Rho Cable Insulation = 500 
Rho Cable Jacket = 650 



6(1), Exception No. 2, for isolated phase installations in 



Neutral configuration per £ 

:ic ducts. 

A, B, C in rows or columns. Where magnetic electrical ducts are used, 
fctors are installed A, B, C per electrical duct with the neutral and all equipment 
nding conductors in the same electrical duct. In this case, the 6-in. 
size neutral duct is eliminated. 

3. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the 

_’ent for the ampacities shown in the table. 

Metallic(afiields of Type MV-90 cable shall be grounded at one point only where using 
6te-.C phasing in rows or columns. 


Size 

TYPES 

RHW, THHW, TH W, THWN, 

XHHW, USE, OR MV-90* 

Size 

kcmil 

Total per Phase Ampere Rating 

kcmil 


RHO EARTH 60 
LF 50 

RHO EARTH 90 
LF 100 

RHO EARTH 120 
LF 100 


250 

2340 

(260A/Cable) 

1530 

(170A/Cable) 

1395 

(155A/Cable) 

250 

350 

2790 

(310A/Cable) 

1800 

(200A/Cable) 

1665 

(185A/Cable) 

350 

500 

3375 

(375A/Cable) 

2160 

(240A/Cable) 

1980 

(220A/Cable) 

500 


Ambient 

Temp. 

(°C) 

For ambient temperatures other than 20°C (68°F), 
multiply the ampacities shown above by the 
appropriate factor shown below. 

Ambient 

Temp. 

(°F) 

6-10 

1.09 

1.09 

1.09 

1.09 

1.09 

43-50 

11-15 

1.04 

1.04 

1.04 

1.04 

1.04 

52-59 

16-20 

1.00 

1.00 

1.00 

1.00 

1.00 

61-68 

21-25 

0.95 

0.95 

0.95 

0.95 

0.95 

70-77 

26-30 

0.90 

0.90 

0.90 

0.90 

0.90 

79-86 


‘Limited to 75°C conductor temperature. 


Informational Note Figure B.310.15(B)(2)(3) Ampacities of 
Single Insulated Conductors Rated 0 through 5000 Volts in 
Underground Electrical Ducts (Three Conductors per Electri¬ 
cal Duct), Nine Single-Conductor Cables per Phase Based on 
Ambient Earth Temperature of 20°C (68°F), Conductor Tem¬ 
perature 75°C (167°F). 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-797 




















































































































INFORMATIVE ANNEX B 


Surface 


Surface 



N and - 
EGC 


A0 


B0 


250 mm (10 in.) 

t 

250 mm (10 in.) 

C0^— 


’(*) (§) Q ©■ 

°(t) A Q i (*) ® 

' D ^ 0 , A 

:©•©.©©. 


250 mm 250 mm 250 mm 
(10 in.) (10 in.) (10 in.) 


-1.1 m (44 in.)- 


600 mm (24 in.) 

.i 

950 mm (38 in.) 


Design Criteria 
Neutral and Equipment 

Grounding Conductor (EGC) 
Duct = 150 mm (6 in.) 

Phase Ducts = 75 mm (3 in.) 
Conductor Material = Copper 
Number of Cables per Duct = 1 


Number of Cables per Phase = 4 
Rho Concrete = Rho Earth - 5 
Rho PVC Duct = 650 

Rho Cable Insulation = 500 
Rho Cable Jacket = 650 


Notes: 

1. Neutral configuration per 300.5(1), Exception No. 2. 

2. Maximum harmonic loading on the neutral conductor cannot exceed 50 percent of the 
phase current for the ampacities shown in the table. 

3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 


Size 

kcmil 

TYPES 

RHW, THHW, THW, THWN, 

XHHW, USE, OR MV-90* 

Size 

Total per Phase Ampere Rating 

RHO EARTH 60 
LF 50 

RHO EARTH 90 
LF 100 

RHO EARTH 120 
LFIOQ^P 

750 

1000 

1250 

1500 

1750 

2820 

(705A/Cable) 

1860 

(465A/Cable) 

1 

§3 

5° 3 

O 

C\J 

■'fr 

1000 

3300 

(825A/Cable) 

2140 

(535A/Cable) 

1920 ^ 

^ (480A/Cable) 

3700 

(925A/Cable) 

2380 A 

(595A/Cat?te) 

y Si 20 

' (530A/Cable) 

4060 

(1015A/Cable) 

2580 

(645A/Cable) 

2300 ^ 

(575A/Cable) \ 

k 

1500 

f 1750 

4360 

(1090A/Cable) 

2740 ^ 

(685A/Cablej 

•\ 2460 / 

(615A/Cable^ 


N and ■ 
EGC 


A® | 

250 mm (10 in.) 

I 



B0 

T 

250 mm (10 in. 
C0^— 


’(*) ®, Q °(*)' 
’(*) A (i) (*) Q Q” 

D ^ 0 , ^ A p, 

:©■© © © ©• 


250 mm 250 mm 250 mm 250 mm 
(loin.) (loin.) (10 in.) (10 in.) 

<- 1.1 m (44 in.)-; 


600 mm (24 in.) 

J 

950 mm (38 in.) 


Design Criteria 
Neutral and Equipment . 

Grounding Conductor ( :) 

Duct = 150 mm (6 irg^ 
Phase Ducts = 75^^n (3 in.)^ 
Conductor Material = Copper 
Number of Cables per Duct = 1 



Number of Cables per Phase = 5 
Rho Concrete = Rho Earth - 5 
Rho PVC Duct = 650 

Rho Cable Insulation = 500 
Rho Cable Jacket = 650 


Notes: 

1. Neutral configuration per 300.5(1), Exception No. 2. 

2. M^™aum hanjj^Hrc loading on the neutral conductor cannot exceed 50 percent of the 
phase current f(W the ampacities shown in the table. 

3. Metallic shields of Type MV-90 cable shall be grounded at one point only. 



TYPES 

RHW, THHW, THW, THWN, 

XHHW, USE, OR MV-90* 


kcmil 

Total per Phase Ampere Rating 

kcmil 

l 

RHO EARTH 60 
LF 50 

RHO EARTH 90 
LF 100 

RHO EARTH 120 
LF 100 


^ 2000 

5575 

(1115A/Cable) 

3375 

(675A/Cable) 

3000 

(600A/Cable) 

2000 


Ambient 

Temp. 

(°C) 

For ambient temperatures other than 20°C (68°F), 
multiply the ampacities shown above by the 
appropriate factor shown below. 

Ambient 

Temp. 

(”F) 

6-10 

1.09 

1.09 

1.09 

1.09 

1.09 

43-50 

11-15 

1.04 

1.04 

1.04 

1.04 

1.04 

52-59 

16-20 

1.00 

1.00 

1.00 

1.00 

1.00 

61-68 

21-25 

0.95 

0.95 

0.95 

0.95 

0.95 

70-77 

26-30 

0.90 

0.90 

0.90 

0.90 

0.90 

79-86 


Ambient 

Temp. 

<°C) 

For ambient temperatures other than 20°C 
multiply the ampacities shown above b 
appropriate factor shown below. 

(68°F), 
y the 

Ambient 

Temp. 

(F) 

6-10 

1.09 

1.09 

1.09 

1.09 


1.09 

43-50 

11-15 

1.04 

1.04 

1.04 

1.04 


1.04 

52-59 

16-20 

1.00 

1.00 

1.00 

1.00 


1.00 

61-68 

21-25 

0.95 

0.95 

0.95 

0.95 


0.95 

70-77 

26-30 

0.90 

0.90 

0.90 

0.90 


0.90 

79-86 


‘Limited to 75°C conductor temperature. 


‘Limited to 75°C conductor temperature. 

Informational Note Figure B.310.15(B)(2)(5) Ampacities of 
Single Insulated Conductors Rated 0 through 5000 Volts in 
Nonmagnetic Underground Electrical Ducts (One Conductor 
per Electrical Duct), Five Single-Conductor Cables per Phase 
Based on Ambient Earth Temperature of 20°C (68°F), Con¬ 
ductor Temperature 75°C (167°F). 


Informational Note Figure B.310.15(B)(2)(4) Ampacities of 
Single Insulated Conductors Rated 0 through 5000 Volts in 
Nonmagnetic Underground Electrical Ducts (One Conductor 
per Electrical Duct), Four Single-Conductor Cables per Phase 
Based on Ambient Earth Temperature of 20°C (68°F), Con¬ 
ductor Temperature 75°C (167°F). 
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INFORMATIVE ANNEX C 


Informative Annex C Conduit and Tubing Fill Tables for Conductors and Fixture Wires of 

the Same Size 


This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. 


Table 


Page 


C. 1 — Electrical Metallic Tubing (EMT) 

C.l(A)* — Electrical Metallic Tubing (EMT) 

C.2 — Electrical Nonmetallic Tubing (ENT) 

C.2(A)* — Electrical Nonmetallic Tubing (ENT) 

C.3 — Flexible Metal Conduit (FMC) 

C.3(A)* — Flexible Metal Conduit (FMC) 

C.4 — Intermediate Metal Conduit (IMC) 

C.4(A)* — Intermediate Metal Conduit (IMC) 

C.5 — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-B) 
C.5(A)*— Liquidtight Flexible Nonmetallic Conduit (Type LFNC-B) 
C.6 — Liquidtight Flexible Nonmetallic Conduit (Type LFNC-A) 
C.6(A)* — Liquidtight Flexible Nonmetallic Conduit (Type LFNC 
C.7 — Liquidtight Flexible Metal Conduit (LFMC) 

C.7(A)*— Liquidtight Flexible Metal Conduit (LFMC) 

C.8 — Rigid Metal Conduit (RMC) 

C.8(A)* — Rigid Metal Conduit (RMC) 

C.9 — Rigid PVC Conduit, Schedule 80 
C.9(A)* — Rigid PVC Conduit, Schedule 80 
C.10 — Rigid PVC Conduit, Schedule 40 and HDPE Com 
C. 10(A)*— Rigid PVC Conduit, Schedule 40 and HDPE 
C.ll — Type A, Rigid PVC Conduit 
C. 11(A)* — Type A, Rigid PVC Conduit 
C.12 — Type EB, PVC Conduit 
C. 12(A)* — Type EB, PVC Conduit 


*Where this table is used in conjunctio 




rough C.12, the conductors installed must be of the compact type. 


Table C.l Maximum Number of Conductors or Fixture Wires in Electrical Metallic 
Tubing (EMT) (Based on Chapter 9: Tabljgf Table 4, & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG 

Trade Size (Metric Designator) 


3 /s 

y 2 

3 /4 

1 

VA 

l'/i 

2 

21/2 

3 

3V2 

4 

5 

6 

Type 

kemil) 

12 

16 

21 

27 

35 

41 

53 

63 

78 

91 

103 

129 

155 

CONDUCTORS 

RHH, RHW, 

14 


4 

7 

11 

20 

27 

46 

80 

120 

157 

201 



RHW-2 

12' 


3 

6 

9 

17 

23 

38 

66 

100 

131 

167 




10 


2 

5 

8 

13 

18 

30 

53 

81 

105 

135 




8 


1 

2 

4 

7 

9 

16 

28 

42 

55 

70 




6 


1 

1 

3 

5 

8 

13 

22 

34 

44 

56 




4 


1 

1 

2 

4 

6 

10 

17 

26 

34 

44 




3 


1 

1 

1 

4 

5 

9 

15 

23 

30 

38 




2 


1 

1 

1 

3 

4 

7 

13 

20 

26 

33 




1 


0 

1 

1 

1 

3 

5 

9 

13 

17 

22 




1/0 


0 

1 

1 

1 

2 

4 

7 

11 

15 

19 




2/0 


0 

1 

1 

1 

2 

4 

6 

10 

13 

17 




3/0 


0 

0 

1 

1 

1 

3 

5 

8 

11 

14 




4/0 


0 

0 

1 

1 

1 

3 

5 

7 

9 

12 




250 


0 

0 

0 

1 

1 

1 

3 

5 

7 

9 




300 


0 

0 

0 

1 

1 

1 

3 

5 

6 

8 




2014 Edition 


NATIONAL ELECTRICAL CODE 


70-799 





















INFORMATIVE ANNEX C 


Table C.l Continued 
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NATIONAL ELECTRICAL CODE 


2014 Edition 























INFORMATIVE ANNEX C 


Table C.l Continued 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-801 
























INFORMATIVE ANNEX C 


Table C.l Continued 


KF-2, KFF-2 


KF-1, KFF-1 


XF, XFF 


18 

16 

14 

12 

10 


12 

10 



Conductor 

Trade Size (Metric Designator) 


(AWG 

% 

Vi 

3 /4 

1 U/4 

V/i 

2 

2Vi 

3 

3V2 

4 5 

6 

Type 

kcmil) 

12 

16 

21 

27 35 

41 

53 

63 

78 

91 

103 129 

155 


1750 


0 

0 

0 0 

0 

0 

1 

1 

1 

2 



2000 


0 

0 

0 0 

0 

0 

1 

1 

1 

1 



FIXTURE WIRES 


RFH-2, 

18 

8 

14 

24 

41 

56 

92 

161 

244 

318 

407 

FFH-2, 

RFHH-2 

16 

7 

12 

20 

34 

47 

78 

136 

205 

268 

343 

SF-2, SFF-2 

18 

10 

18 

30 

52 

71 

116 

203 

307 

401 

513 


16 

8 

15 

25 

43 

58 

96 

168 

254 

332 

424 


14 

7 

12 

20 

34 

47 

78 

136 

205 

268 

343 

SF-1, SFF-1 

18 

18 

33 

53 

92 

125 

206 

360 

544 

710 

908 

RFH-1, TF, 

18 

14 

24 

39 

68 

92 

152 

266 

402 

524 

670 

TFF, XF, 

XFF 

16 

11 

19 

31 

55 

74 

123 

215 

324 

423 

541 

XF, XFF 

14 

8 

15 

25 

43 

58 

96 

168 

254 

332 

424 

TFN, TFFN 

18 

22 

38 

63 

109 

148 

244 

426 

643 

839 

1073 


16 

17 

29 

48 

83 

113 

186 

325 

491 

641 

819 K 

PF, PFF, PGF, 

18 

21 

36 

59 

103 

140 

231 

404 

610 

796 

,0.7 

787 

PGFF, PAF, 
PTF, PTFF, 

16 

16 

28 

46 

79 

108 

179 

312 

471 

J* 


PAFF 

14 

12 

21 

34 

60 

81 

134 

234 

35^ 

462 

590 

ZF, ZFF, ZHF 

18 

27 

47 

77 

133 

181 

298 

520 


4026 



16 

20 

35 

56 

98 

133 

220 

384 


75X 

967 


14 

14 

25 

41 

72 

98 

161 

282 

426 

556 

r711 


40 

28 

19 

13 


71 

49 

33 

23 

15 


115 

80 

54 

37 

25 


199 271 

139 189 


781 1179 
823 


254 


254 


18 

46 

82 

133 

230 313 

.516 

16 

33 

57 

93 . 

161 22(1 

1363 

14 

22 

38 


rl09 148 

*244 

12 

14 

25 


k72 

161 

10 

9 

16 

27 

47 F64 

105 


1776 2269 
1248 1595 
839 1073 
556 711 
363 464 


Notes: 

1. This table is for concentric strandetM 

2. Two-hour fire-rated RHH cable has cel 
Consult manufacturer’s conduit fill tables 
*Types RHH, RHW, and RHW-2 without 



90 136 

70 106 


177 

138 


227 

177 


iductors only. For compact stranded conductors, Table C.l (A) should be used, 
iable insulation which has much larger diameters than other RHH wires. 
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NATIONAL ELECTRICAL CODE 


2014 Edition 
























INFORMATIVE ANNEX C 


Table C.l(A) Maximum Number of Conductors or Fixture Wires in Electrical Metallic Tubing (EMT) 

(Based on Chapter 9: Table 1, Table 4 & Table 5a) [ROP8-204a] 


Type 

Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

% '/2 3/4 1 U/4 l'/2 2 2'/2 3 3/2 4 5 6 

12 16 21 27 35 41 53 63 78 91 103 129 155 

COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-803 

























INFORMATIVE ANNEX C 


Table C.2 Maximum Number of Conductors or Fixture Wires in Electrical Nonmetallic 
Tubing (ENT) (Based on Chapter 9: Table 1, Table 4 & Table 5) [ROP8-204a] 


Conductor 

Size 


Trade Size (Metric Designator) 


(AWG/ 


3 /s 


Type 


kcmil) 


12 


*4 

16 


RHH, 

RHW, 

RHW-2 


3/4 1 l'/4 11/2 2 21/2 3 31/2 4 5 6 

21 27 35 41 53 63 78 91 103 129 155 

CONDUCTORS 


TW, 

THHW, 

THW, 

THW-2 

RHH*, 

RHW*, 

RHW-2* 


TW, THW, 

THHW, 

THW-2, 


RHH*, 

RHW*, 

RHW-2* 


1/0 

2/0 

3/0 

4/0 

250 

300 

350 

400 

500 

600 

700 

750 

800 

900 

1000 

1250 

1500 

1750 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


112 3 6 
1113 5 
1112 4 
0 1113 
0 1113 
0 1112 
0 0 111 
0 0 111 
0 0 111 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 1 1 
0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 1 
0 0 0 0 0 
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INFORMATIVE ANNEX C 


Table C.2 Continued 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-805 

























INFORMATIVE ANNEX C 


Table C.2 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.2(A) should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. 
Consult manufacturer’s conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 


70-806 


NATIONAL ELECTRICAL CODE 


2014 Edition 


























INFORMATIVE ANNEX C 


Table C.2(A) Maximum Number of Conductors or Fixture Wires in Electrical Nonmetallic Tubing (ENT) 

(Based on Chapter 9: Table 1, Table 4, & Table 5a) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


3 /s 

12 


Yl 

16 


3 /4 

21 


1 

27 


I'/4 11/2 

35 41 


2 

53 


21/2 

63 


3 

78 


31/2 4 5 6 

91 103 129 155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-807 
























INFORMATIVE ANNEX C 


Table C.3 Maximum Number of Conductors or Fixture Wires in Flexible Metal Conduit (FMC) (Based on Chapter 9: Table 1, 
Table 4, & Table 5) [ROP8-204a] 


Type 

Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

% '/i % 1 1V4 IV 2 2 2'h 3 3Vi 4 5 6 

12 16 21 27 35 41 53 63 78 91 103 129 155 

CONDUCTORS 
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NATIONAL ELECTRICAL CODE 2014 Edition 



























INFORMATIVE ANNEX C 


Table C.3 Continued 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-809 























INFORMATIVE ANNEX C 


Table C.3 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.3(A) should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.3(A) Maximum Number of Conductors or Fixture Wires in Flexible Metal Conduit (FMC) 

(Based on Chapter 9: Table 1, Table 4, & Table 5a) [ROP8-204a] 


Type 

Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

3 /s Vi 3/ 4 1 VA 11/2 2 21/2 3 31/2 4 5 6 

12 16 21 27 35 41 53 63 78 91 103 129 155 

COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-811 
























INFORMATIVE ANNEX C 


Table C.4 Maximum Number of Conductors or Fixture Wires in Intermediate Metal Conduit (IMC) (Based on Chapter 9: Table 
1, Table 4 & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG/ 




Trade Size (Metric Designator) 



% 

V2 

% 

1 l*/4 1V2 

2 2 V 2 3 

3V4 456 

Type 

kcmil) 

12 

16 

21 

27 35 41 

53 63 78 

91 103 129 155 


CONDUCTORS 
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Table C.4 Continued 
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NATIONAL ELECTRICAL CODE 


70-813 























INFORMATIVE ANNEX C 


Table C.4 Continued 


Type 


Conductor 

Size 

(AWG/ 

kemil) 


Trade Size (Metric Designator) 


% 

12 


Vi 

16 


3 /4 

21 


1 l*/4 lVi 2 

27 35 41 53 


2Vi 3 
63 78 


3Vi 4 5 6 

91 103 129 155 


12 


18 


27 37 


47 


XHHW, 

XHHW-2, 

XHH 


1 


1000 

1250 

1500 

1750 

2000 


13 


20 27 


35 


1/0 

1 

1 

1 

3 

5 

8 

11 

17 

23 

30 

2/0 

1 

1 

1 

3 

4 

6 

9 

14 

19 

25 

3/0 

0 

1 

1 

2 

3 

5 

7 

12 

16 

20 

4/0 

0 

1 

1 

1 

2 

4 

6 

10 

13 

17 

250 

0 

0 

1 

1 

1 

3 

5 

8 

11 

14 

300 

0 

0 

1 

1 

1 

3 

4 

7 

9 

12 

350 

0 

0 

1 

1 

1 

3 

4 

6 

8 

10 

400 

0 

0 

1 

1 

1 

2 

3 

5 

7 

9 

500 

0 

0 

0 

1 

1 

1 

3 

4 

6 

8 

600 

0 

0 

0 

1 

1 

1 

2 

3 

5 

6 

700 

0 

0 

0 

1 

1 

1 

1 

3 

4 

5 

750 

0 

0 

0 

1 

1 

1 

1 

3 

4 

5 

800 

0 

0 

0 

0 

1 

1 

1 

3 

4 


900 

0 

0 

0 

0 

1 

1 

1 

2 

3 

/ 4 


0 0 
0 0 
0 0 
0 0 
0 0 


0 1 
0 0 
0 0 
0 0 
0 0 




FIXTURE WIRES 


RFH-2, 

FFH-2, 

RFHH-2 


18 

9 

16 

26 

45 

61 

100 

141 

16 

8 

13 

22 

38 

51 

84 

m 

18 

12 

20 

33 

57 

77 

126 

1178 

16 

10 

17 

27 

47 

64 

104 

147 

14 

8 

13 

22 

38 


]1 


' 184 


SF-2, 

SFF-2 


92 

246 317 


SF-1, 

SFF-1 


18 


_ 


316 k 487 651 839 


RFH-1, TF, 
TFF, XF, 
XFF 


18 

16 



15 26 43 101 

12 21 35 81 133 

To YU 27 


481 619 

388 500 


XF, XFF 


14 


147 228 304 392 


TFN, 

TFFN 


18 

16 


373 576 

285 440 


769 991 

588 757 


PF, PFF, 
PGF, 

18 

23^ 


66 

1131 

1153 

250 

354 

546 

730 

940 

PGFF, 

PAF, PTF, 

16 

18 

3^ 

^51 


118 

193 

274 

422 

564 

727 

PTFF, 

PAFF 

14 

13 

23 


r66 

89 

145 

205 

317 

423 

545 

ZF, ZFF, 

18 

30 

52 

85 

146 

197 

322 

456 

704 

941 

1211 

ZHF 

16 

22 

38 

63 

108 

146 

238 

336 

519 

694 

894 


14 

16 

28 

46 

79 

107 

175 

247 

381 

510 

657 

KF-2, 

18 

45 

78 

128 

219 

296 

484 

684 

1056 

1411 

1817 

KFF-2 

16 

32 

54 

89 

153 

207 

337 

477 

737 

984 

1268 


14 

21 

36 

60 

103 

139 

227 

321 

495 

661 

852 


12 

15 

25 

41 

71 

96 

158 

223 

344 

460 

592 


10 

10 

17 

27 

47 

64 

104 

147 

228 

304 

392 

KF-1, 

18 

52 

90 

147 

253 

342 

558 

790 

1218 

1628 

2097 

KFF-1 

16 

37 

63 

103 

178 

240 

392 

555 

856 

1144 

1473 


14 

25 

42 

69 

119 

162 

264 

373 

576 

769 

991 


12 

16 

28 

46 

79 

107 

175 

247 

381 

510 

657 


10 

10 

18 

30 

52 

70 

114 

161 

249 

333 

429 

XF, XFF 

12 

5 

9 

14 

25 

34 

56 

79 

122 

163 

209 


10 

4 

7 

11 

19 

26 

43 

61 

95 

127 

163 


Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.4(A) should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.4(A) Maximum Number of Conductors or Fixture Wires in Intermediate Metal Conduit (IMC) 

(Based on Chapter 9: Table 1, Table 4 & Table 5a) [ROP8-204a] 



Conductor 

Size 

(AWG/ 




Trade Size (Metric Designator) 



3 /s 

Vi 

3 /4 

1 l*/4 l'/l 

2 2Vi 3 

3V2 4 5 6 

Type 

kcmil) 

12 

16 

21 

27 35 41 

53 63 78 

91 103 129 155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that interstices (voids between strand wires) are virtually eliminated. 


2014 Edition 


NATIONAL ELECTRICAL CODE 
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INFORMATIVE ANNEX C 


Table C.5 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-B*) (Based on Chapter 9: Table 1, Table 4, & Table 5) 

[ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


% 

12 


Vl 

16 


% 

21 


1 

27 


m 

35 


l'/2 

41 


2 

53 


2Vi 

63 


3 

78 


3V2 

91 


4 

103 


5 

129 


6 

155 


CONDUCTORS 



70-816 
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Table C.5 Continued 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-817 























INFORMATIVE ANNEX C 


Table C.5 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.5(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. 
Consult manufacturer’s conduit fill tables. 

‘Types RHH, RHW, and RHW-2 without outer covering. 


70-818 
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INFORMATIVE ANNEX C 


Table C.5(A) Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Nonmetallic 
Conduit (Type LFNC-B*) (Based on Chapter 9: Table 1, Table 4, & Table 5(A )) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


6 

% Vi 3 A 1 l'/4 m 2 2'A 3 3'A 4 5 155 

12 16 21 27 35 41 53 63 78 91 103 129 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 


2014 Edition 


NATIONAL ELECTRICAL CODE 
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INFORMATIVE ANNEX C 


Table C.6 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-A*) (Based on Chapter 9: Table 1, Table 4, and Table 5) 

[ROP8-204a] 


Type 

Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

% 1/2 3 /4 1 1V4 l >/2 2 2', 3 3'/2 4 5 6 

12 16 21 27 35 41 53 63 78 91 103 129 155 

CONDUCTORS 


RHH, 

RHW, 

RHW-2 


14 

12 

10 


1/0 

2/0 

3/0 

4/0 


250 

300 

350 

400 

500 


600 

700 

750 

800 

900 


1000 

1250 

1500 

1750 

2000 


7 11 

6 9 

5 8 

2 4 

1 3 


20 

17 

13 

7 

5 


27 

23 

18 

9 


45 

38 

30 

16 

13 


1 2 4 
1 1 4 
1 1 3 
1 1 1 


6 10 

5 8 

4 7 

3 5 


TW, 

THHW, 

THW, 

THW-2 


14 

12 

10 


RHH*, 

RHW*, 

RHW-2 


14 

12 

10 


TW, THW, 
THHW, 


THW-2, 

RHH*. 

RHW*, 

RHW-2* 


3 1 

2 0 


1 0 


1/0 

2/0 

3/0 

4/0 

250 

300 

350 

400 

500 

600 

700 

750 

800 

900 

1000 

1250 

1500 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


112 3 
1113 
1112 
0 111 
0 111 
0 111 
0 0 11 
0 0 11 
0 0 11 
0 0 11 
0 0 0 1 
0 0 0 1 
0 0 0 1 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 


6 

5 

4 

3 

3 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
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INFORMATIVE ANNEX C 


Table C.6 Continued 
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INFORMATIVE ANNEX C 


Table C.6 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.6(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. 
Consult manufacturer’s conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.6(A) Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible 
Nonmetallic Conduit (Type LFNC-A) (Based on Chapter 9: Table 1, Table 4 , & Table 5(A)) 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


3 A 

12 


Vi 

16 


3 /4 

21 


1 

27 


I'/4 11/2 

35 41 


2 

53 


21/2 

63 


3 

78 


31/2 

91 


4 5 6 

103 129 155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX C 


Table C.7 Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Metal 
Conduit (LFMC) (Based on Chapter 9: Table 1, Table 4, and Table 5) [ROP8-204a] 



Conductor 

Trade Size (Metric Designator) 


Size 










6 


(AWG/ 

% 

V 2 

3 /4 

1 

VA 

IV 2 

2 

2Vi 

3 

3 Vi 4 5 155 

Type 

kcmil) 

12 

16 

21 

27 

35 

41 

53 

63 

78 

91 103 129 


CONDUCTORS 
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Table C.7 Continued 
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INFORMATIVE ANNEX C 


Table C.7 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.7(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

‘Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.7(A) Maximum Number of Conductors or Fixture Wires in Liquidtight Flexible Metal 
Conduit (LFMC) (Based on Chapter 9: Table 1, Table 4, & Table 5(A)) [ROP8-204a] 


Type 

Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

3 /s '/2 % 1 IV* 1V2 2 21/2 3 31/2 4 5 6 

12 16 21 72 35 41 53 63 78 91 103 129 155 

COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX C 


Table C.8 Maximum Number of Conductors or Fixture Wires in Rigid Metal Conduit (RMC) 

f Based on Chapter 9: Table 1, Table 4, & Table J) [ROP8-204a] 



Conductor 




Trade Size (Metric Designator) 


Size 

(AWG/ 

% 

Vi 

% 

6 

1 l*/4 1 7, 2 2V 2 3 3Vi 4 5 155 

Type 

kcmil) 

12 

16 

21 

27 35 41 53 63 78 91 103 129 


CONDUCTORS 
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Table C.8 Continued 
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Table C.8 Continued 
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INFORMATIVE ANNEX C 


Table C.8 Continued 



Conductor 

Trade Size (Metric Designator) 


Size 













6 


(AWG/ 

3 /s 

Yl 

% 

1 

l'/4 

l'/ 2 

2 

2 X 

3 

3Yi 

4 

5 

155 

Type 

kcmil) 

12 

16 

21 

27 

35 

41 

53 

63 

78 

91 

103 

129 


KF-1, 

18 


48 

84 

136 

234 

318 

524 

748 

1153 

1540 

1982 

3109 

4486 

KFF-1 

16 


34 

59 

96 

165 

224 

368 

526 

810 

1082 

1392 

2185 

3152 


14 


23 

40 

64 

111 

150 

248 

354 

545 

728 

937 

1470 

2120 


12 


15 

26 

42 

73 

100 

164 

234 

361 

482 

621 

974 

1405 


10 


10 

17 

28 

48 

65 

107 

153 

236 

315 

405 

636 

918 

XF, XFF 

12 


5 

8 

13 

23 

32 

52 

75 

115 

154 

198 

311 

448 


10 


3 

6 

10 

18 

25 

41 

58 

90 

120 

154 

242 

350 


Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.8(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
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INFORMATIVE ANNEX C 


Table C.8(A) Continued 
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INFORMATIVE ANNEX C 


Table C.9 Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, 
Schedule 80 (Based on Chapter 9: Table 1, Table 4 & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG/ 




Trade Size (Metric Designator) 


% 

Vt 

3 A 

1 m l'/2 2 2V4 3 3Vi 4 5 6 

Type 

kcmil) 

12 

16 

21 

27 35 41 53 63 78 91 103 129 155 


CONDUCTORS 
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Table C.9 Continued 
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INFORMATIVE ANNEX C 


Table C.9 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.9(A) 
should be used. 

2. Two-hour fire-rated RHFI cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.9(A) Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, Schedule 80 

(Based on Chapter 9: Table 1, Table 4 & Table 5(A )) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


% 

12 


Vi 

16 


1 % 

2 


1 

27 


IV* 

35 


m 

41 


2 

53 


2Vi 

63 


3 

78 


3V4 

91 


4 5 

103 129 


6 

155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX C 


Table C.10 Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, 
Schedule 40 and HDPE Conduit (Based on Chapter 9: Table 1. Table 4 & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG/ 

kcmil) 

Trade Size (Metric Designator) 

Type 

% 

12 

Vi 

16 

3 /4 1 

21 27 

I 1 /. lVi 2 2Vi 3 V/i 4 5 6 

35 41 53 63 78 91 103 129 155 


CONDUCTORS 
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Table C.10 Continued 
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INFORMATIVE ANNEX C 


Table C.10 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C. 10(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.10(A) Maximum Number of Conductors or Fixture Wires in Rigid PVC Conduit, Schedule 40 
and HDPE Conduit (Based on Chapter 9: Table 1, Table 4, & Table 5a) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmii) 


Trade Size (Metric Designator) 


% 

12 


Vi 

16 


% 

21 


1 

27 


iy« 

35 


l'/2 

41 


2 

53 


2Vi 

63 


3 

78 


3V4 

91 


4 5 6 

103 129 155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX C 


Table C.ll Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC Conduit 

(Based on Chapter 9: Table 1, Table 4, & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG/ 




Trade Size (Metric Designator) 



3 /s 

Vi 

3 /4 

1 11/4 11/2 

2 21/2 3 

31/2 4 5 6 

Type 

kcmil) 

12 

16 

21 

27 35 41 

53 63 78 

91 103 129 155 


CONDUCTORS 
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Table C.ll Continued 



70-842 


NATIONAL ELECTRICAL CODE 2014 Edition 























INFORMATIVE ANNEX C 


Table C.ll Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C.ll (A) 
should be used. 

2. Two-hour fire-rated RHFI cable has ceramifiable insulation which has much larger diameters than other RHH wires. Consult manufacturer’s 
conduit fill tables. 

*Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.ll(A) Maximum Number of Conductors or Fixture Wires in Type A, Rigid PVC Conduit 

(Based on Chapter 9: Table 1, Table 4, & Table 5a) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmii) 


Trade Size (Metric Designator) 


% 

12 


V2 

16 


% 

21 


1 

27 


IV* 

35 


V/l 

41 


2 

53 


2Vi 

63 


3 

78 


3'/2 

91 


4 

103 


5 

129 


6 

155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX C 


Table C.12 Maximum Number of Conductors or Fixture Wires in Type EB, PVC Conduit 

(Based on Chapter 9: Table 1, Table 4, & Table 5) [ROP8-204a] 



Conductor 

Size 

(AWG/ 




Trade Size (Metric Designator) 



3 /s 

Yl 

% 

1 1V4 l'/2 2 2Vi 3 

3'/ 2 4 5 6 

Type 

kcmil) 

12 

16 

21 

27 35 41 53 63 78 

91 103 129 155 


CONDUCTORS 



2014 Edition 


NATIONAL ELECTRICAL CODE 


70-845 

























INFORMATIVE ANNEX C 


Table C.12 Continued 


Type 


Conductor 

Size 

(AWG/ 

kcmil) 


Trade Size (Metric Designator) 


% 

12 


Vi 

16 


% 

21 


1 

27 


l*/4 

35 


l'/2 

41 


2 

53 


2'/2 

63 


3 

78 


3'/2 

91 


4 

103 


5 

129 


6 

155 


2000 


14 

159 

359 

468 

595 

915 1300 

12 

116 

262 

342 

434 

667 

948 

10 

73 

165 

215 

274 

420 

597 

8 

42 

95 

124 

158 

242 

344 

6 

30 

68 

89 

114 

175 

248 

4 

19 

42 

55 

70 

107 

153 

3 

16 

36 

46 

59 

91 

129 

2 

13 

30 

39 

50 

76 

109 

1 

10 

22 

29 

37 

57 

80 

1/0 

8 

18 

24 

31 

48 

68 

2/0 

7 

15 

20 

26 

40 

56 

3/0 

5 

13 

17 

21 

33 

47 

4/0 

4 

10 

14 

18 

2 1A. 

39 


THHN, 

THWN, 

THWN-2 


FEP, 

FEPB, 

PFA, 

PFAH, 

TFE 



887 1261 
648 920 
465 660 
266 378 


\74 

97 

123 

189 

269 


68 

86 

132 

188 

W3 

56 

72 

110 

157 

36 

46 

59 

91 

129 

25 

32 

41 

63 

90 

20 

27 

34 

53 

75 

17 

22 

28 

43 

62 

14 

18 

23 

36 

51 

11 

15 

19 

29 

42 


PFA, 

PFAH, 

TFE 

PFA, 

PFAH, 

TFE, Z 


1/0 

2/0 

3/0 

4/0 



Z 

14 

186 

419 

547 

696 

1069 

1519 


12 

132 

297 

388 

494 

759 

1078 


10 

81 

182 

238 

302 

465 

660 


8 

51 

115 

150 

191 

294 

417 


6 

36 

81 

105 

134 

206 

293 


4 

24 

55 

72 

92 

142 

201 


3 

18 

40 

53 

67 

104 

147 


2 

15 

34 

44 

56 

86 

122 


1 

12 

27 

36 

45 

70 

99 

XHHW, 

14 

111 

250 

327 

415 

638 

907 

ZW, 

12 

85 

192 

251 

319 

490 

696 

XHHW-2, 

10 

63 

143 

187 

238 

365 

519 

XHH 

8 

35 

79 

104 

132 

203 

288 


6 

26 

59 

77 

98 

150 

213 


4 

19 

42 

56 

71 

109 

155 


3 

16 

36 

47 

60 

92 

131 


2 

13 

30 

39 

50 

77 

110 

XHHW, 

1 

10 

22 

29 

37 

58 

82 

XHHW-2, 

1/0 

8 

19 

25 

31 

48 

69 

XHH 

2/0 

7 

16 

20 

26 

40 

57 


3/0 

6 

13 

17 

22 

33 

47 


4/0 

5 

11 

14 

18 

27 

39 
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INFORMATIVE ANNEX C 


Table C.12 Continued 



Notes: 

1. This table is for concentric stranded conductors only. For compact stranded conductors, Table C. 12(A) 
should be used. 

2. Two-hour fire-rated RHH cable has ceramifiable insulation which has much larger diameters than other RHH wires. 
Consult manufacturer’s conduit fill tables. 

‘Types RHH, RHW, and RHW-2 without outer covering. 
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INFORMATIVE ANNEX C 


Table C.12(A) Maximum Number of Conductors or Fixture Wires in Type EB, PVC Conduit 

(Based on Chapter 9: Table 1, Table 4, & Table 5a) [ROP8-204a] 


Type 


Conductor 

Size 

(AWG/ 

kcmii) 


Trade Size (Metric Designator ) 


3 /s 

12 


V4 

16 


3 /4 

21 


1 

27 


VA 1V 2 

35 41 


2 

53 


2V2 

63 


3 

78 


3V4 4 5 6 

91 103 129 155 


COMPACT CONDUCTORS 



Definition: Compact stranding is the result of a manufacturing process where the standard conductor is 
compressed to the extent that the interstices (voids between strand wires) are virtually eliminated. 
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INFORMATIVE ANNEX D 


This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. 

Selection of Conductors. In the following examples, 
the results are generally expressed in amperes (A). To se¬ 
lect conductor sizes, refer to the 0 through 2000 volt (V) 
ampacity tables of Article 310 and the rules of 310.15 that 
pertain to these tables. 

Voltage. For uniform application of Articles 210, 215, 
and 220, a nominal voltage of 120, 120/240, 240, and 
208Y/120 V is used in calculating the ampere load on the 
conductor. 

Fractions of an Ampere. Except where the calcula¬ 
tions result in a major fraction of an ampere (0.5 or larger), 
such fractions are permitted to be dropped. 

Power Factor. Calculations in the following examples 
are based, for convenience, on the assumption that all loads 
have the same power factor (PF). 

Ranges. For the calculation of the range loads in these 
examples, Column C of Table 220.55 has been used. For 
optional methods, see Columns A and B of Table 220.55. 
Except where the calculations result in a major fracti 
kilowatt (0.5 or larger), such fractions are permittei 
dropped. 

SI Units. For metric conversions, 0.0 c ) 3jiira<^= 1 ft 
0.3048 m = 1 ft. 

Example Dl(a) One-Family Dwell 

The dwelling has a floor arra nt' 1 5 00 
unfinished cellar not adapt; 
attic, and open porches. Appliances ari 
a 5.5-kW, 240-V dryer. Assume range am 
equivalent to kVA ratings in accordanc 
220.55. 


Informative Annex D Examples 

Minimum Size Feeder Required [see 220.40] 



elusive of an 
re use, unfinished 
*M2-kTf range and 
ryer kW ratings 
ith 220.54 and 


Calculated Load [see 220.40] 

General Lighting Load 1500 ft 2 at 3 VA/ft 2 = 4500 VA 

Minimum Number of Branch Circuits Required [see 
210.11(A)] 

General Lighting Load: 4500 VA h- 120 V = 38 A 

This requires three 15-A, 2-wire or two 20-A, 2-wire 
circuits. 

Small-Appliance Load: Two 2-wire, 20-A circuits [see 
210.11(C)(1)] 

Laundry Load: One 2-wire, 20-A circuit [see 
210.11(C)(2)] 

Bathroom Branch Circuit: One 2-wire, 20-A circuit (no 
additional load calculation is required for this circuit) [see 
210.11(C)(3)] 


General Lighting 
Small Appliance 
Laundry 


3000 VA at 100% 
9000 VA - 3000 VA = 


4.500 VA 
3.000 VA 

1.500 VA 


Total 


6000 VA at 35% 


9.000 VA 
3.000 VA 
2,100 VA 


Net Load 


Range (see Table 220.55) 

Dryer Load (see Table 220.54 ) 

Net Calculated Load 


5,100 VA 
8,000 VA 
5,500 VA 


18,600 VA 



Net Calculated Load for 120/240-V, 3-wire, single¬ 
phase service or feeder 

18,600 VA Ik 240 V = 78 A 
ctions 2dW^(B) and 230.79 require service conduc- 
and disconnecting means rated not less than 100 am- 
eres. 

lation for Neutral for Feeder and Service 

and Small-Appliance Load 5,100 VA 

300 VA at 70% (see 220.61) 5,600 VA 

VA at 70% (see 220.61) 3,850 VA 


Total 14,550 VA 


Calculated Load for Neutral 

14,550 VA H- 240 V = 61 A 

Example Dl(b) One-Family Dwelling 

Assume same conditions as Example No. Dl(a), plus addi¬ 
tion of one 6-A, 230-V, room air-conditioning unit and one 
12-A, 115-V, room air-conditioning unit,* one 8-A, 115-V, 
rated waste disposer, and one 10-A, 120-V, rated dish¬ 
washer. See Article 430 for general motors and Article 440, 
Part VII, for air-conditioning equipment. Motors have 
nameplate ratings of 115 V and 230 V for use on 120-V and 
240-V nominal voltage systems. 

*(For feeder neutral, use larger of the two appliances 
for unbalance.) 

From Example Dl(a), feeder current is 78 A (3-wire, 
240 V). 


Line A 


Neutral 


Line B 


Amperes from Example Dl(a) 

78 

61 

78 

One 230-V air conditioner 

6 

— 

6 

One 115-V air conditioner and 

12 

12 

10 

120-V dishwasher 

One 115-V disposer 

— 

8 

8 

25% of largest motor (see 

3 

3 

2 

430.24) 

Total amperes per conductor 

99 

84 

104 


Therefore, the service would be rated 110 A. 
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INFORMATIVE ANNEX C 


Example D2(a) Optional Calculation for One-Family 
Dwelling, Heating Larger Than Air Conditioning [see 
220.82] 

The dwelling has a floor area of 1500 ft 2 , exclusive of an 
unfinished cellar not adaptable for future use, unfinished 
attic, and open porches. It has a 12-kW range, a 2.5-kW 
water heater, a 1.2-kW dishwasher, 9 kW of electric space 
heating installed in five rooms, a 5-kW clothes dryer, and a 
6-A, 230-V, room air-conditioning unit. Assume range, wa¬ 
ter heater, dishwasher, space heating, and clothes dryer kW 
ratings equivalent to kVA 


3000 VA at 100% 

9000 VA - 3000 VA = 6000 VA at 35% 


Range: 8 kVA at 70% 
Clothes dryer: 5 kVA at 70% 
Dishwasher 


Calculated Load for Neutral 

15,400 VA -r 240 V= 64 A 


3,000 VA 
2,100 VA 


Subtotal 5,100 VA 
5,600 VA 
3,500 VA 
1,200 VA 


Total 15,400 VA 


Air Conditioner kVA Calculation 

6 A x 230 V h- 1000 = 1.38 kVA 

This 1.38 kVA [item 1 from 220.82(C)] is less than 40% of 
9 kVA of separately controlled electric heat [item 6 from 
220.82(C)], so the 1.38 kVA need not be included in the 
service calculation. 

General Load 


1500 ft 2 at 3 VA 

4,500 VA 

Two 20-A appliance outlet circuits at 1500 VA each 

3,000 VA 

Laundry circuit 

1,500 VA 

Range (at nameplate rating) 

12,000 VA 

Water heater 

2,500 VA 

Dishwasher 

1,200 VA 

Clothes dryer 

,4*000 VA 


Application of Demand Factor [si 

First 10 kVA of general load at 100% 
Remainder of general load at 40% 

(19.7 kVA x 0.4) 

Total o: 

9 kVA of heat at 40% (9000 VA x 0.4) = 



Example D2(b) Optional Calculation for One-Family 
Dwelling, Air Conditioning Larger Than Heating [see 
220.82(A) and 220.mC)[ 

The dwelling has^i floor area of 1500 ft 2 , exclusive of an 
unfinished cellar not adaptable for future use, unfinished 
attic, and open porches. It has two 20-A small appliance 
circuits, onp 20-A laundry circuit, two 4-kW wall-mounted 
ovens, one 5.1-kW counter-mounted cooking unit, a 
4.5-kW water Treater, a 1.2-TW dishwasher, a 5-kW combi¬ 
nation clothes washer and dryer, six 7-A, 230-V room air- 
conditioning units, and a 1.5-kW permanently installed 
bathroonTOi&ace heater. Assume wall-mounted ovens, 
unter-mounted cooking unit, water heater, dishwasher, 
ana comtmuition clothes washer and dryer kW ratings 
ivalent to kVA. 

ir Conditioning kVA Calculation 

ital amperes = 6 units x 7 A = 42 A 
42 A x 240 V H- 1000 = 10.08 kVA (assume PF = 1.0) 

Load Included at 100% 

Air Conditioning: Included below [see item 1 in 220.82(C)] 
Space Heater: Omit [see item 5 in 220.82(C)] 

General Load 


Total 21,480 VA 


Calculated Load for Service Size 

21.48 kVA = 21,480 VA 
21,480 VA-H 240 V = 90 A 

Therefore, the minimum service rating would be 100 A 
in accordance with 230.42 and 230.79. 

Feeder Neutral Load in Accordance with 220.61 

1500 ft 2 at 3 VA 4,500 VA 

Three 20-A circuits at 1500 VA 4,500 VA 

Total 9,000 VA 


1500 ft 2 at 3 VA 4,500 VA 

Two 20-A small-appliance 

circuits at 1500 VA each 3,000 VA 

Laundry circuit 1,500 VA 

Two ovens 8,000 VA 

One cooking unit 5,100 VA 

Water heater 4,500 VA 

Dishwasher 1,200 VA 

Washer/dryer 5,000 VA 


Total general load 32,800 VA 
First 10 kVA at 100%- 10,000 VA 

Remainder at 40% 

(22.8 kVA x 0.4 x 1000) 9,120 VA 


Subtotal general load 19,120 VA 
Air conditioning 10,080 VA 


Total 29,200 VA 
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Calculated Load for Service 

29,200 VA -b 240 V = 122 A (service rating) 

Feeder Neutral Load, in accordance with 220.61 

Assume that the two 4-kVA wall-mounted ovens are sup¬ 
plied by one branch circuit, the 5.1-kVA counter-mounted 
cooking unit by a separate circuit. 

1500 ft 2 at 3 VA 4,500 VA 

Three 20-A circuits at 1500 VA 4,500 VA 

Subtotal 9,000 VA 

3000 VA at 100% 3,000 VA 

9000 VA - 3000 VA = 6000 VA at 35% 2,100 VA 

Subtotal 5,100 VA 


Heat Pump and Supplementary Heat* 

240 V x 24 A = 5760 VA 

15 kW Electric Heat: 

5760 VA + (15,000 VA x 65%) = 5.76 kVA + 9.75 kVA 
= 15.51 kVA 

*If supplementary heat is not on at same time as 
heat pump, heat pump kVA need not be added to total. 

Totals 

Net general load 19,280 VA 

Heat pump and supplementary heat 15,510 VA 

Total 34,790 VA 


Two 4-kVA ovens plus one 5.1-kVA cooking unit = 13.1 
kVA. Table 220.55 permits 55% demand factor or 13.1 kVA 
x 0.55 = 7.2 kVA feeder capacity. 


Subtotal from above 
Ovens and cooking unit: 7200 VA x 70% for neutral load 
Clothes washer/dryer: 5 kVA x 70% for neutral load 
Dishwasher 

Total 


5,100 VA 
5,040 VA 
3,500 VA 
1,200 VA 


Calculated Load for Neutral 

14,840 VA H- 240 V = 62 

Example D2(c) Optional Calculationfoj^^ne-Fai 
Dwelling with Heat Pump (Single-Ph; 

Service) (see 220.82) 

The dwelling has a floor area of 2 1 
unfinished cellar not adaptable for 
attic, and open porches. It has a 
water heater, a 1.2-kW dishwasher, 
and a 2V2-ton (24-A) 
heat. 




usive of an 
unfinished 
, a 4.5-kW 
es dryer, 
pump with 15 kW^Cf backup 



Heat Pump kVA Calculatio 

24 A x 240 V 4- 1000 = 5.76 k\ 

This 5.76 kVA is less than 15 kVA of the backup heat; 
therefore, the heat pump load need not be included in the 
service calculation [see 220.82(C)] 


Calculated Load for Service 

34.79 kVA x 1000 -b 240 V= 145 A 
Therefore, Its dwelling unit would be permitted to be 
served by a 150-A service. 

Example D3 Store Building 

re 50 ft by 60 ft, or 3000 ft 2 , has 30 ft of show 
window. There are a total of 80 duplex receptacles. The 
service is 120/240 V, single phase 3-wire service. Actual 
jcred lighting load is 8500 VA. 

Calculated Load (see 220.40) 


Noncontinuous Loads 

Receptacle Load (see 220.44) 

80 receptacles at 180 VA 
10,000 VA at 100% 

14,400 VA - 10,000 VA = 4400 at 50% 


Continuous Loads 

General Lighting* 

3000 ft 2 at 3 VA/ft 2 
Show Window Lighting Load 
30 ft at 200 VA/ft [see 220.14(G)] 
Outside Sign Circuit [see 220.14(F)] 


Subtotal 

Subtotal from noncontinuous 


14,400 VA 
10,000 VA 
2,200 VA 

Subtotal 12,200 VA 


9,000 VA 

6,000 VA 
1,200 VA 

16.200 VA 

12.200 VA 


General Load 


2000 ft 2 at 3 VA 6,000 VA 

Two 20-A appliance outlet circuits at 3,000 VA 

1500 VA each 

Laundry circuit 1,500 VA 

Range (at nameplate rating) 12,000 VA 

Water heater 4,500 VA 

Dishwasher 1,200 VA 

Clothes dryer 5,000 VA 


Subtotal general load 33,200 VA 
First 10 kVA at 100% 10,000 VA 

Remainder of general load at 40% 9,280 VA 

(23,200 VAx 0.4) 


Total noncontinuous loads + 

continuous loads = 28,400 VA 


*In the example, 125% of the actual connected lighting 
load (8500 VA x 1.25 = 10,625 VA) is less than 125% of 
the load from Table 220.12, so the minimum lighting load 
from Table 220.12 is used in the calculation. Had the actual 
lighting load been greater than the value calculated from 
Table 220.12, 125% of the actual connected lighting load 
would have been used. 


Total net general load 19,280 VA 
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Minimum Number of Branch Circuits Required 

General Lighting: Branch circuits need only be installed to 
supply the actual connected load [see 210.11(B)], 

8500 VA x 1.25 = 10,625 VA 
10,625 VA 4 240 V = 44 A for 3-wire, 120/240 V 
The lighting load would be permitted to be served by 
2-wire or 3-wire, 15- or 20-A circuits with combined ca¬ 
pacity equal to 44 A or greater for 3-wire circuits or 88 A or 
greater for 2-wire circuits. The feeder capacity as well as 
the number of branch-circuit positions available for lighting 
circuits in the panelboard must reflect the full calculated 
load of 9000 VA x 1.25 = 11,250 VA. 

Show Window 

6000 VA x 1.25 = 7500 VA 
7500 VA A 240 V = 31 A for 3-wire, 120/240 V 
The show window lighting is permitted to be served by 
2-wire or 3-wire circuits with a capacity equal to 31 A or 
greater for 3-wire circuits or 62 A or greater for 2-wire 
circuits. 

Receptacles required by 210.62 are assumed to be in¬ 
cluded in the receptacle load above if these receptacles do 
not supply the show window lighting load. 

Receptacles 

Receptacle Load: 14,400 VA 4- 240 V = 60 A for 3-wire, 
120/240 V 

The receptacle load would be permitted to be served by 
2-wire or 3-wire circuits with a capacity equal to 60 A or 
greater for 3-wire circuits or 120 A or greater tor Z 
circuits. 

Minimum Size Feeder (or Servij 
tection 

[see 215.3 or 230.90] 

Subtotal noncontinuous loads 
Subtotal continuous load at 125% 

(16,200 VAx 1.25) 

32,450 VA 

32,450 VA 4 240 V = 135 A 

The next higher standard size is 150 A (see 240.6). 

Minimum Size Feeders (or Service Conductors) Re¬ 
quired [see 215.2, 230.42(A)] 

For 120/240 V, 3-wire system, 

32,450 VA 4 240 V = 135 A 

Service or feeder conductor is 1/0 Cu in accordance with 
215.3 and Table 310.15(B)(16) (with 75°C terminations). 

Example D3(a) Industrial Feeders in a Common Race¬ 
way 

An industrial multi-building facility has its service at the 
rear of its main building, and then provides 480Y/277-volt 
feeders to additional buildings behind the main building in 



order to segregate certain processes. The facility supplies 
its remote buildings through a partially enclosed access cor¬ 
ridor that extends from the main switchboard rearward 
along a path that provides convenient access to services 
within 15 m (50 ft) of each additional building supplied. 
Two building feeders share a common raceway for approxi¬ 
mately 45 m (150 ft) and run in the access corridor along 
with process steam and control and communications ca¬ 
bling. The steam raises the ambient temperature around the 
power raceway to as much as 35°C. At a tee fitting, the 
individual building feeders then run to each of the two 
buildings involved. The feeder neutrals are not connected 
to the equipment grounding conductors in the remote build¬ 
ings. All distribution equipment terminations are listed as 
being suitable for 75^3 connections. 

Each of the two buildings has the following loads: 

Lighting, 11,600 VA, comprised of electric-discharge 
luminaires eonriected at 277 V 

Receptacles, 22 Lvolt, 20-ampere receptacles on 
general-piirpose branch circuits, supplied by separately de¬ 
rived Systems in each of the buildings 

r compressor, 460 volt, three phase, 5 hp [ROP 

2-264f^ 

460 volt, three phase, 1.5 hp 
►AC transformer type (nameplate: 23 am- 
lts, 60 percent duty cycle) 

3 Industrial Process Dryers, 480 volt, three phase, 15 
each (assume continuous use throughout certain shifts) 
Determine the overcurrent protection and conductor 
ze for the feeders in the common raceway, assuming the 
use of XHHW-2 insulation (90°C): 

Calculated Load {Note: For reasonable precision, volt- 
ampere calculations are carried to three significant figures 
only; where loads are converted to amperes, the results are 
rounded to the nearest ampere [see 220.5(B)]}. 


Noncontinuous Loads 

Receptacle Load (see 220.44 ) 

22 receptacles at 180 VA 
Welder Load [see 630.11(A), Table 
630.11(A)] 

Each welder: 480V x 23A x 0.78 = 
8,610 VA 

All 3 welders [see 630.11(B)] 
(demand factors 100%, 100%, 

85% respectively) 

8,610 VA + 8,610 VA + 7,320 VA = 

Subtotal, Noncontinuous Loads 

Motor Loads (see 430.24, Table 
430.250) 

Air compressor: 7.6A x 480 V x \3 

[ROP 2-264] 

Grinder: 3 A x 480 V x V3 = 
Largest motor, additional 25%: 

[ROP 2-264] 


3,960 VA 


24,500 VA 


28,500 VA 


6,310 VA 


2,490 VA 
1,580 VA 
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Subtotal, Motor Loads 10,400 VA 

[ROP 2-264] 

By using 430.24, the motor loads and the noncontinuous loads can be 
combined for the remaining calculation. 

Subtotal for load calculations, 

Noncontinuous Loads 

[ROP 2-264] 38,900 VA 

Continuous Loads 

General Lighting 11,600 VA 

3 Industrial Process Dryers 15 kW each 45,000 VA 


Subtotal, Continuous Loads: 


56,600 VA 


Overcurrent protection (see 215.3) 

The overcurrent protective device must accommodate 
125% of the continuous load, plus the noncontinuous load: 

Continuous load 56,600 VA 

Noncontinuous load [ROP 2-264] 38,900 VA 

Subtotal, actual load [actual load in amperes] 95,500 VA 

[99,000 VA -r (480V x V3) = 119 A] [ROP 2-264] 

(25% of 56,600 VA) (See 215.3) 14,200 VA 

Total VA [ROP 2-264] 109,700 VA 

Conversion to amperes using three significant figures: 

109,700 VA / (480V x V3) = 132 A [ROP 2-264] 

Minimum size overcurrent protective device: 132 A [ROP 2-264] 
Minimum standard size overcurrent protective device (see 240.6). 
amperes 


Where the overcurrent protective device and its 
bly are listed for operation at 100 perceat of its rating' 

125 ampere overcurrent protective device would be permi 
ted. However, overcurrent protect: 
listed for 100 percent of their rating an 
able at the 125-ampere rating, (See 215. ition.) 





iequirements for 
throughout the 


Ungrounded Feeder 

The conductors must incl 
(1) terminations, and (2) c^ 
raceway run. 

Minimum size conductor at till overcurrrent device ter¬ 
mination [see 110.14(C) and 215.2(A)(1), using 75°C am¬ 
pacity column in Table 310.15(B)(16 )[: 1/0 AWG. 

Minimum size conductors in the raceway based on ac¬ 
tual load [see Article 100, Ampacity, and 310.15(B)(3)(a) 
and correction factors to Table 310.15(B)(16)[: 

95,500 VA / 0.7 / 0.96 = 142,000 VA [ROP 2-264] 

[70% = 310.15(B)(3)(a)] & [0.96 = Correction factors to Table 
310.15(B)(16)] 

Conversion to amperes: 

142,000 VA / (480V x V3) = 171 A [ROP 2-264] 

Note that the neutral conductors are counted as current- 
carrying conductors [see 310.15(B)(5)(c)] in this example 
because the discharge lighting has substantial nonlinear 
content. This requires a 2/0 AWG conductor based on the 
90°C column of Table 310.15(B)(16). Therefore, the worst 
case is given by the raceway conditions, and 2/0 AWG 


conductors must be used. If the utility corridor was at nor¬ 
mal temperatures [(30°C (86°F)], and if the lighting at each 
building were supplied from the local separately derived 
system (thus requiring no neutrals in the supply feeders) the 
raceway result (95,500 VA / 0.8 = 119,000 VA; 119,000 VA 
/ (480V xV3) = 143 A, or a 1 AWG conductor @ 90°C) 
could not be used because the termination result (1/0 AWG 
based on the 75°C column of Table 310.15(B)( 16) would 
become the worst case, requiring the larger conductor. 
[ROP 2-264] 

In every case, the overcurrent protective device shall 
provide overcurrent protection for the feeder conductors in 
accordance with their ampacity as provided by this Code 
(see 240.4). A 90°C 2/0 AWG conductor has a Table 
310.15(B)(16) ampacity of 195 amperes. Adjusting for the 
conditions ojpise (35°C ambient temperature, 8 current- 
carrying conductors in the common raceway), 

195^amperes x 0.96 x 0.7 = 131 A 

150-ampere circuit breaker protects the 2/0 AWG 
feeder conductors, because 240.4( B) permits the use of the 
next higher standar»size overcurrent protective device. 
Note that the feeder layout precludes the application of 
310.15(A)(2) Exception. 

r Neutral Conductor (see 220.61) 

Because 210.11(B) does not apply to these buildings, 
d cannot be assumed to be evenly distributed across 
phases. Therefore the maximum imbalance must be as¬ 
sumed to be the full lighting load in this case, or 11,600 
VA. (11,600 VA / 277V = 42 amperes.) The ability of the 
neutral to return fault current [see 250.32(B)Exception(2)[ 
is not a factor in this calculation. 

Because the neutral runs between the main switchboard 
and the building panelboard, likely terminating on a busbar 
at both locations, and not on overcurrent devices, the ef¬ 
fects of continuous loading can be disregarded in evaluat¬ 
ing its terminations [see 215.2(A)(1) Exception No. 2], That 
calculation is (11,600 VA 3- 277V) = 42 amperes, to be 
evaluated under the 75°C column of Table 310.15(B)(16). 
The minimum size of the neutral might seem to be 8 AWG, 
but that size would not be sufficient to be depended upon in 
the event of a line-to-neutral short circuit [see 215.2(A)(1), 
second paragraph]. Therefore, since the minimum size 
equipment grounding conductor for a 150 ampere circuit, 
as covered in Table 250.122, is 6 AWG, that is the mini¬ 
mum neutral size required for this feeder. 

Example D4(a) Multifamily Dwelling 

A multifamily dwelling has 40 dwelling units. 

Meters are in two banks of 20 each with individual feeders 
to each dwelling unit. 

One-half of the dwelling units are equipped with electric 
ranges not exceeding 12 kW each. Assume range kW rating 
equivalent to kVA rating in accordance with 220.55. Other 
half of ranges are gas ranges. 
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Area of each dwelling unit is 840 ft". 

Laundry facilities on premises are available to all tenants. 
Add no circuit to individual dwelling unit. 


Minimum Size Feeders Required from Service Equip¬ 
ment to Meter Bank (For 20 Dwelling Units — 10 with 
Ranges) 


Calculated Load for Each Dwelling Unit (see Article 
220 ) 

General Lighting: 840 ft 2 at 3 VA/ft 2 = 2520 VA 
Special Appliance: Electric range (see 220.55) = 8000 VA 


Minimum Number of Branch Circuits Required for 
Each Dwelling Unit [see 210.11(A)] 

General Lighting Load: 2520 VA 4- 120 V = 21 A or two 
15-A, 2-wire circuits; or two 20-A, 2-wire circuits 
Small-Appliance Load: Two 2-wire circuits of 12 AWG 
wire [see 210.11(C)(1)] 

Range Circuit: 8000 VA -4 240 V = 33 A or a circuit of two 
8 AWG conductors and one 10 AWG conductor in accor¬ 
dance with 210.19(A)(3) 

Minimum Size Feeder Required for Each Dwelling 
Unit (see 215.2) 


Calculated Load (see Article 220): 
General Lighting 

Small Appliance (two 20-ampere circuits) 


2,520 VA 
3,000 VA 


Subtotal Calculated Load (without ranges) 


Application of Demand Factor (see TabL 

First 3000 VA at 100% 

5520 VA - 3000 VA = 2520 VA at 35% 


Range Load 


Net Calculated Load (’ 


Net Calculated Load (with ranges) 


Size of Each Feeder (see 215.2) 

For 120/240-V, 3-wire system (without ranges) 
Net calculated load of 3882 VA -4 240 V =16 A 
For 120/240-V, 3-wire system (with ranges) 

Net calculated load, 11,882 VA 4- 240 V = 50 A 

Feeder Neutral 


Lighting and Small-Appliance Load 
Range Load: 8000 VA at 70% (see 220.61) 


3,882 VA 
5,600 VA 


(only for apartments with electric range) 

Net Calculated Load (neutral) 


Calculated Load for Neutral 

9482 VA -4 240 V= 39.5 A 


5.600 VA 
9,482 VA 


Total Calculated Load: 

Lighting and Small Appliance 
20 units x 5520 VA 

Application of Demand Factor 
First 3000 VA at 100% 

110,400 VA - 3000 VA = 107,400 VA at 35% 


110,400 VA 


3,000 VA 
37,590 VA 



Net Calculated Load 40,590 VA 
Range Load: 10 ranges (not over 12 kVA) (see Col. C, 25,000 VA 

Table 220.55, 25 kW) 

Net Calculated Load (with ranges) 65,590 VA 


Net calculated load for 120/240-V, 3-wire system, 

65,590 VA -4 2 & = 273 A 

Feeder Neui 

Lighting and Sm wpad 40,590 VA 

Range i oad: 2',( 220.61(B)] 17,500 VA 

alculated Load (neutral) 58,090 VA 


ilculated Load for Neutral 

8,09(TVA -4 240 V = 242 A 

urther Demand Factor [220.61(B)] 

A at 100% 

A - 200 A = 42 A at 70% 



200 A 
29 A 


Net Calculated Load (neutral) 229 A 


Minimum Size Main Feeders (or Service Conductors) 
Required (Less House Load) (For 40 Dwelling Units — 
20 with Ranges) 


Total Calculated Load: 

Lighting and Small-Appliance Load 
40 units x 5520 VA 


220,800 VA 


Application of Demand Factor (from Table 220.42) 

First 3000 VA at 100% 3,000 VA 

Next 120,000 VA - 3000 VA = 117,000 VA at 35% 40,950 VA 

Remainder 220,800 VA - 120,000 VA = 100,800 VA at 25,200 VA 

25% 


Net Calculated Load 69,150 VA 

Range Load: 20 ranges (less than 12 kVA) 

(see Col. C. Table 220.55) 35,000 VA 

Net Calculated Load 104,150 VA 

For 120/240-V, 3-wire system 

Net calculated load of 104,150 VA % 240 V = 434 A 
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Feeder Neutral 

Lighting and Small-Appliance Load 
Range: 35,000 VA at 70% [see 220.61(B)] 


69,150 VA 
24,500 VA 


Calculated Load (neutral) 93,650 VA 

93,650 VA h- 240 V = 390 A 


Further Demand Factor [see 220.61(B) 


200 A at 100% 

390 A - 200 A = 190 A at 70% 


200 A 
133 A 


Net Calculated Load (neutral) 


333 A 


[See Table 310.15(B)(16) through Table 310.15(B)(21), 
and 310.15(B)(2), (B)(3), and (B)(5).] 

Example D4(b) Optional Calculation for Multifamily 
Dwelling 

A multifamily dwelling equipped with electric cooking 
and space heating or air conditioning has 40 dwelling units. 

Meters are in two banks of 20 each plus house metering 
and individual feeders to each dwelling unit. 

Each dwelling unit is equipped with an electric range of 
8-kW nameplate rating, four 1.5-kW separately controlled 
240-V electric space heaters, and a 2.5-kW, 240-V 
water heater. Assume range, space heater, and water heate: 
kW ratings equivalent to kVA. 

A common laundry facility is availably to all ten; 
[see 210.52(F), Exception No. 77- 

Area of each dwelling unit is 84' 

Calculated Load for Each Dwellin: 

220 ) 


General Lighting Load: 

840 ft 2 at 3 VA/ft 2 
Electric range 
Electric heat: 6 kVA (or air conditi 
if larger) 

Electric water heater 




2,520 VA 
8,000 VA 
6,000 VA 


2,500 VA 


Minimum Number of Branch Circuits Required for 
Each Dwelling Unit 

General Lighting Load: 2520 VA -j- 120 V = 21 A or two 
15-A, 2-wire circuits, or two 20-A, 2-wire circuits 
Small-Appliance Load: Two 2-wire circuits of 12 AWG 
[see 210.11(C)(1)] 

Range Circuit (See Table 220.55, Column B)\ 

8000 VA x 80% A 240 V = 27 A on a circuit of three 
10 AWG conductors in accordance with 210.19(A)(3) 
Space Heating: 6000 VA -H 240 V = 25 A 
Number of circuits (see 210.11) 

Minimum Size Feeder Required for Each Dwelling 
Unit (see 215.2) 


Calculated Load (see Article 220): 
General Lighting 

Small Appliance (two 20-A circuits) 


2,520 VA 
3,000 VA 


Subtotal Calculated Load (without range 5,520 VA 
and space heating) 


Application of Demand Factor 

First 3000 VA at 100% 

5520 VA - 3000 VA = 2520 VA at 35% 


3,000 VA 
882 VA 


Range 


Net Calculated Load 
(without range and space heating) 


Space Heating (see 220.51) 
Water Heater 


3,882 VA 

6,400 VA 

6,000 VA 
2,500 VA 




d Load (for individual dwelling unit) 


18,782 VA 


of Each 

120/240- 
lculated loti 



ire system, 
of 18,782 VA ■ 


er Neutral (see 220.61) 

Lighting @nd Small Appliance 
Range T^l: 6400 VA at 70% [see 220.61(B)] 
Water Heating (no neutral): 240 V 


240 V = 78 A 


3,882 VA 
4,480 VA 
OVA 


Net Calculated Load (neutral) 8,362 VA 


Calculated Load for Neutral 

8362 VA H- 240 V = 35 A 

Minimum Size Feeder Required from Service Equip¬ 
ment to Meter Bank (For 20 Dwelling Units) 


Total Calculated Load: 

Lighting and Small-Appliance Load 
20 units x 5520 VA 
Water and Space Heating Load 
20 units x 8500 VA 
Range Load: 20 x 8000 VA 


110,400 VA 

170,000 VA 
160,000 VA 


Net Calculated Load (20 dwelling units) 440,400 VA 
Net Calculated Load Using Optional Calculation (see 
Table 220.84) 

440,400 VA x 0.38 167,352 VA 


167,352 VA H- 240 V = 697 A 

Minimum Size Main Feeder Required (Less House 
Load) (For 40 Dwelling Units) 


Calculated Load: 

Lighting and Small-Appliance Load 
40 units x 5520 VA 
Water and Space Heating Load 
40 units x 8500 VA 
Range: 40 ranges x 8000 VA 


220,800 VA 
340,000 VA 

320,000 VA 


Net Calculated Load (40 dwelling units) 880,800 VA 
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Net Calculated Load Using Optional Calculation (see 
Table 220.84) 

880,800 VA x 0.28 = 246,624 VA 
246,624 VA H- 240 V = 1028 A 

Feeder Neutral Load for Feeder from Service Equip¬ 
ment to Meter Bank (For 20 Dwelling Units) 


Lighting and Small-Appliance Load 
20 units x 5520 VA 
First 3000 VA at 100% 

110,400 VA - 3000 VA = 107,400 VA 
at 35% 


110,400 VA 
3,000 VA 
37,590 VA 


Net Calculated Load 40,590 VA 
20 ranges: 35,000 VA at 70% 24,500 VA 

[see Table 220.55 and 220.61(B)] 


Total 65,090 VA 


65,090 VA 3- 240 V = 271 A 

Further Demand Factor [see 220.61(B)] 

First 200 A at 100% 

Balance: 271 A - 200 A = 71 A at 70% 


200 A 
50 A 


Feeder Neutral Load of Main Feeder (Less House 
Load) (For 40 Dwelling Units) 

Lighting and Small-Appliance Load 
40 units x 5520 VA 
First 3000 VA at 100% 

Next 120,000 VA - 3000 VA = 117,000 VA at 35% 

Remainder 220,800 VA - 120,000 VA = 100,800 VA at 
25% 


40 ranges: 55,000 VA at 70% [see Ta[ 
220.61(B)] 


'107,650 VA 


107,650 VA H- 240 V = 449 A 

Further Demand Factor [see 220.61(B)] 


First 200 A at 100% 

Balance: 449 - 200 A = 249 A at 70% 


200 A 
174 A 


Total 


374 A 


Example D5(a) Multifamily Dwelling Served at 
208Y/120 Volts, Three Phase 

All conditions and calculations are the same as for the 
multifamily dwelling [Example D4(a)] served at 120/240 V, 
single phase except as follows: 

Service to each dwelling unit would be two phase legs 
and neutral. 


Minimum Number of Branch Circuits Required for 
Each Dwelling Unit (see 210.11) 

Range Circuit: 8000 VA 3- 208 V = 38 A or a circuit of two 
8 AWG conductors and one 10 AWG conductor in accor¬ 
dance with 210.19(A)(3) 

Minimum Size Feeder Required for Each Dwelling 
Unit (see 215.2) 

For 120/208-V, 3-wire system (without ranges). 

Net calculated load of 3882 VA A 2 legs A 120 V/leg = 
16 A 

For 120/208-V, 3-wire system (with ranges), 

Net calculated load (range) of 8000 VA A 208 V = 39 A 
Total load (range + lighting) = 39A + 16A=55A 

[ROP 2-266] 

Reducing the neutral load on the feeder to each dwell¬ 
ing unit is not pegjjph'tted. [see 220.61(C)(1)] [ROP 2-266] 



ers Required from Service Equip- 
20 Dwelling Units — 10 with 


Minimum size 
ment to Meter Bank^ 

Rang^ 

208Yi|fi0-V, 3-pha^f, 4-wire system, 
ea Maximum number between any two phase legs 
= 4 

x 4 = 8. 

le 2^|55 demand = 23,000 VA 

demand = 23,000 VA t 2 = 11,500 VA 
quivaTent 3-phase load = 34,500 VA 
Net Calculated Load (total): 

40,590 VA + 34,500 VA = 75,090 VA 
75,090 VA -r (208 V)(1.732) = 208 A 

Feeder Neutral Size 

Net Calculated Lighting and Appliance Load & Equiva¬ 
lent Range Load: 

40,590 VA + (34,500 VA at 70%) = 64,700 VA 
Net Calculated Neutral Load: 

64,700 VA % (208 V)( 1.732) = 180 A 

Minimum Size Main Feeder (Less House Load) (For 
40 Dwelling Units — 20 with Ranges) 

For 208Y/120-V, 3-phase, 4-wire system, 

Ranges: 

Maximum number between any two phase legs = 7 
2 x 7 = 14. 

Table 220.55 demand = 29,000 VA 
Per phase demand = 29,000 VA A 2 = 14,500 VA 
Equivalent 3-phase load = 43,500 VA 
Net Calculated Load (total): 

69,150 VA + 43,500 VA = 112,650 VA 
112,650 VA -r (208 V)(1.732) = 313 A 
Main Feeder Neutral Size: 

69,150 VA + (43,500 VA at 70%) = 99,600 VA 
99,600 VA -r (208 V)( 1.732) = 277 A 
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Further Demand Factor (see 220.61) 


200 A at 100% 
299 A - 200 A = 


99 A at 70% 


200.0 A 
69 A 


200 A at 100% 

277 A - 200 A = 77 A at 70% 


200.0 A 
54 A 


Net Calculated Load (neutral) 254 A 


Example D5(b) Optional Calculation for Multifamily 
Dwelling Served at 208Y/120 Volts, Three Phase 

All conditions and calculations are the same as for Optional 
Calculation for the Multifamily Dwelling [Example D4(b)J 
served at 120/240 V, single phase except as follows: 

Service to each dwelling unit would be two phase legs 
and neutral. 

Minimum Number of Branch Circuits Required for 
Each Dwelling Unit (see 210.11) 

Range Circuit (see Table 220.55, Column B): 8000 VA 
at 80%4 208 V = 31 A or a circuit of two 8 AWG conduc¬ 
tors and one 10 AWG conductor in accordance with 
210.19(A)(3) 

Space Heating: 6000 VA % 208 V = 29 A 
Two 20-ampere, 2-pole circuits required, 12 AWi 
ductors 

Minimum Size Feeder Required 
Unit 

120/208-V, 3-wire circuit 
Net calculated load of 18,782 VA 4 
Net calculated load (lighting line to if 
3882 VA 4 2 legs 4 120 V per leg = 16" 

Line to line = 14,900 VA 4 208 V = 

Total load = 16.2 A^k6 

m 


Minimum Size Feeder Re 
ment to Meter Bank (For 20 D 



Service Equip- 
ig Units) 


Net Calculated Load 

167,352 VA 4 (208 V)(1.732) = 465 A 

Feeder Neutral Load 

65,080 VA 4 (208 V)(1.732) = 181 A 

Minimum Size Main Feeder Required (Less House 
Load) (For 40 Dwelling Units) 


Net Calculated Load (neutral) 269 A 


Example D6 Maximum Demand for Range Loads 

Table 220.55, Column C, applies to ranges not over 12 kW. 
The application of Note 1 to ranges over 12 kW (and not 
over 27 kW) and Note 2 to ranges over 8% kW (and not 
over 27 kW) is illustrated in the following two examples. 

A. Ranges All the Same Rating (see Table 220.55, 
Note 1) 

Assume 24 ranges, each rated 16 kW. 

From Table 220.55, Column C, the maximum demand 
for 24 ranges of 12-kW rating is 39 kW. 16 kW exceeds 12 
kW by 4.° 

5% x 4 = 20% (5% increase for each kW in excess of 

12 ). 

9 kW x 20^H|^.8 kW increase 
39 + 7.8 = 46.8 kW (value to be used in selection of 
feedej 

anges of Unequal Rating (see Table 220.55, Note 

me 5 ranges, each rated 11 kW; 2 ranges, each 
llHtW; 20 ranges, each rated 13.5 kW; 3 ranges, each 
\8 kW. 


5 ranges 

x 12 kW = 

60 kW (use 



12 kW for range 



rated less than 12) 

2 ranges 

x 12 kW = 

24 kW 

20 ranges 

x 13.5 kW = 

270 kW 

3 ranges 

x 18 kW = 

54 kW 


30 ranges. Total kW = 


408 kW 


4084 30 ranges = 13.6 kW (average to be used for 
calculation) 

From Table 220.55, Column C, the demand for 30 
ranges of 12-kW rating is 15 kW + 30 (1 kW x 30 ranges) 
= 45 kW. 13.6 kW exceeds 12 kW by 1.6 kW (use 2 kW). 

5% x 2 = 10% (5% increase for each kW in excess of 
12 kW) 

45 kW x 10% = 4.5 kW increase 

45 kW + 4.5 kW = 49.5 kW (value to be used in selec¬ 
tion of feeders) 


Net Calculated Load 

246,624 VA 4 (208 V)( 1.732) = 685 A 

Main Feeder Neutral Load 

107,650 VA 4 (208 V)(1.732) = 299 A 

Further Demand Factor [see 220.61(B)] 


Example D7 Sizing of Service Conductors for Dwell¬ 
ing^) [see 310.15(B)(7)] 

Service conductors and feeders for certain dwellings are 
allowed to be sized per 310.15(B)(7). [ROP 6-117a] 

If a 175 ampere Service Rating is selected, a service 
conductor is then sized by 175 amperes x 0.83 = 145.25 
amperes per Section 310.15(B)(7). [ROP 6-117a] 
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If no other adjustments or corrections are required for 
the installation, then per Table 310.15(B)(16) a 1/0 AWG 
Cu or a 3/0 AWG A1 would meet this rating at 75 degree C. 

[ROP 6-117a] 

Example D8 Motor Circuit Conductors, Overload Pro¬ 
tection, and Short-Circuit and Ground-Fault Protection 

(see 240.6, 430.6, 430.22, 430.23, 430.24, 430.32, 430.52, 
and 430.62, Table 430.52, and Table 430.250) 

Determine the minimum required conductor ampacity, the 
motor overload protection, the branch-circuit short-circuit 
and ground-fault protection, and the feeder protection, for 
three induction-type motors on a 480-V, 3-phase feeder, as 
follows: 

(a) One 25-hp, 460-V, 3-phase, squirrel-cage motor, 
nameplate full-load current 32 A, Design B, Service Factor 
1.15 

(b) Two 30-hp, 460-V, 3-phase, wound-rotor motors, 
nameplate primary full-load current 38 A, nameplate sec¬ 
ondary full-load current 65 A, 40°C rise. 

Conductor Ampacity The full-load current value used to 
determine the minimum required conductor ampacity is ob¬ 
tained from Table 430.250 [see 430.6(A)] for the squirrel 
cage motor and the primary of the wound-rotor motors. To 
obtain the minimum required conductor ampacity, the full 
load current is multiplied by 1.25 [see 
430.23(A)], 

For the 25-hp motor, 

34 Ax 1.25 = 43 A 
For the 30-horsepower motors, 

40 Ax 1.25 = 50 A 
65 Ax 1.25 = 81 A 


e, the mo- 
ted or set to 
r e full-load cur- 


Motor Overload Protection 

Where protected by a separate o 
tors are required to have overload protect 
trip at not more than 125% of the namep 
rent [see 430.6(A) and 430.32(A)(1)], 

For the 25-hp motor, 

32 Ax 1.25 = 40.0 A 
For the 30-hp motors, 

38 A x 1.25 = 48 A 

Where the separate overload device is an overload relay 
(not a fuse or circuit breaker), and the overload device 
selected at 125% is not sufficient to start the motor or carry 
the load, the trip setting is permitted to be increased in 
accordance with 430.32(C). 

Branch-Circuit Short-Circuit and Ground-Fault Pro¬ 
tection The selection of the rating of the protective device 
depends on the type of protective device selected, in accor¬ 
dance with 430.52 and Table 430.52. The following is for 
the 25-hp motor. 




(a) Nontime-Delay Fuse: The fuse rating is 300% x 34 
A = 102 A. The next larger standard fuse is 110 A [see 
240.6 and 430.52(C)(1), Exception No. 1], If the motor will 
not start with a 110-A nontime-delay fuse, the fuse rating is 
permitted to be increased to 125 A because this rating does 
not exceed 400% [see 430.52(C)(1), Exception No. 2(a)]. 

(b) Time-Delay Fuse: The fuse rating isl75%x34A = 
59.5 A. The next larger standard fuse is 60 A [see 240.6 and 
430.52(C)(1), Exception No. 1]. If the motor will not start 
with a 60-A time-delay fuse, the fuse rating is permitted to 
be increased to 70 A because this rating does not exceed 
225% [see 430.52(C)(1), Exception No. 2(b)], 

Feeder Short-Circuit and Ground-Fault Protection 

The rating of the feeder protective device is based on the 
sum of the largest Jpranch-circuit protective device (ex¬ 
ample is 110 A) plus the sum of the full-load currents of the 
other motors, or 110 A + 40 A + 40 A = 190 A. The nearest 
standard fuseiffat does not exceed this value is 175 A [see 
240.6 atm 


Example D9 Feeder Ampacity Determination for Gen¬ 
erator JFieM Control [see 215.2, 430.24, 430.24 Excep¬ 
tion No. Ir620.13, 620.14, 620.61, and Table 430.22(E) 
and 620A 

etemiine the conductor ampacity for a 460-V 3-phase, 
eaer supplying a group of six elevators. The 
frve motor nameplate rating of the largest MG 
for one elevator is 40 hp and 52 A, and the remaining 
vators each have a 30-hp, 40-A, ac drive motor rating for 
lr MG sets. In addition to a motor controller, each eleva¬ 
tor has a separate motion/operation controller rated 10 A 
continuous to operate microprocessors, relays, power sup¬ 
plies, and the elevator car door operator. The MG sets are 
rated continuous. 

Conductor Ampacity. Conductor ampacity is deter¬ 
mined as follows: 

(a) In accordance with 620.13(D) and 620.61(B)(1), 
use Table 430.22(E), for intermittent duty (elevators). For 
intermittent duty using a continuous rated motor, the per¬ 
centage of nameplate current rating to be used is 140%. 

(b) For the 30-hp ac drive motor, 

140% x 40 A = 56 A. 

(c) For the 40-hp ac drive motor, 

140% x 52 A = 73 A. 

(d) The total conductor ampacity is the sum of all the 
motor currents: (1 motor x 73 A) + (5 motors x 56 A) = 
353 A 

(e) In accordance with 620.14 and Table 620.14, the 
conductor (feeder) ampacity would be permitted to be re¬ 
duced by the use of a demand factor. Constant loads are not 
included (see 620.14, Informational Note). For six eleva¬ 
tors, the demand factor is 0.79. The feeder diverse ampacity 
is, therefore, 0.79 x 353 A = 279 A. 
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(f) In accordance with 430.24 and 215.3, the controller 
continuous current is 125% x 10 A = 13 A 

(g) The total feeder ampacity is the sum of the diverse 
current and all the controller continuous current. 

7 t ot a i = 279 A + (6 elevators x 12.5 A) = 354 A 

(h) This ampacity would be permitted to be used to 
select the wire size. 

See Figure D9. 


Machine room 


(a) Calculate the nameplate rating of the transformer: 


/ = 


95 kVA x 1000 
•v/3 x 460 V x 0.9(1 


= 133 A 


(b) In accordance with 620.13(D), for six elevators, 
the total conductor ampacity is the sum of all the currents. 
6 elevators x 133 A = 798 A 

(c) In accordance with 620.14 and Table 620.14, the 
conductor (feeder) ampacity would be permitted to be re¬ 
duced by the use of a demand factor. Constant loads are not 
included (see 620.13, Informational Note No. 2). For six 
elevators, the demand factor is 0.79. The feeder diverse 
ampacity is, therefore, 0.79 x 798 A = 630 A. 

(d) In accordance with 430.24 and 215.3, the control¬ 
ler continuou^urrent is 125% x 10 A = 13 A. 

(e) ThJlBtal feeder ampacity is the sum of the diverse 
current and all the controller constant current. 

4otai -..630 A + (6 elevators x 12.5 A) = 705 A 

This ar^fcdty would be permitted to be used to 



Figure D9 Generator Field Con 


Example D10 Feeder Ampacity Determination for Ad¬ 
justable Speed Drive Control [see 215.2, 430.24, 620.13, 
620.14, 620.61, and Table 430.22(E)] 

Determine the conductor ampacity for a 460-V, 3-phase, 
60-Hz ac feeder supplying a group of six identical eleva¬ 
tors. The system is adjustable-speed SCR dc drive. The 
power transformers are external to the drive (motor control¬ 
ler) cabinet. Each elevator has a separate motion/operation 
controller connected to the load side of the main line dis¬ 
connect switch rated 10 A continuous to operate micropro¬ 
cessors, relays, power supplies, and the elevator car door 
operator. Each transformer is rated 95 kVA with an effi¬ 
ciency of 90%. 

Conductor Ampacity 

Conductor ampacity is determined as follows: 


circuit 

panel 


To additional elevator 


Machine room 

Figure D10 Adjustable Speed Drive Control. 

Example Dll Mobile Home (see 550.18) 

A mobile home floor is 70 ft by 10 ft and has two small 
appliance circuits; a 1000-VA, 240-V heater; a 200-VA, 
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120-V exhaust fan; a 400-VA, 120-V dishwasher; and a 
7000-VA electric range. 


Example D13 Cable Tray Calculations (See Article 
392) 


Lighting and Small-Appliance Load 


Lighting (70 ft x 10 ft x 3 VA per ft 2 ) 
Small-appliance (1500 VAx 2 circuits) 
Laundry (1500 VA x 1 circuit) 


2,100 VA 
3,000 VA 
1,500 VA 


First 3000 VA at 100% 

Remainder (6600 VA - 3000 VA - 
3600 VA ) x 35% 


4260 VA H- 240 V = 17.75 A per leg 


Subtotal 


6,600 VA 
3,000 VA 
1,260 VA 


Total 


Amperes per Leg 


Leg A 


4,260 VA 


Leg B 


18 

4 

2 


18 

4 


Lighting and appliances 
Heater (1000 VA 4 240 V) 

Fan (200 VA x 125% 4 120 V) 
Dishwasher (400 VA 4 120 V) 
Range (7000 VA x 0.8 4 240 V) 

Total amperes per leg 


Based on the higher current calculated for either leg, a 
minimum 50-A supply cord would be required. 

For SI units, 0.093 m 2 = 1 ft 2 and 0.3048 m = 1 ft. 

Example D12 Park Trailer (see 552.47) 

A park trailer floor is 40 ft by 10 ft and 
appliance circuits, a 1000-VA, 240-V he: 

120-V exhaust fan, a 400-VA, 120-V dish 
7000-VA electric range. 


Lighting and Small-Appliance Loai 

Lighting (40 ft x 10 ft x 3 VA per ft : 
Small-appliance (1500 VAx 2 circuits) 
Laundry (1500 VA x 1 circuit) 


First 3000 VA at 100% 

Remainder (5700 VA - 3000 VA = 2700 VA) x 35% 


5,700 VA 
3,000 VA 
945 VA 


Total 


3945 VA4 240 V = 16.44 A per leg 


Amperes per Leg 


Leg A 


3,945 VA 


Leg B 


Lighting and appliances 
Heater (1000 VA 4 240 V) 

Fan (200 VA x 125% 4 120 V) 
Dishwasher (400 VA 4 120 V) 
Range (7000 VA x 0.8 4- 240 V) 


16 

4 

2 

23 


16 

4 

3 

23 


D13(a) Multiconductor Cables 4/0 AWG and Larger 

Use: NEC 392.22(A)(1)(a) 

Cable tray must have an inside width equal to or greater 
than the sum of the diameters (Sd) of the cables, which 
must be installed in a single layer. 

Example: Cable tray width is obtained as follows: 


Cable Size 
Being Used 


(OD) 

Cable Outside 
Diameters (in.) 


(N) 

Number of 
Cables 


SD = (OD) 
x (N) 

(Sum of the 
Cable 

Diameters) (in.) 


3-conductor 
Type MC cable 
— 4/0 AWG 


1.57 


12 


18.84 




The sum,df thhtdiameters (Sd) of all cables = 18.84 in., 
therefore a cable tray with an inside width of at least 
18.84 in. is required. 

: Cable outside diatheter is a nominal diameter 
frdiitlcatalogiPtta. 

lticonductor Cables Smaller Than 4/0 AWG 

92.22(A)(1)(b) 

'the cross-sectional areas of all the cables to 
n the cable tray must be equal to or less than 
allowable cable area for the tray width, as indicated in 
hie 392.22(A), Column 1. 


Table D13(b) from Table 392.22(A), Column 1 


Inside Width of Cable Tray 
(in.) 

Allowable Cable Area (in. 2 ) 

6 

7.0 

9 

10.5 

12 

14.0 

18 

21.0 

24 

28.0 

30 

35.0 

36 

42.0 


Totals 


45 


46 


Based on the higher current calculated for either leg, a 
minimum 50-A supply cord would be required. 

For SI units, 0.093 nr = 1 ft 2 and 0.3048 m = 1 ft. 
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Example: Cable tray width is obtained as follows: 


Table D13(d) from Table 392.22(B)(1), Column 1 


Cable Size 
Being Used 


Multiply (A) 
x (N) 

(A) (Which Is a 

Cable (N) Total Cable 

Cross-Sectional Number of Cross-Sectional 
Area (in. 2 ) Cables Area in in. 2 ) 


4-conductor 
Type MC 
cable — 1 
AWG 


1.1350 


12.15 


The total cable cross-sectional area is 12.15 in.“. Using 
Table D 13(b) above, the next higher allowable cable area 
must be used, which is 14.0 in. 2 . The table specifies that the 
cable tray inside width for an allowable cable area of 
14.0 in. 2 is 12 in. 

Note: Cable cross-sectional area is a nominal area from 
catalog data. 

D13(c) Single Conductor Cables 1/0 AWG through 4/0 
AWG 

Use: NEC 392.22(B)(1)(d) 

Cable tray must have an inside width equal to or greater 
than the sum of the diameters (Sd) of the cables. The. cables 
must be evenly distributed across the cable tray. 

Example: Cable tray width is obtained as follows^ 


Single 
Conductor 
Cable Size 
Being Used 

THHN — 
4/0 AWG 


(OD) 

Cable Outside 
Diameters 
(in.) 


0.642 



The sum of the diametersUSd) of aJfcables = 11.56 in., 
therefore, a cable tray with am inside width of at least 
11.56 in. is required. 

Note: Cable outside diameter from Chapter 9, Table 5. 

D13(d) Single Conductor Cables 250 kcmil through 
900 kcmil 

Use: NEC 392.22(B)(1)(b) 

The sum of the cross-sectional areas of all the cables to 
be installed in the cable tray must be equal to or less than 
the allowable cable area for the tray width, as indicated in 
Table 392.22(B)(1), Column 1. 


Inside Width of Cable Tray 
(in.) 

Allowable Cable Area (in. 2 ) 

6 

6.5 

9 

9.5 

12 

13.0 

18 

19.5 

24 

26.0 

30 

32.5 

36 

39.0 


Example: Cable tray width is obtained as follows: 


Multiply (A) 
x (N) 

(Which Is a 
Total Cable 
Cross-Sectional 
Area in in. 2 ) 



(N) 

Number of 
Cables 


6.36 



total cable cross-sectional area is 6.36 in. . Using 
le DT3(d), the next higher allowable cable area must be 
which is 6.5 in. 2 . The table specifies that the cable 
tray inside width for an allowable cable area of 6.5 in. 2 is 
6 in. 

Note: Single-conductor cable cross-sectional area from 
Chapter 9, Table 5. 

Example D14 Ampacity Calculation for Conductors 
on a Roof Top Installed in EMT (See Article 310). [ROP 
6-119] 

Determine the ampacity of four current-carrying 8 
AWG THWN-2 copper conductors in EMT exposed to di¬ 
rect sunlight with an ambient temperature of 100°F located 
3 inches above a rooftop. 

References: 310.15(B)(3)(c), 310.15(B)(3), Table 

310.5(B)(16), and Table 310.15(B)(2)(A). 

Begin by determining the ambient temperature adder 
for raceways above rooftops from Table 310.15(B)(3)(c). 
EMT is supported 3 inches above the roof therefor a tem¬ 
perature adder of 50°F is added to the ambient temperature 
of 100°F, resulting in an adjusted ambient temperature of 
150°F. 

Next, taking into account that there are four current- 
carrying conductors in the raceway, 310.15(B)(3)(a) applies 
resulting in an adjustment factor of 80% from Table 
310.15(B)(3)(a). For derating adjustment purposes, the 
90°C ampacity of 55 amps is selected from Table 
310.15(B)( 16). Taking into account the 80% adjustment for 
more than three current carrying conductors, the 55 amps is 
multiplied by 0.80 resulting in 44 amps. 
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Next, the ambient temperature correction factor for an 
ambient other than 30°C is found in Table 310.15(B)(2)(A). 
The correction factor for the 150°F ambient temperature is 
0.58 for the 90°C rated conductor. 


The ambient temperature correction factor of 0.58 is 
multiplied by the previously adjusted ampacity of 44 amps 
resulting in a maximum ampacity of 25.5 amps for the 8 
AWG THWN-2 copper conductors. 
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Informative Annex E Types of Construction 


This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. 

Table E.l contains the fire resistance rating, in hours, for 
Types I through V construction. The five different types of 
construction can be summarized briefly as follows (see also 
Table E.2): 

Type I is a Fire-Resistive construction type. All structural 
elements and most interior elements are required to be non¬ 
combustible. Interior, nonbearing partitions are permitted to 
be 1 or 2 hour rated. For nearly all occupancy types, Type 
I construction can be of unlimited height. 


Type II construction has 3 categories: Fire-Resistive, 
One-Hour Rated, and Non-Rated. The number of stories 
permitted for multifamily dwellings varies from two for 
Non-Rated and four for One-Hour Rated to 12 for Fire- 
Resistive construction. 

Type III construction has two categories: One-Hour 
Rated and Non-Rated. Both categories require the structural 
framework and exterior walls to be of noncombustible ma¬ 
terial. One-Hour Rated construction requires all interior 
partitions to be one-hour rated. Non-Rated construction al¬ 
lows nonbearing interior partitions to be of non-rated con¬ 
struction. fixe maximum permitted number of stories for 


Table E.l Fire Resistance Ratings for Type I Through Type V Construct! 


Type If/ 
211 


Exterior Bearing Walls a 

Supporting more than one floor, 
columns, or other bearing walls 
Supporting one floor only 
Supporting a roof only 

Interior Bearing Walls 

Supporting more than one floor, 
columns, or other bearing walls 
Supporting one floor only 
Supporting roofs only 


Columns 

Supporting more than one. 

columns, or other bearing' 
Supporting one floor only 
Supporting roofs only 


Beams, Girders, Trusses, and 
Arches 

Supporting more than one floor, 
columns, or other bearing walls 
Supporting one floor only 
Supporting roofs only 

Floor-Ceiling Assemblies 

Roof-Ceiling Assemblies 

Interior Nonbearing Walls 


Exterior Nonbearing Walls’ 




200 


0 b 


o b 


Type IV 


2HH 


H 

H 

H 


H 

H 

H 

H 

H 


Type V 


111 


000 


0 b 

o b 


Source: Table 7.2.1.1 from NFPA 5000, Building Construction and Safety Code, 2009 edition. 


H: Heavy timber members. 

a See 7.3.2.1 in NFPA 5000. 

b See Section 7.3 in NFPA 5000. 

c See 7.2.3.2.12, 7.2.4.2.3, and 7.2.5.6.8 in NFPA 5000. 


2014 Edition 


NATIONAL ELECTRICAL CODE 


70-863 






















INFORMATIVE ANNEX E 


multifamily dwellings and other structures is two for Non- 
Rated and four for One-Hour Rated. 

Type IV is a single construction category that provides 
for heavy timber construction. Both the structural frame¬ 
work and the exterior walls are required to be noncombus¬ 
tible except that wood members of certain minimum sizes 
are allowed. This construction type is seldom used for mul¬ 
tifamily dwellings but, if used, would be permitted to be 
four stories high. 

Type V construction has two categories: One-Hour 
Rated and Non-Rated. One-Hour Rated construction re¬ 
quires a minimum of one-hour rated construction through¬ 
out the building. Non-rated construction allows non-rated 
interior partitions with certain restrictions. The maximum 
permitted number of stories for multifamily dwellings and 
other structures is 2 for Non-Rated and 3 for One-Hour 
Rated. 


Table E.2 Maximum Number of Stories for Types V, IV, and 
III Construction 


Construction Type 

Maximum Number of Stories 
Permitted 

V Non-Rated 

2 

V Non-Rated, Sprinklered 

3 

V One-Hour Rated 

3 

V One-Hour Rated, 

4 

Sprinklered 

IV Heavy Timber 

4 

IV Heavy Timber, 

5 

Sprinklered 

III Non-Rated 

2 

III Non-Rated, Sprinklered 

3 

III One-Hour Rated 

4 

III One-Hour Rated, ^ 

5 

Sprinklered 


In Table E.l the system of designating types of construc¬ 
tion also includes a specific breakdown of the types of 
construction through the use of arabic numbers. These ara- 
bic numbers follow the roman numeral notation where 
identifying a type of construction [for example, Type 
1(442), Type 11(111), Type 111(200)] and indicate the fire 
resistance rating requirements for certain structural ele- 
ments as follows: 


(1) First <rf®?c number — exterior bearing walls 

(2) Seeded arabic mincer — columns, beams, girders, 
arches, supporting bearing walls, columns, 

Dm more than one floor 

(3) TMfdFafabic number — floor construction 

able E.j provides a comparison of the types of construc- 
tiOn for various model building codes. [5000: A.7.2.1.1] 


Table E.3 Cross-Reference of Building Construction Type 


NFPA 5000 

1(442) 

1(332) 

11(222) 

iKiiD 


111(211) 

111(200) 

IV(2HH) 

V(lll) 

V(000) 

UBC 

_ 

I FR 


^II 1 hr 

II N 

III 1 hr 

III N 

IV HT 

V 1 hr 

V N 

B/NBC 

1A 

IB 



, 2C 

3A 

3B 

4 

5A 

5B 

SBC 

I 

11 A 

- 

IV 1 hr^ 

V IV UNP 

V 1 hr 

V UNP 

III 

VI 1 hr 

VI UNP 

IBC 

— 

IA 

Aib 

IIAl 

IIB 

IIIA 

IIIB 

IV 

VA 

VB 


Source: Table A.7.2.1.1 from NFf 

UBC: Uniform Building Code. 

FR: Fire rated. 


hg Construction and Safety Code, 2009 edition. 


N: Nonsprinklered. 

HT: Heavy timber. 

B/NBC: National Building Code. 
SBC: Standard Building Code. 
UNP: Unprotected. 

IBC: International Building Code. 
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Informative Annex F Availability and Reliability for Critical Operations Power Systems; and 
Development and Implementation of Functional Performance Tests (FPTs) for Critical 

Operations Power Systems 


This informative annex is not a part of the requirements of 
this NFPA document but is included for informational pur¬ 
poses only. 

I. Availability and Reliability for Critical Operations 
Power Systems. Critical operations power systems may 
support facilities with a variety of objectives that are vital 
to public safety. Often these objectives are of such critical 
importance that system downtime is costly in terms of eco¬ 
nomic losses, loss of security, or loss of mission. For those 
reasons, the availability of the critical operations power 
system, the percentage of time that the system is in service, 
is important to those facilities. Given a specified level of 
availability, the reliability and maintainability requirements 
are then derived based on that availability requirement. 

Availability. Availability is defined as the percentage of 
time that a system is available to perform its function(s). 
Availability is measured in a variety of ways, including the 
following: 

Availability = 


where: 

MTBF = mean time between failuri 
MTTF = mean time to failure 
MTTR = mean time to repai^ 

See the following tab 
lish required availabilit; 
terns: 



ition power sys- 


Availability 

Hours of Downtime* 

0.9 

876 

0.99 

87.6 

0.999 

8.76 

0.9999 

0.876 

0.99999 

0.0876 

0.999999 

0.00876 

0.9999999 

0.000876 


'Based on a year of 8760 hours. 

Availability of a system in actual operations is deter¬ 
mined by the following: 


(1) The frequency of occurrence of failures. Failures may 
prevent the system from performing its function or may 
cause a degraded effect on system operation. Frequency 
of failures is directly related to the system’s level of 
reliability. 

(2) The time required to restore operations following a sys¬ 
tem failure or the time required to perform maintenance 
to prevent a failure. These times are determined in part 
by the system’s level of maintainability. 

(3) The logistics provided to support maintenance of the 
systejwThe number and availability of spares, mainte- 
ntuice personnel, and other logistics resources (refuel- 
n^etc.) ^robined with the system’s level of maintain¬ 
ability determine the total downtime following a 
system failure. 

Reliability. Reliability is concerned with the probability 
id frequency of failures (or lack of failures). A commonly 
used measure of reliability for repairable systems is MTBF. 
The equivalent measure for nonrepairable items is MTTF. 

pility is more accurately expressed as a probability 
over a given duration of time, cycles, or other parameter. 
For example, the reliability of a power plant might be 
stated as 95 percent probability of no failure over a 1000- 
hour operating period while generating a certain level of 
power. Reliability is usually defined in two ways (the elec¬ 
trical power industry has historically not used these defini¬ 
tions): 

(1) The duration or probability of failure-free performance 
under stated conditions 

(2) The probability that an item can perform its intended 
function for a specified interval under stated conditions 
[For nonredundant items, this is equivalent to the pre¬ 
ceding definition (1). For redundant items this is 
equivalent to the definition of mission reliability.] 

Maintainability. Maintainability is a measure of how 
quickly and economically failures can be prevented through 
preventive maintenance, or system operation can be re¬ 
stored following failure through corrective maintenance. A 
commonly used measure of maintainability in terms of cor¬ 
rective maintenance is the mean time to repair (MTTR). 
Maintainability is not the same thing as maintenance. It is a 
design parameter, while maintenance consists of actions to 
correct or prevent a failure event. 

Improving Availability. The appropriate methods to use 
for improving availability depend on whether the facility is 
being designed or is already in use. For both cases, a 
reliability/availability analysis should be performed to de- 
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termine the availability of the old system or proposed new 
system in order to ascertain the hours of downtime (see the 
preceding table). The AHJ or government agency should 
dictate how much downtime is acceptable. 

Existing facilities: For a facility that is being operated, 
two basic methods are available for improving availability 
when the current level of availability is unacceptable: (1) 
Selectively adding redundant units (e.g., generators, chill¬ 
ers, fuel supply to eliminate sources of single-point failure, 
and (2) optimizing maintenance using a reliability-centered 
maintenance (RCM) approach to minimize downtime. [Re¬ 
fer to NFPA 70B-2010, Recommended Practice for Electri¬ 
cal Equipment Maintenance .] A combination of the previ¬ 
ous two methods can also be implemented. A third very 
expensive method is to redesign subsystems or to replace 
components and subsystems with higher reliability items. 
[Refer to NFPA 70B.] 

New facilities: The opportunity for high availability and 
reliability is greatest when designing a new facility. By 
applying an effective reliability strategy, designing for 
maintainability, and ensuring that manufacturing and com¬ 
missioning do not negatively alfect the inherent levels of 
reliability and maintainability, a highly available facility 
will result. The approach should be as follows: 

(1) Develop and determine a reliability strategy (establish 
goals, develop a system model, design for reliability, 
conduct reliability development testing, caafineP^Ji- 
ability acceptance testing, design sys 
maintain design reliability, maintain design re lb 
in operation). 

(2) Develop a reliability program. This is the application 
of the reliability strategy to a specific system, process, 
or function. Each step in the preceding strategy re¬ 
quires the selection and use of specific methods and 
tools. For example, various tools can be used to de¬ 
velop requirements or evaluate potential failures. To 
derive requirements, analytical models can be used, for 
example, quality function development (a technique for 
deriving more detailed, lower-level requirements from 
one level to another, beginning with mission require¬ 
ments, i.e., customer needs). This model was developed 
as part of the total quality management movement. 
Parametric models can also be used to derive design 
values of reliability from operational values and vice 
versa. Analytical methods include but are not limited to 
things such as thermal analysis, durability analysis, and 
predictions. Finally, one should evaluate possible fail¬ 
ures. A failure modes and effects criticality analysis 
(FMECA) and fault tree analysis (FTA) are two meth¬ 
ods for evaluating possible failures. The mission facil¬ 
ity engineer should determine which method to use or 
whether to use both. 



(3) Identify Reliability Requirements. The entire effort for 
designing for reliability begins with identifying the 
mission critical facility’s reliability requirements. 
These requirements are stated in a variety of ways, 
depending on the customer and the specific system. For 
a mission-critical facility, it would be the mission suc¬ 
cess probability. 

II. Development and Implementation of Functional 
Performance Tests (FPTs) for Critical Operations 
Power Systems Development of FPT 

(1) Submit Functional Performance Tests (FPTs). 

System/component tests or FPTs are developed from sub¬ 
mitted drawings, systems operating documents (SODs), and 
systems operation and maintenance manuals (SOMMs), in¬ 
cluding large comrament testing (i.e., transformers, cable, 
generators, UPS^j and how components operate as part of 
the total system. The commissioning authority develops the 
test and canhofbe the installation contractor (or subcontrac¬ 
tor). 

e equipment/components/systems are installed, 
quality assuj^pce procedures are administered to verify that 
components ^are installed in accordance with minimum 
manufacturers’ recommendations, safety codes, and accept- 
installation practices. Quality assurance discrepancies 
are then identified and added to a “commissioning action 
hst^that timst be rectified as part of the commissioning 
ogram. These items would usually be discussed during 
'mmissioning meetings. Discrepancies are usually identi- 
initially by visual inspection. 

(2) Review FPTs. The tests must be reviewed by the 
customer, electrical contractors, quality assurance person¬ 
nel, maintenance personnel, and other key personnel (the 
commissioning team). Areas of concern include, among 
others, all functions of the system being tested, all major 
components included, whether the tests reflect the system 
operating documents, and verification that the tests make 
sense. 

(3) Make Changes to FPTs as Required. The commis¬ 
sioning authority then implements the corrections, ques¬ 
tions answered, and additions. 

(4) FPTs Approval. After the changes are made to the 
FPTs, they are submitted to the commissioning team. When 
it is acceptable, the customer or the designated approval 
authority approves the FPTs. It should be noted that even 
though the FPT is approved, problems that arise during the 
test (or areas not covered) must be addressed. 

Testing Implementation for FPTs. The final step in 
the successful commissioning plan is testing and proper 
execution of system-integrated tests. 

(1) Systems Ready to Operate. The FPTs can be 
implemented as various systems become operative (i.e., test 
for the generator system) or when the entire system is in¬ 
stalled. However, the final “pull the plug” test is performed 
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only after all systems are completely installed. If the elec¬ 
trical contractor (or subcontractor) implements the FPTs, a 
witness must initial each step of the test. The electrical 
contractor cannot employ the witness directly or indirectly. 

(2) Perform Tests (FPTs). If the system fails the test, 
the problem must be resolved and the equipment or system 
retested or the testing requirements re-analyzed until suc¬ 


cessful tests are witnessed. Once the system or equipment 
passes testing, it is verified by designated commissioning 
official. 

(3) Customer Receives System. After all tests are com¬ 
pleted (including the “pull the plug” test), the system is 
turned over to the customer. 
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Informative Annex G Supervisory Control and Data Acquisition (SCADA) 


This informative annex is not a part of the requirements of 
this NFPA document, but is included for informational pur¬ 
poses only. 

(A) General. Where provided, the general requirements in 
(A)(1) through (A)(ll) shall apply to SCADA systems. The 
SCADA system for the COPS loads shall be separate from 
the building management SCADA system. No single point 
failure shall be able to disable the SCADA system. 

(1) The SCADA system for the COPS loads shall be sepa¬ 
rate from the building management SCADA system. 

(2) No single point failure shall be able to disable the 
SCADA system. 

(3) The SCADA system shall be permitted to provide 
control and monitor electrical and mechanical utility 
systems related to mission critical loads, including, 
but not limited to the following: 

a. The fire alarm system 

b. The security system 

c. Power distribution 

d. Power generation 

e. HVAC and ventilation (damper position, airflow 
speed and direction) 

f. Load shedding 

g. Fuel levels or hours of operation 

(4) Before installing or employing a SCAD? an 

operations and maintenance analysis and >s- 

ment shall be performed to provide tfSH ce 

parameter data 

(5) A redundant system shall be provided in 
or hot standby. 

(6) The controller shall be a program ogic control¬ 

ler (PLC). 



(B) Power Supply. The SCADA system power supply 

shall comply with (B)(1) through (B)(3): 

(1) The power supply shall be provided with a direct- 
current station battery system, rated between 24 and 
125 volts dc, with a 72-hour capacity. 

(2) The batteries of the SCADA system shall be separate 
from the batteries for other electrical systems. 

(3) The power supply shall be provided with a properly 
installed surge-protective device (TVSS) at its termi¬ 
nals with a direct low-impedance path to ground. Pro¬ 
tected and unprotected circuits shall be physically sepa¬ 
rated to preventcoupling. 

(C) Security Against Hazards. Security against hazards 

shall be provided in accordance with (C)(1) through (C)(6): 

(1) CcMitrollcd physical access by authorized personnel to 
only the s^tem operational controls and software shall 
be provided. 

(2) Tff© SCADA system shall be protected against dust, 
dirt,'watg\ and other contaminants by specifying enclo- 

priate for the environment, 
nd tubing shall not violate the integrity of the 
SCADA system enclosure. 

) The SCADA system shall be located in the same secure 
locations as the secured systems that they monitor and 
control. 

(5) The SCADA system shall be provided with dry agent 
fire protection systems or double interlocked preaction 
sprinkler systems using cross-zoned detection, to mini¬ 
mize the threat of accidental water discharge into un¬ 
protected equipment. The fire protection systems shall 
be monitored by the fire alarm system in accordance 
with NFPA 72- 2010, National Fire Alarm and Signal¬ 
ing Code. 


(7) The SCADA system shall utilize open, not propri¬ 
etary, protocols. 

(8) The SCADA system shall be able to assess the dam¬ 
age and determine system integrity after the “event.” 

(9) The monitor display shall provide graphical user in¬ 
terface for all major components monitored and con¬ 
trolled by the SCADA system, with color schemes 
readily recognized by the typical user. 

(10) The SCADA system shall have the capability to pro¬ 
vide storage of critical system parameters at a 15- 
minute rate or more often when out-of-limit condi¬ 
tions exist. 

(11) The SCADA system shall have a separate data storage 
facility not located in the same vicinity. 


(6) The SCADA system shall not be connected to other 
network communications outside the secure locations 
without encryption or use of fiber optics. 

(D) Maintenance and Testing. SCADA systems shall be 
maintained and tested in accordance with (D)(1) and 
(D)(2). 

(1) Maintenance. The maintenance program for SCADA 
systems shall consist of the following components: 

(1) A documented preventive maintenance program 

(2) Concurrent maintenance capabilities, to allow the test¬ 
ing, troubleshooting, repair, and/or replacement of a 
component or subsystem while redundant compo¬ 
nents) or subsystem(s) are serving the load 
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(3) Retention of operational data — the deleted material 
goes well beyond requirements to ensure proper main¬ 
tenance and operation 

(2) Testing. SCADA systems shall be tested periodically 
under actual or simulated contingency conditions. 

Informational Note No. 1: Periodic system testing proce¬ 
dures can duplicate or be derived from the recommended 


functional performance testing procedures of individual 
components, as provided by the manufacturers. 

Informational Note No. 2: For more information on main¬ 
tenance and testing of SCADA, see NFPA 70B-2010, Rec¬ 
ommended Practice for Electrical Equipment Maintenance. 
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Informative Annex H Administration and Enforcement 


Informative Annex H is not a part of the requirements of 
this NFPA document and is included for informational pur¬ 
poses only. This informative annex is informative unless 
specifically adopted by the local jurisdiction adopting the 
National Electrical Code®. 


80.7 Title. The title of this Code shall be NFPA 70, Na¬ 
tional Electrical Code®, of the National Fire Protection 
Association. The short title of this Code shall be the NEC?®. 


80.1 Scope. The following functions are covered: 

(1) The inspection of electrical installations as covered by 

90.2 

(2) The investigation of fires caused by electrical installa¬ 
tions 

(3) The review of construction plans, drawings, and speci¬ 
fications for electrical systems 

(4) The design, alteration, modification, construction, 
maintenance, and testing of electrical systems and 
equipment 

(5) The regulation and control of electrical installations at 
special events including but not limited to exhibits 
trade shows, amusement parks, and other similar spe¬ 
cial occupancies 


80.2 Definitions. 

Authority Having Jurisdiction. The org 

fice, or individual responsible for approving 
materials, an installation, or a procedure 

Chief Electrical Inspector. An electrical inspector^/ho 
either is the authority having jurisdiction or is Jesignated 
by the authority having jurisdictiort^kd is responsible for 
administering the requirements of th\s Code. 

Electrical Inspector. An individual^meeting the re¬ 
quirements of 80.27 and authorized to perform electrical 
inspections. 


80.3 Purpose. The purpose of this article shall be to pro¬ 
vide requirements for administration and enforcement of 
the National Electrical Code. 


80.5 Adoption. Article 80 shall not apply unless specifi¬ 
cally adopted by the local jurisdiction adopting the Na¬ 
tional Electrical Code. 


80.9 Application. 

(A) New Installations. This Code applies to new installa¬ 
tions. Buildings with construction permits dated after adop¬ 
tion of this Code shall comply with its requirements. 


ons. Existing electrical installations 
w ith the provisions of this Code shall be 



(B) Existing Inst: 

that do not comply 
permitted to becontinued in use unless the authority having 
jurisdictimadetermines that the lack of conformity with this 
Code presents an imminent danger to occupants. Where 
champs are required for collection of hazards, a reasonable 
amount of time shall be given for compliance, depending 
on the degree of the hazard. 

Alterations, or Repairs. Additions, alter- 
attons, or repnrs to any building, structure, or premises 
sh*r conform to that required of a new building without 
quiring the existing building to comply with all the re¬ 
quirements of this Code. Additions, alterations, installa- 
s, or repairs shall not cause an existing building to be- 
ome unsafe or to adversely affect the performance of the 
building as determined by the authority having jurisdiction. 
Electrical wiring added to an existing service, feeder, or 
branch circuit shall not result in an installation that violates 
the provisions of the Code in force at the time the additions 
are made. 

80.11 Occupancy of Building or Structure. 

(A) New Construction. No newly constructed building 
shall be occupied in whole or in part in violation of the 
provisions of this Code. 

(B) Existing Buildings. Existing buildings that are occu¬ 
pied at the time of adoption of this Code shall be permitted 
to remain in use provided the following conditions apply: 

(1) The occupancy classification remains unchanged 

(2) There exists no condition deemed hazardous to life or 
property that would constitute an imminent danger 

80.13 Authority. Where used in this article, the term au¬ 
thority having jurisdiction shall include the chief electrical 
inspector or other individuals designated by the governing 
body. This Code shall be administered and enforced by the 
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authority having jurisdiction designated by the governing 
authority as follows. 

(1) The authority having jurisdiction shall be permitted to 
render interpretations of this Code in order to provide 
clarification to its requirements, as permitted by 90.4. 

(2) When the use of any electrical equipment or its instal¬ 
lations is found to be dangerous to human life or prop¬ 
erty, the authority having jurisdiction shall be empow¬ 
ered to have the premises disconnected from its 
source of electric supply, as established by the Board. 
When such equipment or installation has been so con¬ 
demned or disconnected, a notice shall be placed 
thereon listing the causes for the condemnation, the 
disconnection, or both, and the penalty under 80.23 
for the unlawful use thereof. Written notice of such 
condemnation or disconnection and the causes there¬ 
for shall be given within 24 hours to the owners, the 
occupant, or both, of such building, structure, or pre¬ 
mises. It shall be unlawful for any person to remove 
said notice, to reconnect the electrical equipment to its 
source of electric supply, or to use or permit to be 
used electric power in any such electrical equipment 
until such causes for the condemnation or disconnec¬ 
tion have been remedied to the satisfaction of 
spection authorities. 

(3) The authority having jurisdiction shall be permittl 
delegate to other qualified individual^ 
necessary for the proper administj 
ment of this Code. 

(4) Police, fire, and other enforcemei 
authority to render nece ssary ass 
forcement of this Code, 
authority having jurisdiction 

(5) The authority having jurisdiction shall be authorized 
to inspect, at all reasonable times, any building or 
premises for dangerous or hazardous conditions or 
equipment as set forth in this Code. The authority 
having jurisdiction shall be permitted to order any 
person(s) to remove or remedy such dangerous or haz¬ 
ardous condition or equipment. Any person(s) failing 
to comply with such order shall be in violation of this 
Code. 

(6) Where the authority having jurisdiction deems that 
conditions hazardous to life and property exist, he or 
she shall be permitted to require that such hazardous 
conditions in violation of this Code be corrected. 

(7) To the full extent permitted by law, any authority hav¬ 
ing jurisdiction engaged in inspection work shall be 
authorized at all reasonable times to enter and exam¬ 
ine any building, structure, or premises for the pur¬ 
pose of making electrical inspections. Before entering 
a premises, the authority having jurisdiction shall ob¬ 
tain the consent of the occupant thereof or obtain a 




in the en- 
o so by the 


court warrant authorizing entry for the purpose of in¬ 
spection except in those instances where an emer¬ 
gency exists. As used in this section, emergency 
means circumstances that the authority having juris¬ 
diction knows, or has reason to believe, exist and that 
reasonably can constitute immediate danger to per¬ 
sons or property. 

(8) Persons authorized to enter and inspect buildings, 
structures, and premises as herein set forth shall be 
identified by proper credentials issued by this govern¬ 
ing authority. 

(9) Persons shall not interfere with an authority having 
jurisdiction carrying out any duties or functions pre¬ 
scribed by this Code. 

(10) Persons jjjjall not use a badge, uniform, or other cre¬ 
dentials to impersonate the authority having jurisdic¬ 
tion 

authority having jurisdiction shall be permitted to 
investigate the cause, origin, and circumstances of any 
fire, explosion, or other hazardous condition. 

authority having jurisdiction shall be permitted to 
Jjuire plans and specifications to ensure compliance 
with this Code. 

enever any installation subject to inspection prior 
tiTfftse is covered or concealed without having first 
een inspected, the authority having jurisdiction shall 
be permitted to require that such work be exposed for 
inspection. The authority having jurisdiction shall be 
notified when the installation is ready for inspection 
and shall conduct the inspection within_days. 

(14) The authority having jurisdiction shall be permitted to 
order the immediate evacuation of any occupied 
building deemed unsafe when such building has haz¬ 
ardous conditions that present imminent danger to 
building occupants. 

(15) The authority having jurisdiction shall be permitted to 
waive specific requirements in this Code or permit 
alternative methods where it is assured that equivalent 
objectives can be achieved by establishing and main¬ 
taining effective safety. Technical documentation shall 
be submitted to the authority having jurisdiction to 
demonstrate equivalency and that the system, method, 
or device is approved for the intended purpose. 

(16) Each application for a waiver of a specific electrical 
requirement shall be filed with the authority having 
jurisdiction and shall be accompanied by such evi¬ 
dence, letters, statements, results of tests, or other sup¬ 
porting information as required to justify the request. 
The authority having jurisdiction shall keep a record 
of actions on such applications, and a signed copy of 
the authority having jurisdiction’s decision shall be 
provided for the applicant. 
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80.15 Electrical Board. 

(A) Creation of the Electrical Board. There is hereby 

created the Electrical Board of the _ of 

_, hereinafter designated as the Board. 

(B) Appointments. Board members shall be appointed by 
the Governor with the advice and consent of the Senate (or 
by the Mayor with the advice and consent of the Council, 
or the equivalent). 


of 4 years or until a successor is appointed. The Chair of 

the Board shall be appointed for a term not to exceed_ 

years. 

(D) Compensation. Each appointed member shall receive 

the sum of_dollars ($_) for each day during 

which the member attends a meeting of the Board and, in 
addition thereto, shall be reimbursed for direct lodging, 
travel, and meal expenses as covered by policies and pro¬ 
cedures established by the jurisdiction. 


(1) Members of the Board shall be chosen in a manner to 
reflect a balanced representation of individuals or orga¬ 
nizations. The Chair of the Board shall be elected by 
the Board membership. 

(2) The Chief Electrical Inspector in the jurisdiction adopt¬ 
ing this Article authorized in (B)(3)(a) shall be the non¬ 
voting secretary of the Board. Where the Chief Electri¬ 
cal Inspector of a local municipality serves a Board at a 
state level, he or she shall be permitted to serve as a 
voting member of the Board. 

(3) The board shall consist of not fewer than five voting 
members. Board members shall be selected from the 
following: 

a. Chief Electrical Inspector from a local government 
(for State Board only) 

b. An electrical contractor operating in the jurisdiction 

c. A licensed professional engineer engaged 
in the design or maintenance of electric 
tions 

d. A journeyman electrician 

(4) Additional membership shall be selected 
lowing: 

a. A master (supervising) electrician 

b. The Fire Marshal (or Fire Chief) 

c. A representative of the property/casualt; 
industry 

d. A representative of an electric p tility operat¬ 
ing in the jurisdiction 

e. A representative of electrical manufacturers prima¬ 
rily and actively engaged in producing materials, 
fittings, devices, appliances, luminaires, or appara¬ 
tus used as part of or in connection with electrical 
installations 

f. A member of the labor organization that represents 
the primary electrical workforce 

g. A member from the public who is not affiliated with 
any other designated group 

h. A representative of a telecommunications utility op¬ 
erating in the jurisdiction 

(C) Terms. Of the members first appointed, _ shall 

be appointed for a term of 1 year, _for a term of 2 

years,_for a term of 3 years, and_for a term of 

4 years, and thereafter each appointment shall be for a term 


nsurance 




(E) Quorum. A quorum as established by the Board op¬ 
erating procedures shall be required to conduct Board busi¬ 
ness. The Board shall hold such meetings as necessary to 
carry out the purposes of Article 80. The Chair or a major¬ 
ity of the members of the Board shall have the authority to 
call meetings of thj^Board. 

(F) Duties. It shall be the duty of the Board to perform the 
following: 

(1) Adopt the necessary rules and regulations to administer 
fenforce Article 80. 

gtablish qualifications of electrical inspectors. 

Revoke or suspend the recognition of any inspector’s 
certificate for the jurisdiction, 
fter advance notice of the public hearings and the 
~ ‘ of such hearings, as established by law, the 
s authorized to establish and update the provi¬ 
sions for the safety of electrical installations to conform 
to the current edition of the National Electrical Code 
(NFPA 70) and other nationally recognized safety stan¬ 
dards for electrical installations. 

(5) Establish procedures for recognition of electrical safety 
standards and acceptance of equipment conforming to 
these standards. 

(G) Appeals. 

(1) Review of Decisions. Any person, firm, or corporation 
may register an appeal with the Board for a review of 
any decision of the Chief Electrical Inspector or of any 
Electrical Inspector, provided that such appeal is made 
in writing within fifteen (15) days after such person, 
firm, or corporation shall have been notified. Upon re¬ 
ceipt of such appeal, said Board shall, if requested by 
the person making the appeal, hold a public hearing 
and proceed to determine whether the action of the 
Board, or of the Chief Electrical Inspector, or of the 
Electrical Inspector complies with this law and, within 
fifteen (15) days after receipt of the appeal or after 
holding the hearing, shall make a decision in accor¬ 
dance with its findings. 

(2) Conditions. Any person shall be permitted to appeal a 
decision of the authority having jurisdiction to the 
Board when it is claimed that any one or more of the 
following conditions exist: 
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a. The true intent of the codes or ordinances described 
in this Code has been incorrectly interpreted. 

b. The provisions of the codes or ordinances do not 
fully apply. 

c. A decision is unreasonable or arbitrary as it applies 
to alternatives or new materials. 

(3) Submission of Appeals. A written appeal, outlining the 
Code provision from which relief is sought and the 
remedy proposed, shall be submitted to the authority 
having jurisdiction within 15 calendar days of notifica¬ 
tion of violation. 


permit holder as specified by the authority having 
jurisdiction. 

(B) Content. Permits shall be issued by the authority hav¬ 
ing jurisdiction and shall bear the name and signature of the 
authority having jurisdiction or that of the authority having 
jurisdiction’s designated representative. In addition, the 
permit shall indicate the following: 

(1) Operation or activities for which the permit is issued 

(2) Address or location where the operation or activity is to 
be conducted 


(H) Meetings and Records. Meetings and records of the 
Board shall conform to the following: 

(I) Meetings of the Board shall be open to the public as 
required by law. 

(2) Records of meetings of the Board shall be available for 
review during normal business hours, as required by 
law. 

80.17 Records and Reports. The authority having juris¬ 
diction shall retain records in accordance with (A) and (B). 

(A) Retention. The authority having jurisdictiom^hall 
keep a record of all electrical inspections, including the 
date of such inspections and a summary of any violations 
found to exist, the date of the services of notices, a: 
record of the final disposition of all violations. All.requi 
records shall be maintained until their usefulness has heel 
served or as otherwise required by 1: 

(B) Availability. A record of examinations, .approx als. and 
variances granted shall be maintained by the authority hav¬ 
ing jurisdiction and shall be available for publ^^eview as 
prescribed by law during normal business,hours. 


80.19 Permits and Approval? 

shall conform to (A) through (H). 


Its and approvals 


(A) Application. 

(1) Activity authorized by a permit issued under this Code 
shall be conducted by the permittee or the permittee’s 
agents or employees in compliance with all require¬ 
ments of this Code applicable thereto and in accor¬ 
dance with the approved plans and specifications. No 
permit issued under this Code shall be interpreted to 
justify a violation of any provision of this Code or any 
other applicable law or regulation. Any addition or al¬ 
teration of approved plans or specifications shall be 
approved in advance by the authority having jurisdic¬ 
tion, as evidenced by the issuance of a new or amended 
permit. 

(2) A copy of the permit shall be posted or otherwise 
readily accessible at each work site or carried by the 


(3) Name and address of the permittee 

(4) Permit number and date of issuance 

(5) Period of validity of the permit 

(6) Inspection Requirements 




(C) Issuance of Permits. The authority having jurisdic¬ 
tion shall be authorized to establish and issue permits, cer¬ 
tificates, notices, and approvals, or orders pertaining to 

ctrical safety hazards pursuant to 80.23, except that no 
ermit .shall be requffed to execute any of the classes of 
lectrical work specified in the following: 

nstallation or replacement of equipment such as lamps 
of electric utilization equipment approved for con¬ 
nection to suitable permanently installed receptacles. 

placement of flush or snap switches, fuses, lamp 
sockets, and receptacles, and other minor maintenance 
and repair work, such as replacing worn cords and 
tightening connections on a wiring device 
(2) The process of manufacturing, testing, servicing, or re¬ 
pairing electrical equipment or apparatus 

(D) Annual Permits. In lieu of an individual permit for 
each installation or alteration, an annual permit shall, upon 
application, be issued to any person, firm, or corporation 
regularly employing one or more employees for the instal¬ 
lation, alteration, and maintenance of electrical equipment 
in or on buildings or premises owned or occupied by the 
applicant for the permit. Upon application, an electrical 
contractor as agent for the owner or tenant shall be issued 
an annual permit. The applicant shall keep records of all 
work done, and the records shall be transmitted periodically 
to the Electrical Inspector. [ROP 1-189] 

(E) Fees. Any political subdivision that has been provided 
for electrical inspection in accordance with the provisions 
of Article 80 may establish fees that shall be paid by the 
applicant for a permit before the permit is issued. 

(F) Inspection and Approvals. 

(1) Upon the completion of any installation of electrical 
equipment that has been made under a permit other 
than an annual permit, it shall be the duty of the person, 
firm, or corporation making the installation to notify 
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the Electrical Inspector having jurisdiction, who shall 
inspect the work within a reasonable time. 

(2) Where the Inspector finds the installation to be in con¬ 
formity with the statutes of all applicable local ordi¬ 
nances and all rules and regulations, the Inspector shall 
issue to the person, firm, or corporation making the 
installation a certificate of approval, with duplicate 
copy for delivery to the owner, authorizing the connec¬ 
tion to the supply of electricity and shall send written 
notice of such authorization to the supplier of electric 
service. When a certificate of temporary approval is 
issued authorizing the connection of an installation, 
such certificates shall be issued to expire at a time to be 
stated therein and shall be revocable by the Electrical 
Inspector for cause. 

(3) When any portion of the electrical installation within 

the jurisdiction of an Electrical Inspector is to be hid¬ 
den from view by the permanent placement of parts of 
the building, the person, firm, or corporation installing 
the equipment shall notify the Electrical Inspector, and 
the equipment shall not be concealed until it has been 
approved by the Electrical Inspector or until 
days have elapsed from the time of such notification, 
provided that on large installations, where the conceal 
ment of equipment proceeds continuously, the person, 
firm, or corporation installing the equipment shall give 
the Electrical Inspector due notice in ad vane 
spections shall be made periodically /j§i je 

progress of the work. [ROP 1-189] 

(4) At regular intervals, the Electrical Inspei 
risdiction shall visit all buildings and premises where 
work may be done under annual permits and shall in¬ 
spect all electrical equipment installed undek suen^pfer- 
mits since the date of the previous inspection. The 
Electrical Inspector shall issu^l certificate of approval 
for such work as is found to be in conformity with the 
provisions of Article 80 and all applicable ordinances, 
orders, rules, and regulations, after payments of all re¬ 
quired fees. 

(5) If, upon inspection, any installation is found not to be 
fully in conformity with the provisions of Article 80, 
and all applicable ordinances, rules, and regulations, 
the Inspector making the inspection shall at once for¬ 
ward to the person, firm, or corporation making the 
installation a written notice stating the defects that have 
been found to exist. 

(G) Revocation of Permits. Revocation of permits shall 

conform to the following: 

(1) The authority having jurisdiction shall be permitted to 
revoke a permit or approval issued if any violation of 
this Code is found upon inspection or in case there 
have been any false statements or misrepresentations 



submitted in the application or plans on which the per¬ 
mit or approval was based. 

(2) Any attempt to defraud or otherwise deliberately or 
knowingly design, install, service, maintain, operate, 
sell, represent for sale, falsify records, reports, or ap¬ 
plications, or other related activity in violation of the 
requirements prescribed by this Code shall be a viola¬ 
tion of this Code. Such violations shall be cause for 
immediate suspension or revocation of any related li¬ 
censes, certificates, or permits issued by this jurisdic¬ 
tion. In addition, any such violation shall be subject to 
any other criminal or civil penalties as available by the 
laws of this jurisdiction. 

(3) Revocation shall be constituted when the permittee is 
duly notified by the authority having jurisdiction. 

(4) Any person vvho' engages in any business, operation, or 
occupation, or uses any premises, after the permit is¬ 
sued therefor has been suspended or revoked pursuant 
to the provisions okthis Code, and before such sus- 

permit has been reinstated or a new permit is- 
e in violation of this Code. 
shall be predicated upon compliance with the 
ents of this Code and shall constitute written 
j^sued by the authority having jurisdiction to 
ical equipment. Any permit issued under 
te shall not take the place of any other license 
or permit required by other regulations or laws of this 
jurisdiction. 

The authority having jurisdiction shall be permitted to 
require an inspection prior to the issuance of a permit. 

(7) A permit issued under this Code shall continue until 
revoked or for the period of time designated on the 
permit. The permit shall be issued to one person or 
business only and for the location or purpose described 
in the permit. Any change that affects any of the con¬ 
ditions of the permit shall require a new or amended 
permit. 

(H) Applications and Extensions. Applications and ex¬ 
tensions of permits shall conform to the following: 

(I) The authority having jurisdiction shall be permitted to 
grant an extension of the permit time period upon pre¬ 
sentation by the permittee of a satisfactory reason for 
failure to start or complete the work or activity autho¬ 
rized by the permit. 

(2) Applications for permits shall be made to the authority 
having jurisdiction on forms provided by the jurisdic¬ 
tion and shall include the applicant’s answers in full to 
inquiries set forth on such forms. Applications for per¬ 
mits shall be accompanied by such data as required by 
the authority having jurisdiction, such as plans and 
specifications, location, and so forth. Fees shall be de¬ 
termined as required by local laws. 
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trance to such premises and the order or notice shall be 
mailed by registered or certified mail, with return re¬ 
ceipt requested, to the last known address of the owner, 
occupant, or both. 

(B) Penalties. 

(1) Any person who fails to comply with the provisions of 
this Code or who fails to carry out an order made pur¬ 
suant to this Code or violates any condition attached to 
a permit, approval, or certificate shall be subject to the 
penalties established by this jurisdiction. 

(2) Failure to comply with the time limits of an abatement 
notice or other corrective notice issued by the authority 
having jurisdiction shall result in each day that such 
violation continues being regarded as a new and sepa¬ 
rate 

firm, or corporation who shall willfully 
kof the applicable provisions of this article 
|£>f a misdemeanor and, upon conviction 
punished by a fine of not less than 

dollars 



) or more than 


) for each offense, together with the costs of 


irosecution. imprisonment, or both, for not less than 
(_) days or more than_ 


(3) The authority having jurisdiction shall review all appli¬ 
cations submitted and issue permits as required. If an 
application for a permit is rejected by the authority 
having jurisdiction, the applicant shall be advised of 
the reasons for such rejection. Permits for activities 
requiring evidence of financial responsibility by the ju¬ 
risdiction shall not be issued unless proof of required 
financial responsibility is furnished. 

80.21 Plans Review. Review of plans and specifications 
shall conform to (A) through (C). 

(A) Authority. For new construction, modification, or re¬ 
habilitation, the authority having jurisdiction shall be per¬ 
mitted to review construction documents and drawings. 

(B) Responsibility of the Applicant. It shall be the re¬ 
sponsibility of the applicant to ensure the following: 

(1) The construction documents include all of the electrical 
requirements. 

(2) The construction documents and drawings are correct 
and in compliance with the applicable codes and 
standards. 

(C) Responsibility of the Authority Having Jurisc^ctiM^ 

It shall be the responsibility of the authority having juris¬ 
diction to promulgate rules that cover the following: 

(1) Review of construction documents and drawings sImM 
be completed within established time frames for the 
purpose of acceptance or to provide reasons foMionac¬ 
ceptance. 

(2) Review and approval by the authority having jurisdic¬ 

tion shall not relieve the applicant of the responsibility 
of compliance with thj wCode. \ \ 

(3) Where field conditioj^knecessitate any substantial 
change from the approved plan, the authority having 
jurisdiction shall be permitted to require that the cor¬ 
rected plans be submitted for approval. 

80.23 Notice of Violations, Penalties. Notice of viola¬ 
tions and penalties shall conform to (A) and (B). 

(A) Violations. 

(1) Whenever the authority having jurisdiction determines 
that there are violations of this Code , a written notice 
shall be issued to confirm such findings. 

(2) Any order or notice issued pursuant to this Code shall 
be served upon the owner, operator, occupant, or other 
person responsible for the condition or violation, either 
by personal service or mail or by delivering the same 
to, and leaving it with, some person of responsibility 
upon the premises. For unattended or abandoned loca¬ 
tions, a copy of such order or notice shall be posted on 
the premises in a conspicuous place at or near the en¬ 


80.25 Connection to Electricity Supply. Connections to 
the electric supply shall conform to (A) through (E). 

(A) Authorization. Except where work is done under an 
annual permit and except as otherwise provided in 80.25, it 
shall be unlawful for any person, firm, or corporation to 
make connection to a supply of electricity or to supply 
electricity to any electrical equipment installation for which 
a permit is required or that has been disconnected or or¬ 
dered to be disconnected. 

(B) Special Consideration. By special permission of the 
authority having jurisdiction, temporary power shall be per¬ 
mitted to be supplied to the premises for specific needs of 
the construction project. The Board shall determine what 
needs are permitted under this provision. 

(C) Notification. If, within_business days after the 

Electrical Inspector is notified of the completion of an in¬ 
stallation of electric equipment, other than a temporary ap¬ 
proval installation, the Electrical Inspector has neither au¬ 
thorized connection nor disapproved the installation, the 
supplier of electricity is authorized to make connections 
and supply electricity to such installation. 

(D) Other Territories. If an installation or electric equip¬ 
ment is located in any territory where an Electrical Inspec¬ 
tor has not been authorized or is not required to make 
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inspections, the supplier of electricity is authorized to make 
connections and supply electricity to such installations. 

(E) Disconnection. Where a connection is made to an in¬ 
stallation that has not been inspected, as outlined in the 
preceding paragraphs of this section, the supplier of elec¬ 
tricity shall immediately report such connection to the 
Chief Electrical Inspector. If, upon subsequent inspection, it 
is found that the installation is not in conformity with the 
provisions of Article 80, the Chief Electrical Inspector shall 
notify the person, firm, or corporation making the installa¬ 
tion to rectify the defects and, if such work is not com¬ 
pleted within fifteen (15) business days or a longer period 
as may be specified by the Board, the Board shall have the 
authority to cause the disconnection of that portion of the 
installation that is not in conformity. 

80.27 Inspector’s Qualifications. 

(A) Certificate. All electrical inspectors shall be certified 
by a nationally recognized inspector certification program 
accepted by the Board. The certification program shall spe¬ 
cifically qualify the inspector in electrical inspections. No 
person shall be employed as an Electrical Inspector unless 
that person is the holder of an Electrical Inspector’s certifi 
cate of qualification issued by the Board, except that any 
person who on the date on which this law went into effect 
was serving as a legally appointed Electrical In&gicttJK, of 

_shall, upon application and payme: 

scribed fee and without examination, be iss 
certificate permitting him or her to continue 
Electrical Inspector in the same terrifij 

(B) Experience. Electrical ins 
onstrate the following: 

(1) Have a demonstrated knowle 
rials and methods used in the ? 
equipment 

(2) Be well versed in the approved methods of construction 
for safety to persons and property 

(3) Be well versed in the statutes of_relating to 

electrical work and the National Electrical Code, as 
approved by the American National Standards Institute 


(4) Have had at least. 
cal Inspector or _ 



rd mate- 
electric 


_ years’ experience as an Electri- 
years in the installation of elec¬ 
trical equipment. In lieu of such experience, the appli¬ 
cant shall be a graduate in electrical engineering or of a 
similar curriculum of a college or university considered 
by the Board as having suitable requirements for gradu¬ 
ation and shall have had two years’ practical electrical 
experience. 

(C) Recertification. Electrical inspectors shall be recerti¬ 
fied as established by provisions of the applicable certifica¬ 
tion program. 

(D) Revocation and Suspension of Authority. The Board 
shall have the authority to revoke an inspector’s authority 
to conduct inspections within a jurisdiction. 

80.29 Liability for Damages. Article 80 shall not be con¬ 
strued to affect the responsibility or liability of any party 
owning, Resigning, operating, controlling, or installing any 
Equipment for damages to persons or property 

feet therein. hfir shall the_or any of its 

eld as assuming any such liability by reason 
lion, reinspection, or other examination autho- 




1 Validity. If any section, subsection, sentence, 
ause, or phrase of Article 80 is for any reason held to be 
onstitutional, such decision shall not affect the validity 
the remaining portions of Article 80. 


80.33 Repeal of Conflicting Acts. All acts or parts of acts 
in conflict with the provisions of Article 80 are hereby 
repealed. 


80.35 Effective Date. Article 80 shall take effect 
_(_) days after its passage and publica¬ 
tion. 
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Informative Annex I Recommended Tightening Torque Tables from UL Standard 486A-B 


This informative annex is not a part of the requirements of 
this NFPA documen t, but is included for informational pur¬ 
poses only. 

In the absence of connector or equipment manufacturer’s 
recommended torque values, Table 1.1, Table 1.2, and Table 
1.3 may be used to correctly tighten screw-type connections 
for power and lighting circuits*. Control and signal circuits 
may require different torque values, and the manufacturer 
should be contacted for guidance. 


*For proper termination of conductors, it is very impor¬ 
tant that field connections be properly tightened. In the 
absence of manufacturer’s instructions on the equipment, 
the torque values given in these tables are recommended. 
Because it is normal for some relaxation to occur in ser¬ 
vice, checking torque values sometime after installation is 
not a reliable means of determining the values of torque 
applied at installation. 


Table 1.1 Tightening Torque for Screws [ROP 1-191] 


Test Conductor Installed in Connector 


AWG or kemil 


Tightening 


le, N-m (lbf-in.) 


Slotted 


Slot width 1.2 mm 
(0.047 in.) or less and 
slot length 6.4 mm (Vi 
in.) or less 


er 1.2 mm 
slot length 
(1.4 in.) 



10 and larger" 


Split-I 

olt connectors 

Other connectors 

9.0 

(80) 

8.5 

(75) 

9.0 

(80) 

8.5 

(75) 

18.5 

(165) 

12.4 

(110) 

31.1 

(275) 

16.9 

(150) 

31.1 

(275) 

16.9 

(150) 

31.1 

(275) 

16.9 

(150) 

43.5 

(385) 

20.3 

(180) 

56.5 

(500) 

28.2 

(250) 

73.4 

(650) 

36.7 

(325) 

93.2 

(825) 

36.7 

(325) 

93.2 

(825) 

42.4 

(375) 

113.0 

(1000) 

42.4 

(375) 

124.3 

(1100) 

56.5 

(500) 

124.3 

(1100) 

67.8 

(600) 


30-10 

0.05-5.3 

2.3 

(20) 

8 

8.4 

2.8 

(25) 

6—4 

13.2-21.2 

4.0 

(35) 

3 

26.7 

4.0 

(35) 

2 

33.6 

4.5 

(401 


1 

1 / 0 - 2/0 

V0-4/0 

250-350 

400 

500 

600-750 

800-1000 

1250-2000 


"For values of slot width or len; 
is the nominal design value 



se specified, select the largest torque value associated with the conductor size. Slot width 
at the bottom of the slot. 


Table 1.2 Tightening Torque'Sj#j§lotted Head Screws Smaller Than No. 10 Intended for Use with 8 AWG (8.4 mm 2 ) or Smaller 
Conductors [ROP 1-191] 


Slot Length of Screw" 

Tightening Torque, N-m (lbf-in.) 

Slot width of screw smaller than 
1.2 mm (0.047 in.) b 

Slot width of screw 1.2 mm 
(0.047 in.) and larger 1 ’ 

mm 

in. 

Less than 4 

Less than V 32 

0.79 (7) 

1.0 (9) 

4 

V 32 

0.79 (7) 

1.4 (12) 

4.8 

3 /l6 

0.79 (7) 

1.4 (12) 

5.5 

V32 

0.79 (7) 

1.4 (12) 

6.4 

Vi 

1.0 (9) 

1.4 (12) 

7.1 

%2 


1.7(15) 

Above 7.1 

Above %2 


2.3 (20) 


"For slot lengths of intermediate values, select torques pertaining to next shorter slot lengths. Also, see 9.1.9.6 of UL 486A-2003 for screws with 
multiple tightening means. Slot length shall be measured at the bottom of the slot. 
b Slot width is the nominal design value. 
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Table 1.3 Tightening Torque for Screws with Recessed Allen or Square Drives [ROP 1-191] 


Socket Width Across Flats” 

Tightening Torque, N-m (lbf-in.) 

mm 

in. 

3.2 

Vs 

5.1 

(45) 

4.0 

S /$2 

11.3 

(100) 

4.8 

3 /l6 

13.5 

(120) 

5.5 

%2 

16.9 

(150) 

6.4 

Va 

22.5 

(200) 

7.9 

5 /l6 

31.1 

(275) 

9.5 

3 /g 

42.4 

(375) 

12.7 

Vi 

56A, 

(500) 

14.3 

9 /l6 

67.8 

(600) 


a See 9.1.9.6 of UL 486A-2003 for screws with multiple tightening means. 

With the permission of Underwriters Laboratories, Inc., material is reproduced from U andard 486A-B^Vire Connectors, which is copyrighted 
by Underwriters Laboratories, Inc., Northbrook, Illinois. While use of this material has i authorized, UL shall not be responsible for the manner 
in which the information is presented, nor for any interpretations thereof. For more in lation on UL or to purchase standards, please visit their 
Standards website at www.comm-2000.com or call 1-888-853-3503. 
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Informative Annex J ADA Standards for Accessible Design 


This informative annex is not a part of the requirements of 
this NFPA document, but is included for informational pur¬ 
poses only. [ROP l-191a] 

The provisions cited in this Informative Annex is to 
assist the users of the Code in properly considering various 
electrical design constraints of other building systems and 
are part of the 2010 ADA Standards for Accessible Design 
and are the same as those found in ANSI/ICC A117.1-2009, 
Accessible and Usable Buildings and Facilities. 

J.l Protruding Objects. Protruding objects shall comply 
with J.l. 

J.2 Protrusion Limits. Objects with leading edges more 
than 27 inches (685 mm) and not more than 80 inches 
(2030 mm) above the finish floor or ground shall protrude 
4 inches (100 mm) maximum horizontally into the circula¬ 
tion path. 

Exception: Handrails shall be permitted to protrude 
4V2 inches (115 mm) maximum. 


4 in. max. 
/100 mm 


J.3 Post-Mounted Objects. Free-standing 
mounted on posts or pylons shall overhang circul 1 
paths 12 inches (305 mm) maximum when loc; 

27 inches (685 mm) minimum and 80 inches (2fi30 mi) 
maximum above the finish floor or g 
other obstruction is mounted between 
the clear distance between the posts or pylons is greater 
than 12 inches (305 mm), the lowest edge of such sign or 
obstruction shall be 21a inches (685 An) maximum or 
80 inches (2030 mm) minimum above the finish floor or 
ground. 


d. Where a sign o: 
fits or pylons and 



X > 80 in. 
2030 mm 



X > 27 in. 
685 mm 


e J.2 Limits of Protruding Objects. 

tion: the sloping portions of handrails serving 
and ramps shall not be required to comply with J.3. 

tical Clearance. Vertical clearance shall be 
0 inches (2030 mm) high minimum. Guardrails or other 
s shall be provided where the vertical clearance is 
less than 80 inches (2030 mm) high. The leading edge of 
such guardrail or barrier shall be located 27 inches 
(685 mm) maximum above the finish floor or ground. 

Exception: Door closers and door stops shall be per¬ 
mitted to be 78 inches (1980 mm) minimum above the finish 
floor or ground. 

J.5 Required Clear Width. Protruding objects shall not 
reduce the clear width required for accessible routes. 




12 in. max./ 


27 ft—80 in 
685-2030 mm 


305 mm 


, 12 in. max. 
305 mm 


(a) 


27 ft max. 
685 mm 


u 


- 4 - 


X > 12 in. 


305 mm 


-xh 


X > 12 in. 


305 mm 


80 in. min. 
2030 mm 


(b) 


Figure J.3 Post-Mounted Protruding Objects. 
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20 in. max. 


>20 in.-25 in. max. 


Figure J.4 Vertical Clearance. 



Figure J.6.2 Obstructed Fligh Forward Reach. 


J.6 Forward Reach. 

J.6.1 Unobstructed. Where a forward reach is unob¬ 
structed, the high forward reach shall be 48 inches 
(1220 mm) maximum and the low forward reach shall be 
15 inches (380 mm) minimum above the finish floor or 
ground. 


where the depth of the obstruction is 10 inches (255 mm) 
maximum. 

Exception No. 2d 8 lerable parts of fuel dispensers shall 
be permitted to^f'5 inches (1370 mm) maximum mea¬ 
sured from the ™ trfa e of the vehicular way where fuel 
dispenser.install i &n existing curbs. 



48 in. max. 
1220 mm 


Figure J.6.1 Unobstructed Forward Reach, 

J.6.2 Obstructed High Reach. 

reach is over an obstruction, th 
extend beneath the element for a 
required reach depth over the obs 
reach shall be 48 inches (1220 mii 
reach depth is 20 inches (510 mm) 
reach depth exceeds 20 inches (510 mm)^ 



rward 
vac&: s mall 
thaffthe 
i forward 
vhere the 
Where the 
: high forward 


reach shall be 44 inches (1120 mm) maximum and the 
reach depth shall be 25 inches (635 mm) maximum. 

J.7 Side Reach. 

J.7.1 Unobstructed. Where a clear floor or ground space 
allows a parallel approach to an element and the side reach 
is unobstructed, the high side reach shall be 48 inches 
(1220 mm) maximum and the low side reach shall be 
15 inches (380 mm) minimum above the finish floor or 
ground. 

Exception No. 1. An obstruction shall be permitted be¬ 
tween the clear floor or ground space and the element 


Figure J.7.1 Unobstructed Side Reach. 

J.7.2 Obstructed High Reach. Where a clear floor or 
ground space allows a parallel approach to an element and 
the high side reach is over an obstruction, the height of the 
obstruction shall be 34 inches (865 mm) maximum and the 
depth of the obstruction shall be 24 inches (610 mm) maxi¬ 
mum. The high side reach shall be 48 inches (1220 mm) 
maximum for a reach depth of 10 inches (255 mm) maxi¬ 
mum. Where the reach depth exceeds 10 inches (255 mm), 
the high side reach shall be 46 inches (1170 mm) maximum 
for a reach depth of 24 inches (610 mm) maximum. 

Exception No. 1. The top of washing machines and 
clothes dryers shall be permitted to be 36 inches (915 mm) 
maximum above the finish floor. 

Exception No. 2. Operable parts of fuel dispensers shall 
be permitted to be 54 inches (1370 mm) maximum mea¬ 
sured from the surface of the vehicular way where fuel 
dispensers are installed on existing curbs. 


70-880 


NATIONAL ELECTRICAL CODE 2014 Edition 





























































INFORMATIVE ANNEX J 




(a) (b) 

Figure J.7.2 Obstructed High Side Reach. 
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-A- 

AC and DC conductors in same 
enclosure 300.3(C)(1), 
725.48 

AC armored cable see Armored 
cable (Type AC) 

Access and working space; see 
also Working space 
Audio signal processing, ampli¬ 
fication, and reproduc¬ 
tion equipment 640.46 
Elevator machine room 620.71 
Induction and dielectric heating 
equipment 665.22 
Manholes 110.72, 110.73, 

110.75 

Not over 600 volts 110.26 
Over 600 volts 110—III 
Portable substations 530.62 
Switchboards 408.18 
Transformers, electric sign 
600.21(D) 

Vaults and tunnels 110.76 
Accessible 

Air-conditioning and refrigera¬ 
tion disconnects 440.14, 
440.63 

Attics and roof spaces 

Knob-and-tube wiring 394.23 
Open wiring on insulators 
398.23 

Cable trays 392.18(E), 

392.18(F) 

Conduit bodies, junction, pull, 
and outlet boxes 31 4.29 
314.72(D) 

Definition 100-1 
Ground-fault circuit interrupter! 
210.8 

Grounding electrode connection 
250.68(A) 

Luminaires and lampholders 
410.5, 410.24(B), 
410.137(A) 

Motor disconnects 430.107 
Overcurrent devices 240.24 
Panels, electrical equipment in¬ 
stalled behind 
368.10(B), 725.21, 

760.21, 770.21, 800.21, 

820.21, 830.21, 840.21 

Readily 

Definition 100-1 
Sealing fittings 501.15(C)(1), 
502.15, 505.16(D)(1); 
see also Hazardous 
(classified) locations 
Services 230.70 
Splices and taps in auxiliary 
gutters 366.56(A) 
Splices and taps in wireways 
376.56(A), 378.56 


Transformers, signs, outlet light¬ 
ing 600.21(A) 

Transformers and vaults 450.13 

AC-DC general-use snap 
switches 
Marking 404.15 
Motors 430.83(C) 

Panelboards, use in 408.36(A) 
Ratings, type loads 408.36(A) 

AC general-use snap switch 
404.14(A); see also 
AC-DC general-use 
snap switches 

AC resistance and reactance con¬ 
version Chap. 9, Table 
9 

AC systems 

Conductor to be grounded 
250.26 

Grounding connections 
250.24(A) 

Grounding electrode conductor 
250.66 

Grounding of 250.20, 

Systems not requirea^^OT^^^^ 
grounded 250.2^^ 

In same metallic enclosur^^ 
215 ^^^ 00.20 
Sensitive electronic equipment! 

7.3, 647.5 

Administration and enforcemei 

Annex H 

Adoption of Code Annex 

0.5 

i\ctn %i^£n de Annex H 
IP.9 

\nnex T H 80.13 
I to electricity supply 
pex H 80.25 
i Annex H 80.2 
s date Annex H 80.35 
IFical board Annex H 80.15 
Inspector’s qualifications Annex 
H 80.27 

Liability for damages Annex H 
80.29 

Notice of violations, penalties 
Annex H 80.23 

Occupancy of building or struc¬ 
ture Annex H 80.11 
Permits and approvals Annex H 
80.19 

Plans review Annex H 80.21 
Records and reports Annex H 
80.17 

Repeal of conflicting acts Annex 
H 80.33 

Title of Code Annex H 80.7 
Validity of article Annex H 
80.31 

Aerial cables 

Community antenna television 
and radio distribution 
systems 820.44 



Identification 200.6(A) 
Messenger-supported wiring Art. 
396 

Network-powered broadband 

communications systems 

830.44 

Premises-powered broadband 

communications systems 

840.44 

Agricultural buildings Art. 547 
Bonding and equipotential plane 
547.10^ 

Definitions 54 

Equipotential planes, bonding 


Feed< 


pads, calcu- 


d serv 
lation of l 
inaires 547.8 
otors 547.7 

Servics^^iipment, separately 
lerived systems, feed¬ 
ers, disconnecting 
means, and grounding 
47.9 

temperatures 547.4 
les, receptacles, circuit 
breakers, controllers, 
and fuses 547.6 
Wiring methods 547.5 
Air conditioners, room 440-VII 
Branch-circuit requirements 
440.62 

Definition 440.60 
Disconnecting means 440.63 
Grounding 440.61 
Nameplate marking 220.82(C), 
440.4 

Air-conditioning and refrigerat¬ 
ing equipment Art. 440 
Arc-fault circuit-interrupter pro¬ 
tection 440.65 
Branch circuits 

Conductors 440-IV 

Ampacity, determination of 
440.6 

Combination loads for 

440.34 

General 440.31 
Multimotor equipment for 

440.35 

Several motor-compressors 
for 440.33 

Single motor-compressor 
for 440.32 
Outlets 210.63 
Selection current 
Definition 440.2 
Marking on nameplate 
440.4(C) 

Short-circuit and ground-fault 
protection 440-III 
Equipment for 440.22(B) 
Controllers for 440-V 


Marking 440.5 
Rating 440.41 
Definitions 440.2, 551.2 
Disconnecting means 440-11 
Cord-connected equipment 
440.13 

Ratings and interrupting ca¬ 
pacity 440.12 

Room air conditioners 440.63 
Hermetic refrigerant motor- 
compressor see Her¬ 
metic refrigerant motor- 
compressors 

Leakage-current detector- 
interrupter 440.65 
Definition 440.2 
Load 220.82(C), 220.83 
Mobile homes 550.20 
Nameplate requirements 440.4 
Overload protection 440-VI 
Application and selection of 
440.52 

Branch-circuit conductors for 
440.52(B) 

General 440.51 
Motor-compressors 440.52(A) 
On 15- or 20-ampere 
branch circuits 440.54 
Park trailers 552.59(B) 
Rated-load current 
Definition 440.2 
Marking on nameplate 
440.4(A) 

Room air conditioners see Air 
conditioners, room 
Single machine, when consid¬ 
ered 440.8 

Trucks transporting refrigerated 
units see Electrified 
truck parking space 
equipment 

Aircraft hangars Art. 513 
Aircraft batteries 513.10 
Aircraft electrical systems 
513.10(A) 

Classification of locations 513.3 
Definitions 513.2 
Equipment 513.4, 513.7, 513.8, 
513.10 

Ground-fault circuit interrupters 
513.12 

Grounding and bonding 513.16 
Mobile equipment 513.7(F), 
513.10(D) 

Definition 513.2 
Painting hangar 513.3(C)(2) 
Definition 513.2 
Portable equipment 513.10(E) 
Sealing 513.9 

Stanchions, rostrums, and docks 
513.7(E) 

Wiring 513.4, 513.7, 513.8 
Air ducts see Ducts 
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Audio signal processing 


Air plenums see Plenums 
Air terminals see Lightning rods; 

Lightning (surge) arrest¬ 
ers 

Alarms 

Burglar see Remote-control, 
signaling, and power- 
limited circuits 
Fire 230.82(5), 230.94 Ex. 4; 

see also Fire alarm sys¬ 
tems 

Alarm systems, health care facili¬ 
ties 517.32(C), 
517.42(C), 517-VI 
Alternate power source see Power 
source, alternate 
Alternators see Generators 
Aluminum conduit see Rigid 
metal conduit 

Aluminum siding, grounding of 

250.116 IN 
Ambient temperature 

310.15(A)(3) IN No. 1, 
310.15(B)(2), Table 
310.15(B)(2)(a), Table 
310.15(B)(2)(b), 
310.60(C)(4), Table 
310.60(C)(4); see also 
Temperature limitations 
Ambulatory health care centers; 
see also Health care 
facilities 
Definition 517.2 
Essential electrical systems 
517.45 

Ampacities; see also subhead, 

Ampacities, under en¬ 
tries for specific wiring 
and equipment 
Conductors 310.15, Tables 

310.15(B)(16) through 
310.15(B)(21), 310.60, 
Tables 310.60(C)(67) 
through 310.60(C)(86^ 
B.310.15(B)(2)(1) 
through 

B.310.15(B)(2)(10) 
Amusement attractions 
522.22 

Auxiliary gutters 366.23 
Crane and hoist Table 
610.14(A) 

Fire alarm systems 760.51 
Motors, motor circuits, and 
controllers 430.6 
Small wind electric systems 
694.12(B), 694.64 
Solar photovoltaic systems 
690.8(B) 

Definition 100-1 
Fixture wires 402.5 
Grounding 250.122 
Tables, 0-2000 volts Tables 

310.15(B)(16) through 
310.15(B)(21), Annex B 
Amusement attractions, control 
systems for permanent 
Art. 522 

Control circuits 522-11 
Control circuits wiring methods 
522—III 

Definitions 522.2 


Maintenance 522.7 
Voltage limitations 522.5 
Anesthetizing locations 517-IV; 
see also Health care 
facilities 
Definition 517.2 
Flammable 

Definition 517.2 
Annexes, informative 90.5(D), 
Annexes A through I 
Antenna discharge units 810.20, 
810.57 

Antenna systems, radio and tele¬ 
vision see Community 
antenna television and 
radio distribution 
(CATV) systems; Radio 
and television equip¬ 
ment 

Apparatus 

Associated, grounding of 
504.50(B) 

Definition 504.2 
Intrinsically safe, grounding of 
504.50(A) 

Definition 504.2 
Simple 

Definition 504.2 

Appliances Art. 422; see also Mo¬ 
tors 

Battery-powered 517.64(Ts) 
Branch circuits see Br; 

cuits, appliano 
Construction 422-IV 
Cords see Cords, flexible 
Definition 

Disconnecting means 422-11 
DwelU^^inits, outlets 210.5 
Feeder calculates for 220.40 
FixS 510.12(D). 551.42(A) 

0.2, 551.2 
g 250-VI, 550.16, 

1.54^ 

s (classified) locations 
Hazardous (classi- 
.) locations 
d cooking, demand 
factors and loads for 
Table 220.55 
Installation 422-11 
Live parts 422.4 
Load calculations 220.14, 

220.40, 220.52 to 
220.56, Table 220.55 
Marking 422-V 

Mobile homes, in 550.12(B) and 
(D), 550.14 

Motor-driven 422.10(A) 
Disconnecting means 
422.31(C) 

Load 220.18(A) 

Marking 422.62 
Overload protection 
422.11(G) 

Overcurrent protection 422.11 
Single 422.11(E) 

Portable 

Definition 550.2, 551.2 
Recreational vehicles, in 

551.41(C) Ex. 1, 551.42 



Enclo 


Signal transmission between 
517.82 

Small 210.52(A), 550.12(B) 
Stationary 

Definition 550.2, 551.2 
Subject to immersion 422.41 
Terminals, identification of 
200.10(E) 

Approval, approved 
Definition 100-1 
Equipment and materials 90.4, 
90.7, 110.2, 500.8(B), 
Annex H 80.19 
Arc-fault circuit interrupters 
210.12 

Definition 100-1 
Protection 210.12(A), 440.65, 
550.25 

Receptacle replacements 
406.4(D)(4) 

Solar photovoltaich6ystems 
690.J 

Arc-flash hazard warning 110.16 
Arcing p^ 

of 110.18, 430.14(B), 
511.7(B)TJkl3.7(C), 
515.7(B), 516.7^), 

5_17.61(B)(2) 

■rtable 

icture studios 530.17 
equipment 520.61 
[der motors see Welders, 
^lectric 

: welders see Welders, electric 
41ttlO(E), Art. 518, Art. 
520 

Emergency lighting system Ait. 
700 

Armored cable (Type AC) Art. 
320 

Accessible attics 320.23 
Ampacity 320.80 
Bends 320.24 
Boxes and fittings 320.40 
Conductor type 320.104 
Construction 320-III 
Definition 320.2 
Equipment grounding 320.108 
Equipment grounding conductor 
installation 250.120(A) 
Exposed work 320.15 
Marking 320.120 
Supports 320.30 
Through or parallel to framing 
members 320.17 
Uses not permitted 320.12 
Uses permitted 320.10 
Armories Art. 518 

Emergency lighting system Art. 
700 

Array, solar photovoltaic systems 

690.4(G), 690.5, 
690.7(E), 690.18; see 
also Solar photovoltaic 
systems 
Definition 690.2 
Arresters, surge see Lightning 
(surge) arresters 

Artificially made bodies of water 

see Natural and artifi¬ 
cially made bodies of 
water, electrical wiring 
and equipment for 



Askarels 

Definition 100-1 
Transformers 450.25 

Assembly, places of 410.10(E), 

Art. 518 

Classifications 518.2 
Emergency lighting system Art. 
700 

Supply 518.5 

Theaters, audience areas Art. 

520 

Wiring methods 518.4 

Associative nonincendive field 
wiring apparatus 

Definition 500.2 

Atmospheric groups see Hazard¬ 
ous (classified) locations 

Attachment plugs (caps); see also 
Hazardous (classified) 
locations; Receptacles, 
cord connectors, and 
attachment plugs (caps) 
Construction of 406.7 
Definition 100-1 
Flexible cords on 210.50(B), 
400.7(B), 400.24 
Grounding type 406.10 
Polarized, terminal identification 
200.10(B) 

Attics 

Armored cable 320.23 
Knob and tube 394.23 
Lighting outlets required 
210.70(A)(3) 

Metal-clad cable 330.23 
Nonmetallic extensions 
382.12(1) 

Nonmetallic-sheathed cable 
334.23 

Open wiring 398.23 

Sign transformers in 600.21(E) 

Audio signal processing, amplifi¬ 
cation, and reproduc¬ 
tion equipment Art. 

640 

Access 640.5, 640.46 
Conduit or tubing 640.23 
Definitions 640.2 
Environmental protection 640.44 
Flexible cords, use of 640.21, 
640.42, 640.45 
Grounding 640.7 
Grouping of conductors 640.8 
Locations and other articles 
640.3 

Loudspeakers in fire-resistant 
construction 640.25 
Mechanical execution of work 
640.6 

Motion picture projectors 540.50 
Permanent installations 640-11 
Portable and temporary installa¬ 
tions 640—III 

Protection of electrical equip¬ 
ment 640.4 
Theaters 520.4 
Transformers 640.9(D) 

Definition 640.2 
Underwater 680.27(A), 
680.43(G) 

Water, near 640.10 
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INDEX 


Wireways, gutters, auxiliary gut¬ 
ters 640.24 

Wiring methods 640.9 
Wiring of equipment racks 
640.22, 640.43 

Auditoriums Art. 518, Art. 520 
Emergency lighting system Art. 
700 

Authority having jurisdiction 

90.4; see also Approval, 
approved 
Definition 100-1 

Automatic 

Definition 100-1 

Autotransformers see Transform¬ 
ers 

Auxiliary gutters Art. 366 
Conductors 

Ampacities 366.23 
Clearance, bare live parts 
366.100(E) 

Insulated 366.58 
Number of 366.22 
Construction specifications 366- 
III 

Covers 366.100(D) 

Definitions 366.2 
Extension beyond equipment 
366.12 

Grounding 366.60 
Indoors 

Listing 366.6(B) 

Marking 366.120(B) 

Uses permitted 366.10(A)(1), 
366.10(B)(2) 

Installation 366-11 
Listing 366.6 
Marking 366.120 
Metallic 

Conductors 366.22(A), 
366.23(A) 

Definition 366.2 
Securing and supporting 
366.30(A) 

Uses permitted 366.10(A) 
Nonmetallic 

Conductors 366.22(B), 
366.23(B) 

Definition 366.2 
Marking 366.120 
Securing and supporting 
366.30(B) 

Uses permitted 366.10(B) 
Outdoors 

Listing 366.6(A) 

Marking 366.120(A) 

Uses permitted 366.10(A)(1), 
366.10(B)(1) 

Sound recording, similar equip¬ 
ment 640.7(A), 640.24 
Splices and taps 366.56 
Supports 366.30 
Uses not permitted 366.12 
Uses permitted 366.10 


-B- 

Back-fed devices 408.36(D) 
Backfill 300.5(F), 300.50(D) 
Balconies, outdoor, receptacles 

for 210.52(E)(3) 


Ballasts, electric discharge lamps 
410-XII, 410-XIII 
Protection in fluorescent fixtures 
410.130(E) 

Protection in recessed HID fix¬ 
tures 410.130(F) 

Bare conductors 

Ampacities 310.15(B)(4) 
Auxiliary gutters 366.56(B) 
Contact conductors, cranes and 
hoists 610—III 
Definition 100-1 

Lighting systems operating at 30 
volts or less 411.5(C) 
Service entrance. Types SE, 

USE 338.100 

Sizing conduits for Chap. 9, 
Note 3 

Underground conduits, grounded 
neutral 230.30 Ex., 
230.41 Ex. 

Barriers 368.234(B), 408.3(A)(2) 
Basements (cellars) 

Armored cable 320.15 
Lighting outlets required 
210.70(A)(3) 
Nonmetallic extensions 
382.12(1) 

Nonmetallic sheathed cable 
334.15(C) 

Receptacles in 210.8(A)(5), 
210.52(G), 406.9(A) 
Unfinished 210.8(A)(5) 
Bathrooms; see also Bathtubs 
Branch circuits for 210.11(C)(3) 
Definition 10( 

Fixed electric 

equi ptm n cables 
42 

Lighting 

210 . 


. 550.13(E), 
f 552.41(F) 

Bnthtu 

Hydromassage 680-VI, 680-VII 
Definillfi 680.2 
Fixed electric space-heating 
equipment cables 
424.44(G) 

Luminaires 410.10(D), 

550.14(D), 551.53(B) 
Receptacles 406.9(C) 

Switches 404.4(C) 

Batteries; see also Storage batter¬ 
ies 

Aircraft 513.10 
Installations Art. 480, 690.4, 
690.71 

Nominal voltage 
Definition 480.2 
Sealed 

Definition 480.2 
Insulation 480.6(D) 

Vents 480.10(B) 

Battery charging equipment 

511.10(A) 

Aircraft hangars 513.10(B) 


Battery system; see also Storage 
batteries 
Definition 480.2 

Bedrooms 

Arc-fault circuit-interrupter pro¬ 
tection 210.12(A), 
550.25(B) 

Bell circuits see Remote-control, 
signaling, and power- 
limited circuits 

Bends 300.34; see also subhead 
under entries for spe¬ 
cific wiring system 

Bipolar photovoltaic arrays 
690.4(G), 690.7(E) 
Definition 690.2 

Block (city, town, or village) 
Definition 800.2, 830.2 

Blocking diode, solar photovol¬ 
taic systems 
Definition 690.2 

Boathouses and boat 
ground-] 
interru 
2108? 

Boatyards see Marinas and BS 

^ras 

Bodies. duit se^Conduit bod- 


424-VIII 
490-V 
VII 




Boiler: 

Electro! 
600 vol 
A her 




gars 513.16 
: storage plants 515.16 
: trays 392.60 

arnivals, circuses, fairs, and 
similar events 525-IV 
r CATV and radio distribution 
systems 820.100, 
820.106 

Communications circuits 

800.100, 800.106(B) 
Definition 100-1 
Equipotential 547.10, 680.26, 
682.33 

Flexible metal conduit (Type 
FMC) 348.60 
Floating buildings 553.11 
Garages, commercial 511.16 
Grounding-type receptacles 
250.146 

Hazardous (classified) locations 
see Hazardous (classi¬ 
fied) locations 

Health care facilities 517.19(C), 
517.19(D) 

Induction and dielectric heating 
equipment 665.26 
Intersystem bonding termination 
Definition 100—I 
Intrinsically safe systems 504.60 
Irrigation machines 675.14 
Liquidtight flexible metal con¬ 
duit (Type LFMC) 

350.60 

Liquidtight flexible nonmetallic 
conduit (Type LFNC) 

356.60 

Loosely jointed raceways 250.98 


Manufactured buildings 545.11 

Metal boxes 314.4 

Motor fuel dispensing facilities 

514.16 

Naturally and artificially made 
bodies of water, electri¬ 
cal equipment for 682- 

m 

Network-powered broadband 

communications systems 

830.100, 830.106(B) 
Optical fiber cables 770.100(A), 

770.100(D), 770.106(B) 
Other enclosures 250.96 
Outside raceway 250.102(E) 
Over 250 volts 250.97 
Over 600 volts 490.74 
Panelboards 408.40, 517.14 
Park trailers 552.57 
Piping systems and exposed 

structural steel 250.104 
Premises-powered broadband 

communications systems 
840.106(B) 

Raceways see Raceways 
Radio and television equipment 
810.21, 810.58 
Receptacles 250.146 
Recreational vehicles 551.55(B), 
551.56 

Separately derived systems 
250.30(A)(8), 
250.30(B)(3), 

250.104(D) 

Service equipment 250.92, 
250.94 

Signs and outline lighting 

600.7(B), 600.33(D) 
Swimming pools see Swimming 
pools 

Tunnels 110.54 

Bonding conductors 517.19(D), 
770.100(A), 800.100, 
810.21, 810.58, 

820.100, 830.100(A) 
Bonding jumpers see Jumpers, 

bonding 

Bored holes through studs, joists 

300.4(A)(1) 

Bowling alleys Art. 518 

Emergency lighting system Art. 
700 

Boxes (outlet, device, pull, and 
junction) Art. 314; see 
also Hazardous (classi¬ 
fied) locations 

Accessibility 314.29, 314.72(D) 
Agricultural buildings 547.5(C) 
Community antenna television 
and radio distribution 
systems 820.133(A)(1) 
Concealed work 314.20 
Conductors, number in box 

314.16 

Entering boxes, conduit bod¬ 
ies or fittings 314.17 
Construction specifications 314- 
III 

Covers 314.25, 314.28(C), 
314.41, 314.42, 
314.72(E) 
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Cutout see Cabinets, cutout 

boxes, and meter socket 
enclosures 

Damp locations 314.15 
Depth, minimum 314.24 
Drop (theaters, etc.) 520.44, 

520.46 

Definition 520.2 
Enclosures, handhole 314.29, 
314.30 

Fill calculations 314.16(B) 

Fire pumps 695.6(H)(1), 

695.6(1) 

Floor, for receptacles 314.27(B) 
Flush devices, enclosing 314.19 
Grounding 250.148, 250-VI 
Gutters, auxiliary, used as 
366.58(B) 

Insulating see Boxes, nonmetal - 
lic 

Junction, pull see Junction 
boxes 

Lighting (luminaires) outlets see 
Lighting outlets 
Marking 314.44 
Metal 

Construction 314.40, 314—III 
Grounding and bonding 314.4 
Installation 314-11 
Wireways used as pull boxes 
376.23(B) 

Multioutlet assemblies used as 
pull boxes 380.23(B) 
Network-powered broadband 

communications systems 
830.133(A)(1) 

Nonmetallic 314.3, 314.17(C), 
314.43, 334.40 
Receptacles installed in 
406.3(D)(2) 

Wireways used as pull boxes 
378.23(B) 

Not required 590.4(G) 

Over 600 volts 314-IV 
Plugging (motion picture ai 
TV studios) 

Definition 530.2 
Portable, in theaters 520.62 
Repairing noncombustible sur¬ 
faces 314.21 

Required location 300.15 
Round 314.2 

Secured supports 300.11, 314.23 
Snap switches over 300 volts, 
not ganged 404.8(B) 
Solar photovoltaic systems 
690.34 

Support of 392.18(G) 

Surface extensions 314.22 
Unused openings, closed 
110.12(A) 

Vertical raceway runs 300.19 
Volume calculations 314.16(A) 
Wall or ceiling 314.20, 

314.27(A) 

Wet locations 314.15 
Branch circuits Art. 210, Art. 220 
Air conditioners 440-IV, 440- 
VII 

Appliances 210.23, 422-11 
Calculations 220-11 
Definition 100-1 


Arc-fault circuit-interrupter pro¬ 
tection 210.12 

Audio equipment 640.10(A), 
640.41, 640.42(E) 
Bathrooms 210.11(C)(3) 
Breakout assembly 
Definition 520.2 
Busways as branch circuits 

368.17 

Calculation of loads 220-11, An¬ 
nex D 

Color code 210.5 
Common area 210.25 
Conductors, minimum ampacity 
and size 210.19 
Critical 517.33, 517.43 
Definition 517.2 
Critical operations power sys¬ 
tems 708-11 
Definition 100-1 
Emergency systems 700.15, 
700.17, 700.18 
Fixed electric space-heating 
equipment 424.3 
General-purpose 
Definition 100-1 
Guest rooms or suites 210.6(A), 

210.18 

Health care facilities 517.18(A), 
517.63(B), 517.63(C), 
517.73(A)(1) 

Individual 

Definition 100-1 
Overcurrent protection 
Permissible loads 210. 

Rating nr settin g 430. 


systems 517.160 
.18 

11, 550.12 
branch cir- 
t see Motors 
Multiple 210.7 

. Multiva^l0.4, 501.40, 502.40, 
505.21 

Finition 100-1 
OWside see Outside branch cir¬ 
cuits and feeders 
Overcurrent device 240.24(B)(2) 
Definition 100-1 
Overcurrent protection 210.20, 
240.4, 520.52 

Patient bed location 517.18(A), 
517.19(A) 

Permissible loads 210.23 
Ratings 210.3, 210-11 
Recreational vehicles 551.42 
Requirements for 210.24, Table 
210.24 

Selection current 440.4(C) 
Definition 440.2 
Small-appliance 210.11(C)(1) 
Stage or set 530.23 
Taps from 210.19(A), Table 
210.24, 240.4(E), 
240.5(B)(2) 

Through luminaires 410.64(C) 
Two or more outlets on 210.24 




Voltage drop 210.19(A) IN No. 

4 

Voltage limitations 210.6 
X-ray equipment 517—V, 660.4, 
660.6(A) 

Branch-circuit selection current 

Definition 440.2 
Marking on nameplate 440.4(C) 
Building 

Definition 100-1 
First floor of 362.10 
Building component 
Definition 545.2 
Building system 
Definition 545.2 
Building wire see Conductors 
Bulk storage plants Art. 515; see 
also Hazardous (classi¬ 
fied) locations 
Class I locations ^ 15.3 
Definition 515J 
Gasoline dia^KIng 515.10 
Grounding and bonding 515.16 
Sealing 51 
Umfei^round wH 
.’g and equiph 

515.7 
11 switch 

530.2 

arm systems see 
Remote-control, signal¬ 
ing, and power-limited 
rcuits 

;round wiring methods 
300.37 

Industrial control panels 409.102 
Motor control centers 430.97 
Switchboards 408.3, 408.51 

Bushings 

Cord, luminaire 410.84 
Fiber see Fiber bushings 
Generators 445.16 
High density polyethylene con¬ 
duit 353.46 

Insulated 300.4(G), 312.6(C) 
Lampholders attached to flex¬ 
ible cord 410.62(A) 
Securing fittings or raceways 
300.4(G) 

Intermediate metal conduit 

342.46 
Motors 430.13 

Outlet boxes, conduit bodies, 
and outlet fittings 
314.17(D), 314.42 
Reinforced thermosetting resin 
conduit 355.46 
Rigid metal conduit 344.46 
Rigid polyvinyl chloride conduit 

352.46 

Snow-melting and deicing 

equipment 426.22(C) 
Underground installations 
300.5(H) 

Use in lieu of box or terminal 
fitting 300.16(B) 
Busways Art. 368 

Barriers, fire 368.234(B) 
Branches from 368.56 
Connections 368.238 
Construction 368—III 


Dead ends closed 368.58 
Definition 368.2 
Drains 368.236 
Extension through walls and 
floors 368.10(C) 

Feeder or branch circuits 368.17 
Grounding 368.60 

Over 600 volts 368.260 
Installation 368-11 
Luminaires connected to 
410.36(F) 

Manufactured wiring systems 
604.6(A)(4) 

Marking 368.120, 368.320 
Overcurrent protection 368.17 
Over 600 volts 368-IV 
Reduction in size 368.17(B) 
Seals, vapor 368.234(A) 

Support 368.30 
Terminations 368.238 
Under 600 volts 368.240 
Through walls and floors 
368.10(C) 

Uses not permitted 368.12 
Uses permitted 368.10 
Ventilated enclosures 368.237 
Bypass isolation switch 700.5(B), 
701.5(B) 

Definition 100-1 


-c- 

Cabinets, cutout boxes, and 
meter socket enclo¬ 
sures Art. 312 
Construction specifications 
312-11 

Damp and wet locations 312.2 
Definitions 100-1 
Deflection of conductors 312.6 
Installation 312-1 
Insulation at bushings 300.4(G), 
312.6(C) 

Position in walls 312.3 
Switch enclosures, splices, taps 

312.8 

Unused openings 110.12(A) 
Wire-bending space at terminals 
312.6(B) 

Wiring space, side or back 

312.9 

Cable bending see type of cable 
Cablebus Art. 370 
Conductors 370.4 
Ampacity 370.4(B) 
Overcurrent protection 370.5 
Terminations 370.7(3), 370.8 
Definition 370.2 
Equipment grounding conductor 
installation 250.120(A) 
Fittings 370.7 
Grounding 370.9 
Marking 370.10 
Support and extension through 
walls and floors 370.6 
Use 370.3 
Cable connectors 
Definition 324.2 
Theater 520.67 

Cable end fittings, changing from 
cable to knob-and-tube 

300.16(A) 
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Cable management system 

626.23 

Definition 626.2 
Cables 

Abandoned 
Coaxial 820.25 
Definition 820.2 
Communications 800.25 
Definition 800.2 
Fire alarm 760.25 
Definition 760.2 
Interconnecting 
Definition 645.2 
Network-powered broadband 
communications 830.25 
Definition 830.2 
Optical fiber 770.25 
Definition 770.2 
Premises-powered broadband 
communication 840.25 
Remote-control, signaling, 
and power-limited cir¬ 
cuits 725.25 
Definition 725.2 
Aerial see Aerial cables 
Armored (Type AC) see Ar¬ 
mored cable (Type AC) 
Border lights, theater 520.44(C) 
Bundled 

Definition 520.2 
Cable trays, installation in see 
Cable trays 
CATV Art. 820 
Coaxial Art. 820, 840.93(C) 
Continuity 300.12 
Definition 800.2 
Flat cable assemblies (Type FC) 
see Flat cable assem¬ 
blies (Type FC) 

Flat conductor (Type FCC) see 
Flat conductor cable 
(Type FCC) 

Flexible see Cords, Flexible 
Grouped 

Definition 520.2 
Heating see Heating cables 
Installation in cable trays see 
Cable trays 

Installed in grooves 300.4(F) 
Instrumentation tray (Type ITC) 
see Instrumentation tray 
cable (Type ITC) 
Integrated gas spacer cable 
(Type IGS) see Inte¬ 
grated gas spacer cable 
(Type IGS) 

Manufactured wiring systems 
604.6(A) 

Medium voltage cable (Type 

MV) see Medium volt¬ 
age cable (Type MV) 
Metal-clad cable (Type MC) see 
Metal-clad cable (Type 
MC) 

Mineral-insulated metal-sheathed 
(Type MI) see Mineral- 
insulated metal-sheathed 
cable (Type MI) 
Multiconductor cables, identifi¬ 
cation of conductors in 
250.119(B) 


Nonmetallic extension see Non- 
metallic extensions 

Nonmetallic-sheathed (Types 
NM, NMC, and NMS) 
see Nonmetallic- 
sheathed cable (Types 
NM, NMC, and NMS) 

Nonmetallic underground con¬ 
duit with conductors see 
Nonmetallic under¬ 
ground conduit with 
conductors 

Optical fiber see Optical fiber 
cables 

Other types of see names of 
systems 

Point of entrance 

Definition 800.2, 820.2, 830.2 

Portable see Cords, flexible 

Power and control tray cable 
(Type TC) see Power 
and control tray cable 
(TypeTC) 

Preassembled in nonmetallic 

conduit see Nonmetallic 
underground conduit 
with conductors 

Protection against physical dam¬ 
age 300.4 

Sealing 501.15(D), 501.15(E), 
505.16(A)(2), 
505.16(B)(5), 
505.16(B)(6), 
505.16(B)(7), 
505.16(C)(2) 

Secured 300.11, 31J 

(C) 

Service; see aJgo / ’Service- 
en trance cable (j 
SEO^§E) a 
Definition 1 

Se: 


Optical J 
Over J 




Throui 


5(G) 

fjoists, rafters 


Traveling, elevator 620.11(B), 
620.12(A), 620-V 
Underground 230—III, 300.5, 
300.50 

Underground feeder and branch 
circuit Type UF see Un¬ 
derground feeder and 
branch-circuit cable 
(Type UF) 

Vehicle supply equipment 
625.17 

Welding 630-IV 
Cable sheath 

Definition 770.2, 800.2 
Cable suspension 300.19 
Cable trays Art. 392 
Accessibility 392.18(E), 
392.18(F) 

Ampacity 320.80(B), 392.80 
Bends 392.18(A) 

Bonding 392.60 


Cable and conductor installation 
392.20 

Cable fill 392.22 
Communications circuits in 
800.113(H) 

Community antenna television 
and radio distribution 
systems 820.113(H), 
820.133(A)(1) 

Construction specifications 392- 

III 

Covers 392.18(C) 

Definition 392.2 
Equipment grounding conductor 
installation 250.120(A) 
Exposed 392.18(E) 

Fire alarm system conductors 
760.51(C), 760.133, 
760.139 

Grounding 392.60 
Installation 392-11 
Marking 392.18(H), 
Network-powered 
comn 
83M31 

cables 770.11 
Volts, cables rated 
392.2CL4|2.80(B) 
Securing and supporting 392.30 
SigmSng Class I circuits 725.51 
Splices^cable 392.56 
Support fo^^«ways, cables, 

boxes^Md conduit bod- 

>S2 W(G) 

gh partitions and walls 
392.18(D) 

ses not permitted 392.12 
;es permitted 230.44, 392.10 
tilated 392.22 
iring methods 392.10(A), 

Table 392.10(A) 
Calculations Annex D; see also 
Loads 

Camping trailer; see also Recre¬ 
ational vehicles (camp¬ 
ing trailers, motor 
homes, park trailers, 
travel trailers, truck 
campers) 

Definition 551.2 
Canopies 

Boxes and fittings 314.25 
Live parts, exposed 410.5 
Luminaires fixtures 

Conductors, space for 410.20 
Cover 

At boxes 410.22 
Combustible finishes, cov¬ 
ering required between 
canopy and box 410.23 
Capacitors Art. 460; see also Haz¬ 
ardous (classified) loca¬ 
tions 

Enclosing and guarding 460.2 
Induction and dielectric heating 
665.24 

600 volts and under 460-1 
Conductors 460.8 
Grounding 460.10 
Marking 460.12 
Means for discharge 460.6 


Overcurrent protection 
460.8(B) 

Rating or setting of motor 
overload device 460.9 
Motors 430.27, 460.9 
Phase converters 455.23 
Over 600 volts 460-11 
Grounding 460.27 
Identification 460.26 
Means for discharge 460.28 
Overcurrent protection 460.25 
Switching 460.24 
X-ray equipment 660.36 
Caps see Attachment plugs 
Carnivals, circuses, fairs, and 

similar events Art. 525 
Conductor overhead clearance 
525.5 

Definitions 525.2 
Grounding and bonding 525-1V 
Equipment bonding 525.30 
Equipment grounding 525.31 
Grounding conductor continu¬ 
ity assurance 525.32 
Power sources 525-11 

Multiple sources of supply 
525.11 

Services 525.10 
Protection of electrical equip¬ 
ment 525.6, 525.23 
Wiring methods 525—III 
Concessions 525.21 
Ground-fault circuit- 

interrupter protection 
525.23 

Portable distribution or termi¬ 
nal boxes 525.22 
Rides 525.21 
Tents 525.21 
Cartridge fuses 240-VI 
Disconnection 240.40 
CATV systems see Community 
antenna television and 
radio distribution 
(CATV) systems 

Ceiling fans 680.22(B), 680.43(B) 
Support of 314.27(C), 422.18 

Cell 

Cellular concrete floor raceways 
Definition 372.2 
Cellular metal floor raceways 
Definition 374.2 

Electrolytic see Electrolytic cells 
Sealed, storage batteries 

480.6(D), 480.10(B) 
Definition 480.2 
Solar 

Definition 690.2 
Cellars see Basements 
Cell line, electrolytic cells 
Attachments and auxiliary 
equipment 
Definition 668.2 
Definition 668.2 

Cellular concrete floor raceways 

Art. 372 

Ampacity of conductors 372.17 
Connection to cabinets and other 
enclosures 372.6 
Definitions 372.2 
Discontinued outlets 372.13 
Header 372.5 
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Communications circuits 


Inserts 372.9 
Junction boxes 372.7 
Markers 372.8 

Number of conductors 372.11 
Size of conductors 372.10 
Splices and taps 372.12 
Uses not permitted 372.4 

Cellular metal floor raceways 

Art. 374 

Ampacity of conductors 374.17 
Connection to cabinets and ex¬ 
tension from cells 
374.11 

Construction 374-11 
Definitions 374.2 
Discontinued outlets 374.7 
Inserts 374.10 
Installation 374-1 
Junction boxes 374.9 
Markers 374.8 

Number of conductors 374.5 
Size of conductors 374.4 
Splices and taps 374.6 
Uses not permitted 374.3 
Chairlifts see Elevators, dumb¬ 
waiters, escalators, mov¬ 
ing walks, platform lifts, 
and stairway chairlifts 
Child care facility 
Definition 406.2 
Tamper-resistant receptacles in 
406.14 

Churches Art. 518 
Cinder fill 

High density polyethylene con¬ 
duit 353.10(3) 

Intermediate or rigid metal con¬ 
duits and electrical me¬ 
tallic tubing, in or under 
342.10(C), 344.10(C) 
Nonmetallic underground con¬ 
duit with conductors 
354.10(3) 

Reinforcing thermosetting 
conduit 355.10(C) 

Rigid polyvinyl chloride coni 
352.10(C) 

Circuit breakers Art. 240; see 

also Hazardous (classi¬ 
fied) locations 
Accessibility and grouping 
404.8(A) 

Circuits over 600 volts 490.21, 
490.45, 490.46 

Damp or wet locations, in 404.4 
Definition 100-1, 100-11 
Disconnection of grounded cir¬ 
cuits 404.2(B), 

514.11(A) 

Enclosures 404.3 
General 110.9, 240-1 
Indicating 240.81, 404.7 
Markings 240.83, 240.86(A) 
Noninstantaneous trips 240.87 
Overcurrent protection 230.208, 
240-1, 240-VII 
Generators 445.12 
Motors 250.122(D), 430.52, 
430.58, 430.110, 
430.111, 430.225(C)(1) 
Transformers 450.3 


Panelboards 408—III, 408.54, 
408.55 Ex.l 

Rating 

Fixed-trip circuit breakers 
240.6(A), 240.83(C), 
240.86 

Motor branch circuits 430.58 
Service disconnecting means 
230.70, 230.205 
Service overcurrent protection 
230.90, 230.91 
Solar photovoltaic systems 
690.10(E), 690.17 
Switches, use as 240.83(D), 
404.11, 410.141(A) 
Circuit directory, panelboards 
110.22, 408.4(A) 

Circuit interrupters, ground-fault 

see Ground-fault circuit 
interrupters 
Circuits 694-11 

Abandoned supply circuits 

Definition 645.2 
Anesthetizing locations 517.63 
Branch see Branch circuits 
Burglar alarm see Remote- 

control, signaling, and 
power-limited circuits 
Central station see Fire alarm 
systems 

Communication see Communi¬ 
cations circuits 
Control see Control ci: 

Fire alarm see Fire alar] 
terns 

Fuel cell sys tems see Fuef 


ology equip 

□trim rally Stife 504.30 
finiti^^kfcl.2 
^nputlttloutput circuits 
|0.1, 690.6, 690.8, 

|.10, 705.60(A)(2), 
5.65(A) 

6ns 690.2 
l 50 volts Art. 720 
rss 1 725-11 
Grounding 250.20(A) 

More than 600 volts see Over 
600 volts 
Motor 430-11 
Motor control 430-VI 

Definition 430.2 
Number of, in enclosures 
90.8(B) 

Output see Output circuits 
Photovoltaic output 690.1, 

690.4, 690.6(B), 690.7, 
690.8, 690.31(E), 

690.35 

Definition 690.2, 690.85 
Photovoltaic source 690.1, 

690.4, 690.6 to 690.9, 
690.31(E), 690.35, 
690.53 

Definition 690.2, 690.85 
Power-limited see Remote- 

control, signaling, and 
power-limited circuits 




Protectors required 800.50, 
800.90, 800.100, 
800.106, 800.170, 

830.90 

Remote-control see Remote- 
control, signaling, and 
power-limited circuits 
Signal see Remote-control, sig¬ 
naling, and power- 
limited circuits 

Telegraph see Communications 
circuits 

Telephone see Communications 
circuits 

Underground see Communica¬ 
tions circuits 

Ungrounded 210.10, 215.7, 

410.93; see also Con¬ 
ductors, ungrounded 
Circuses see Cami^ls, circuses, 
fairs, and similar events 
Clamp fill, boxes !5l4.16(B)(2) 
Clamps, ground 250.10, 250.70 
Class 1, Jipnd^Bkcuits see 

emote-control, signal¬ 
ing, and pt wfeikl imited 
circuits 

iss I, II, and III locations'see 

zardous (classified) 
locations 

farfaces, grounding con¬ 
ductor connections 

50.12 

ranoes; also Enclosures; 
Space 

nas 810.13, 810.18, 

810.54 

Community antenna systems 
820.44(A)(4), 

820.44(B), 820.44(E), 
820.47, 820.133(A) 
Conductors 

Open, outside branch circuits 
and feeders 225.18, 
225.19 

Overhead service 230.24, 
230.26 
Live parts 

Auxiliary gutters 366.100(E) 

Circuits over 600 volts 110— 

III 

Luminaires 410.116, 410.136 
Network-powered broadband 

communications systems 
830.44 

Premises-powered broadband 

communication systems 
840.44(A)(4) 

Swimming pools 680.8 
Switchboards 408.5, 408.18 
Climbing space, line conductors 
on poles 225.14(D) 
Clothes closets 
Definition 100-1 
Heating 424.38(C) 

Luminaires 410.16 
Overcurrent devices 240.24(D) 
Clothes dryers 

Calculations for 220.54 
Feeder demand factors Table 
220.54, 220.82(B) 
Grounding 250.114, 250.140 


Mobile homes 550.15(E), 

550.16(A), 550.16(B)(3) 
Clothing manufacturing plants 

500.5(D), Art. 503, Art. 
506; see also Hazardous 
(classified) locations 

CO/ALR 

Receptacles 406.3(C) 

Switches 404.14(C) 

Collector rings 490.54, 675.11 
Definition 675.2 
Collectors, cranes and hoists 
610.22 
Color code 

Branch circuits 210.5 
Conductors 310.110, 504.80(C), 
647.4(C) 

Grounded conductor 200.6, 
200.7, 400.22 
Grounding conductor 

250.119, 310.110(B), 
400.23 

Isolated power systems 
517.160(A)(5) 
Ungrounded 210.5(C), 

215.12(C), 310.110(C) 
Heating cables 424.35 
Higher voltage to ground 
Sensitive electronic equip¬ 
ment 647.4(C) 
Service-entrance conductors 
230.56 

Photovoltaic system circuits 
690.4(B) 

Combustible dusts Alt. 502; see 
also Hazardous (classi¬ 
fied) locations 

Combustible gas detection sys¬ 
tems 500.7(K), 505.8(1) 
Definition 500.2, 505.2 
Combustible-liquid produced 
vapors see Hazardous 
(classified) locations 
Commercial garages see Garages, 
commercial 

Common grounding electrode 

250.58 
Common neutral 

Feeders 215.4 
Outside wiring 225.7(B) 
Communications circuits Art. 

800; see also Commu¬ 
nity antenna television 
and radio distribution 
(CATV) systems; 
Premises-powered 
broadband communica¬ 
tion systems; Radio and 
television equipment 
Abandoned cables 800.25 
Definition 800.2 
Access to electrical equipment 
800.21 

Bonding 800.100(A), 

800.100(D), 800.106(B) 
Cable marking 800.179, Table 
800.179 

Cable routing assemblies 
800.182 

Cable substitution Table 
800.154(b) 

Conductors 
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Overhead 800.44 
Within buildings 800-V 
Critical operations power sys¬ 
tems 708.14 
Definitions 800.2 
Dwelling unit communications 
outlets 800.156 
Essential electrical systems 

517.32(D), 517.42(D) 
Grounding 800.93, 800-IV 
Health care facilities 517.32(D), 
517.42(D), 517-VI 
Hybrid power and communica¬ 
tions cables 800.179(1) 
Installation 800-V 
Lightning conductors 800.53 
Listing of communications wires 
and cables 800.113(A), 
800.179 

Listing of equipment 800.18, 
800-VI 

Mechanical execution of work 
800.24 

Mobile homes 800.106 
Multifamily dwellings 
800.113(K) 

One- and two-family dwellings 
800.113(L) 

Protection 800—III 
Devices 800.90 
Grounding 800.100, 
800.106(A) 

Mobile homes, grounding and 
bonding at 800.106 
Primary protectors 800.50, 
800.90, 800.100, 
800.106, 800.170(A), 
830.90 

Secondary protectors 

800.90(D), 800.170(B) 
Raceways 800.133(A)(1), 
800.154, 800.182 
Types of cable 800.179 
Underground circuits entering 
buildings 800.47 
Unlisted cables entering build¬ 
ings 800.48 

Communications equipment 

Definition 100-1 
Community antenna television 
and radio distribution 

(CATV) systems Art. 
820; see also Radio and 
television equipment 
Access to electrical equipment 

820.21 

Cables 

Abandoned coaxial 820.25 
Definition 820.2 
Aerial entrance 820.44 
Within buildings 820-V 
Coaxial 

Definition 820.2 
Entering buildings 820.47 
Listing 820.113(A), 820.154, 

820-VI 

Outside 820.44 
Types of 820.179 
Underground 820.47 
Definitions 820.2 
Energy limitations 820.15 
Grounding 820-IV 


Cables 820.93, 820-IV 
Equipment 820.103 
Installation of cables and equip¬ 
ment 820-V 

Locations 820.3, 820.44(A)(1), 
820.93(D) 

Marking 820.179, Table 820.179 
Mechanical execution of work 
820.24 

Mobile homes 820.106 
Premises community antenna 
television (CATV) cir¬ 
cuit 840.170(D) 
Definition 840.2 
Protection 820—III, 

820.100(A)(6) 

Raceways 820.133, 820.154 
Unlisted cables entering build¬ 
ings 820.48 

Compressors, refrigeration Art. 
440 

Computer rooms see Information 
technology equipment 

Concealed 

Definition 100-1 

Knob-and-tube wiring see Knob- 
and-tube wiring 

Concentric knockouts see Knock¬ 
outs 

Concrete 

Cellular concrete floor raceways 
Art. 372 

Electrodes encased in 250.50 
Ex., 250.52(A)(3), 
250.66(B), 250.68(A) 
Ex.l 

Enclosures supp< 
ment 

Heating cablesHnstallafij 
cone! 

424. 

High densii 

ffquidtight flexible nonmt llic 
conduit^ 5 6.10(7) 
gtal raceways S} equipment 
in 300^B(3) and (B) 
Nonm etal lic underground con- 
nth conductors 

no(2) 

Conductive surfaces, exposed 
Definition 517.2 

Conductor fill 

Audio systems 640.23(A) 
Auxiliary gutters 366.22 
Boxes 314.16(B)(1) and (5) 
Cable trays 392.22 
Cellular concrete floor raceways 
372.11 

Cellular metal floor raceways 
374.5 




Hazardous (classified) locations, 
sealing fittings 
501.15(C)(6), 
505.16(D)(5) 

High density polyethylene con¬ 
duit 353.22 

Intermediate metal conduit 

342.22 

Liquidtight flexible metal con¬ 
duit 350.22 

Liquidtight flexible nonmetallic 
conduit 356.22 
Maximum permitted 300.17 
Nonmetallic underground con¬ 
duit with conductors 
354.100(D) 

Outlet boxes, etc. 314.16 
Reinforcing thermosetting resin 
conduit 355.22 

Remote control circuits ^5.51 
Rigid metal conduit 34 
Rigid polyvinyl chloride conduit 

352.22 
Signs 600.3 l(fl 
Strut-type channel racewl 

2 

Surf acJp aceways 386.22, 
388.22^ 

The|te** 520^ 

Underfloor raceways 390.6 
Wirewa^ 376.22, 378.22 
inductors; see also Cords, flex¬ 
ible; ^^■u;e wires 
Im^-c onductor material 
'0(B) 

minum, properties of Chap. 
9, Table 8 

pacifies of 310.15, Tables 
310.15(B)(16) through 
310.15(B)(21), Tables 
310.60(0(69) through 
310.60(0(86), 
B.310.15(B)(2)(1) 
through 

B.310.15(B)(2)(10) 
Amusement attractions 522.20 
through 522.24 
Applications 310.104 
Armored cable, Type AC see 
Armored cable (Type 
AC) 

Bare see Bare conductors 
Bending radius 300.34 
Bonding see Bonding conduc¬ 
tors 

Boxes and fittings, junction 
314.16, 314.17 
Branch circuits Art. 210; see 
also Branch circuits 
Bundled, in theaters, etc. 
Definition 520.2 



Control circuits 517.74(A) 
Electrical metallic tubing 358.22 
Electrical nonmetallic tubing 

362.22 

Elevators 620.32, 620.33 
Fixture wire 402.7 
Flexible metal conduit 348.22, 
Table 348.22 

Flexible metallic tubing 360.22 
General installations 300.17 


Buried 310.10(F) 

Busways see Busways 
Cabinets and cutout boxes 312.5 
through 312.7 
Cablebus see Cablebus 
Calculations, examples Annex D 
Capacitors 460.8 
Cellular concrete floor raceways 
see Cellular concrete 
floor raceways 


Cellular metal floor raceways 
see Cellular metal floor 
raceways 

Circuit 

Communications Art. 800 
Control, health care facilities 
517.74 

Fire alarm Art. 760 
Less than 50 volts Art. 720 
Over 600 volts Art. 490 
Signal, remote-control, 

power-limited Art. 725 
Combinations Chap. 9, Table 1 
Communications circuits 800-11, 
800-V 

Concealed knob-and-tube see 
Knob-and-tube wiring 
Conduit or tubing, number in 

342.22, 344.22, 348.22, 
Table 348.22, 350.22, 

352.22, 353.22, 354.22, 

356.22, 358.22, 360.22, 

362.22, Chap. 9 Tables, 
Annex C 

Construction specifications 310— 
III, Tables 310.104(A) 
through 310.104(C) 
Cooling of electric equipment 
110.13(B) 

Copper 110.5, 505.18(A), 
760.49(C) 

Ampacities Tables 

310.15(B)(16) through 
310.15(B)(21), Tables 
310.60(C)(69) through 
310.60(C)(86), 
B.310.15(B)(2)(1) 
through 

B.310.15(B)(2)(10) 
Properties Chap. 9, Table 8 
Copper-clad aluminum 
Definition 100-1 
Equipment-grounding con¬ 
ductors 250.120(B) 
Cords, flexible see Cords, flex¬ 
ible 

Corrosive conditions see Corro¬ 
sive conditions 

Covered 

Definition 100-1 
Crane and hoists 610-11, 610- 
III, 610.41 

Damp locations 310.10(B) and 
(C), Table 310.104(A) 
Definitions 100-1 
Deflection of see Deflection of 
conductors 

Different systems 300.3(C), 
725.48 

Dimensions of Chap. 9, Table 4 
Dry locations 310.10(A) and 
(B), Table 310.104(A) 
Electrical metallic tubing see 
Electrical metallic tub¬ 
ing 

Electrical nonmetallic tubing see 
Electrical nonmetallic 
tubing 

Elevators, dumbwaiters, escala¬ 
tors, moving walks 
620-11 through 620-IV 
Enclosure, grounding 250-IV 
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Conduit bodies 


Grounding electrode conduc¬ 
tors 250.64(D), 
250.64(E) 

Equipment grounding see Equip¬ 
ment grounding conduc¬ 
tors 

Feeder Art. 215 
Fire alarm systems 760.48, 
760.49, 760.130 
Fixture wires Art. 402 
In free air Tables 310.15(B)(17), 
310.15(B)(19), 
310.15(B)(21) 

Gauges (AWG), general provi¬ 
sions 110.6 

General wiring Art. 310 
Generators, size 445.13 
Grounded 

Alternating current systems 
250.24, 250.26 

Identification 200.6, 200.7, 
210.5(A) 

Change in size 240.23 
Continuity of 300.13(B) 
Definition 100-1 
Different systems 200.6(D) 
Electrode-type boilers, over 
600 volts 490.72(E) 

Flat conductors, nonmetallic 
extensions 382.104(B) 
Fuses in 430.36 
Minimum rating and size 
215.2(A)(2) 

Motor controllers 430.85 
Overcurrent protection 
230.90(B), 240.22 
Panelboards, termination in 
408.41 

Separately derived systems 
250.30(A) 

Services 

Disconnection of 230.70, 
230.75 

Overcurrent protectio 
230.90(B) 

Solar photovoltaic systems 
690.5(A) 

Switches, disconnection 
404.2(B) 

Use and identification Art. 

200 

Grounded power systems in 

anesthetizing locations 
517.63 

Grounding see Grounding con¬ 
ductors 

Grounding electrode see 

Grounding electrode 
conductors 
Grouped 

Definition 520.2 
Identification 310.110 
Induction and dielectric heating 
equipment, ampacity of 
supply 665.10 

Industrial control panels 409.20 
Installation 310-11 

Other systems, with 300.8 
Insulated 

Definition 100-1 


Lighting systems operating at 
30 volts or less 
411.5(D) 

Insulating materials 310.104 
Insulation Art. 310 

At bushings, 4 AWG and 
larger 300.4(G), 

312.6(C) 

Construction and application 
310.104 

Elevators, dumbwaiters, esca¬ 
lators, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620.11 
Fire alarm systems 760.49(B) 
Fixtures 410.52, 410.117(A) 
Hazardous (classified) loca¬ 
tions 501.20, 505.18(B) 
Identification 310.110 
Line-type fire detectors 
760.179(J) 

Marking 310.120 
Motion picture projectors 
540.14 

Reinforced thermosetting 
resin conduit 355.10(1) 
Service conductors 230.22, 
230.30, 230.41 
Splices and joints 110.14(B), 
400.9, 530.12(B), 
590.4(G) 

Switchboards 408.19 
Theaters 520.42 
Intrinsically safe 504.3 1 
Length in boxes 300.14 
Length in surge protectivi 

Lightnin, ng froi 

2 . 

E44(E)(3) 

r Liquidtigtit " 

: metal conduit 
Je nonmetallic 
kLiquidtight 
mimetallic 

Iduit 

310.106(B) 

I cable see Metal-clad 
^cable 

f enclosures, spacing from 
lightning rods 250.106 
IN No. 2 

Mineral-insulated metal-sheathed 
cable see Mineral- 
insulated metal-sheathed 
cable (Type MI) 
Minimum size 230.31, 230.42, 
310.106(A), 517.74(B), 
620.12, 650.6(A), 660.9, 
725.49(A), 760.49(A), 
760.142, 810.17, 810.53 
Motion picture projectors 540.13 
Motor circuits 430.6, 430-11 
Multioutlet assembly see Multi¬ 
outlet assembly 
Multiple 250.102(C), 

250.122(F), 300.5(1) Ex. 
1, 300.20, 310.10(H), 
392.20(C), 

520.27(A)(2), 

620.12(A)(1), 

690.4(B)(3) 




Neutral see Neutral 
Nonmetallic extensions see Non¬ 
metallic extensions 
Nonmetallic sheathed cable, 

Types NM, NMC, and 
NMS see Nonmetallic- 
sheathed cable (Types 
NM, NMC, and NMS) 
Number of, in see Conductor fill 
Organs 650.6, 650.7 
Outdoor overhead conductors 
over 600 volts Art. 399 
Outlet boxes, temperature limits 
410.21 

Outside wiring Art. 225 
Overcurrent protection 240.4 
Cablebus conductors 370.5 
Grounded conductors 
230.90(B), 240.22 
Service-entrance conductors 
230.90, 230.91, 230.208 
Overhead s offic e see Overhead 
^^^.conductors 

Over 

overhead .conductors 
Art. 399 
alleled 250.': 

0.102(C), 25(1W2(F), 

‘ .5(1) Ex. 1, 300.20, 
r 310.10(H), 392.20(C), 
520.27(A)(2), 
520.53(H)(2), 
20.12(A)(1) 
lendanl^tures 410.54 

:ies of Chap. 9, Table 8 
ays, number of conduc¬ 
tors in see Conductor 
fill 

Radio and television equipment 
and antenna systems 
810.4, Art. 820 

Railway, power and light from 
110.19 

Recreational vehicle site feeder 
circuit 551.73, 551.80 
Definition 551.2 

Remote-control circuits Art. 725 
Rigid metal conduit see Rigid 
metal conduit 
Same circuit 300.5(1) 

Selection of, examples Annex D 
Service; see also Overhead ser¬ 
vice conductors; 
Service-entrance cable 
(Types SE and USE); 
Service-entrance con¬ 
ductors 

Definitions 100-1 
Service-entrance see Service- 
entrance conductors 
Signal circuits Art. 725, Art. 

760 

Signs and outline lighting 

600.31, 600.32, 600.33 
Single 392.10(B)(1), 392.20(D), 
392.22(B), 392.80 
Sizes 110.6, 540.13, 810.16, 
Table 810.16(A), 

810.17, 810.53, Chap. 9, 
Tables 5 and 5A; see 
also subhead: Minimum 


Spliced 230.33, 230.46 
Stranded 310.106(C), Chap.9, 
Table 10 

Support of, in vertical raceways 
300.19 

Surface raceway see Strut-type 
channel raceway; Sur¬ 
face metal raceways; 
Surface nonmetallic 
raceways 

Switchboards and panelboards 
408.3(A), 408.19 
Temperature, limitations of 
310.15(A)(3), 
338.10(B)(3) 

Theaters, portable stage equip¬ 
ment 520.68 
Tunnels 110.53, 110.54 
Underfloor raceway see Under¬ 
floor raceways 

Underground feeder and branch- 
circuit cable see Under¬ 
ground feeder and 
branch-circuit cable 
(Type UF) 

Underground service 
Definition 100-1 
Ungrounded 

Fixed electric space-heating 
equipment 424.99(C)(5) 
Flat conductors, nonmetallic 
extensions 382.104(A) 
Grounding separately derived 
systems 250.30(B) 
Identification 210.5(C), 
215.12(C) 

Insulated fittings 300.4(G) 
Lampholders 410.93 
Multiple branch circuits 210.7 
Overcurrent protection 240.15 
Services 230.90(A) 

Tapped from grounded sys¬ 
tem 210.10 
Welders, electric 

Ampacity of supply 630.11, 
630.31 

Overcurrent protection 

630.12(B), 630.32(B) 
Wet locations 225.4, 310.10(C), 
Table 310.104(A) 
Wireways see Wireways, metal; 

Wire ways, nonmetallic 
X-ray equipment 517-V, 660.6 
through 660.9 

Conduit bodies; see also Boxes 

(outlet, device, pull, and 
junction) 

Definition 100-1 
Marking 314.44 
Number of conductors 
314.16(C) 

Over 600 volts 314-IV 
Pull and junction box 314.28 
Short radius 314.16(C)(3) 
Support of 

Cable trays 392.18(G) 

By reinforcing thermosetting 
resin conduit 355.10(H) 
By rigid nonmetallic conduit 
352.10(H) 
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Conduit till; see also Conductor 
fill 

Equipment grounding conduc¬ 
tors Chap. 9, Note 3 
Grounding conductor 
310.15(B)(6) 

Conduit nipples Chap. 9, Note 4 

Conduits 

Boxes supporting 314.23(H)(2) 
Circuits, physical protection of 
remote control 
725.31(B) 

Conductors, number in Chap. 9, 
Table 1, Annex C, 
Tables Cl through 
C12(A) 

Dimensions Chap. 9, Table 4 
Electrical metallic tubing see 
Electrical metallic tub¬ 
ing 

Electrical nonmetallic tubing see 
Electrical nonmetallic 
tubing 

Flexible metal see Flexible 
metal conduit 

High density polyethylene con¬ 
duit (Type HDPE) see 
High density polyethyl¬ 
ene conduit (Type 
HDPE) 

Intermediate metal see Interme¬ 
diate metal conduit 
Liquidtight flexible metal see 
Liquidtight flexible 
metal conduit 

Liquidtight flexible nonmetallic 
see Liquidtight flexible 
nonmetallic conduit 
Metallic, grounding runs 7.5 m 
(25 ft) 250.86 Ex.l 
Number of fixture wires in 
402.7 

Outside wiring 225.10 
Rigid metal see Rigid metal 
conduit 

Rigid polyvinyl chloride see 

Rigid polyvinyl chloride 
conduit 

Connections 

Aluminum, copper conductors 
110.14 

Busways 368.238 
Cellular metal floor raceways to 
cabinets and extensions 

374.11 

Essential electrical systems 

517.34, 517.42, 517.43, 
517.45 

Fuel cell systems to other cir¬ 
cuits 692-VII 

Grounding conductor 250—III, 
250-VI 

High-impedance grounded neu¬ 
tral system 250.186(C) 
Integrity of 110.12(B) 

Multiple circuit see Multiple 
circuit connections, 
grounding 

Point of interconnected power 
production sources 

705.12 

Splices 110.14(B) 


Switches 404.2 
Temperature limitations 

110.14(C), 110.40 
Terminals, general provisions 
110.14(A) 

X-ray installations 517.71 
Connectors 

Armored cable 320.40 
Boxes 314.17 
Breakout assembly 
Definition 520.2 
Cabinets and cutout boxes 
312.5(C) 


Raceways and cables 300.10, 
300.12 

Conductors 300.13 
Grounded conductor of 
multiwire circuits 
300.13(B) 

Wire ways 376.100(A) 
Continuous duty 
Definition 100-1 
Motors see Motors, Continuous 
duty 

Continuous industrial processes 

Coordination, electrical system 


Cable 

Definition 324.2 
Theater 520.67 

Connector strip 520.44, 520.46 
Definition 520.2 

Electrical metallic tubing 358.42 
Electric vehicle 625.19 
Definition 625.2 
Flexible metal conduit 348.42 
Intermediate metal conduit 
342.42 

Liquidtight flexible metal con¬ 
duit 350.42 

Liquidtight flexible nonmetallic 
conduit 356.42 

Pressure (solderless) 250.8(3), 
250.70 

Definition 100-1 
Rigid metal conduit 344.42 
Single-pole separable 520.53(K^ 
530.22 

Definition 530.2 
Solar photovoltaic : 

690.33 

Constant-voltag 

44 ^ 

Overcurrent^ 

445.125 

Con struction, cl osed 

conduct 

Extension cord*sets 590.6(A) 
SffB)(2) 

Ground-fault circuit interrupter, 
protection for 590.6(A) 
and (B)(1) 

Continuity 

Electrical 

Cable trays 392.60(A) 
Equipment grounding con¬ 
ductors 250.124 
Grounded conductors 
200.2(B) 

Gutters, auxiliary 366.100(A) 
Metal raceways and cables 
250.96, 250.97, 300.10 
Service equipment 
250.92(B), 250.94 
Wireways 376.100(A) 
Grounding, metal boxes, 

grounding-type recep¬ 
tacles 250.148 
Mechanical 

Gutters, auxiliary 366.100(A) 




240.12 

Ground-fault protection 230.95 
Ex. 

Orderly shutdown 430.44 
Power loss hazard 240.4(A) 
Continuous load 

Applications 210.19(A), 

210.20(A), 215.2(A) 
Definition 100-1 
Control; see also Hazardous (clas¬ 
sified)^ 

Remote 

Circuits Wi*' Remote-con! 

paling, and power^ 
imited circuits 
Of ipductiqnfand dielectric 

equipment 665.7 
X-ray equipnient 517-V, 660-11 
Control cent 

flash hazard warning 110.16 

_live jiarts 110.27 

Headroom 110.26(E), 110.32 
ination fit 110.26(D), 
110.34(D) 
otor 430-VIII 
Definition 100-1 
forking spaces about 110.26 
forking space 110.26, 110.32 
through 110.34 
Control circuits 430-VI 

Amusement attractions 522-11, 
522-IB 

Definition 409.2, 430.2, 522.2 
Control drawing 504.10(A) 
Definition 500.2, 504.2 
Controllers; see also Hazardous 
(classified) locations 
Agricultural buildings 547.6 
Air-conditioning and refrigerat¬ 
ing equipment 440.5, 
440-V 

Cases, grounding 250.112(D) 
Charge controllers 

Definition 690.2, 694.2 
Solar photovoltaic systems 
690.4(D), 690.35(G), 
690.72 

Definition 100-1 
Diversion load controllers 

694.7(C), 694.75(B)(2) 
Definition 694.2 
Enclosures, grounding 
250.112(D) 

Motion 

Definition 620.2 
Motor 430-VII 
Definition 620.2 
Disconnecting means 430.75, 
430-IX, 430.227 


Electrically operated pool 
covers 680.27(B)(1) 
Hazardous (classified) loca¬ 
tions 501.115, 502.115, 
503.115 
Marking 430.8 
Tunnels 110.55 
Operation 

Definition 620.2 
Ratings 430.83 

Resistors and reactors see Resis¬ 
tors and reactors 

Control panels; see also Industrial 
control panels 
Working space 110.26 
Control room 

Branch circuits, lighting and 
receptacles 620.23 
Definition 620.2 
Wiring 620.21(A)(3) 

Control space 

Branch circuits, lighting and 
receptacles 620.23 
Definition 620.2 
Wiring 620.21(A)(3) 

Control system 
Definition 620.2 

Convenience outlets see Recep¬ 
tacles 

Conversion table, AC conductor 
resistances and reac¬ 
tances Chap. 9, Table 9 
Converters 

Definition 551.2 
Phase see Phase converters 
Recreational vehicle 
Definition 551.2 

Cooking unit, counter-mounted; 

see also Ovens, wall- 
mounted; Ranges 
Branch circuits 210.19(A)(3), 
210.23(C), 220.55 
Definition 100-1 
Feeders, calculation of load 
220.82(B)(3) 

Grounding 250.140 
Cooling of equipment 110.13(B) 
Coordination, electrical systems 

240.12 

Definition 100-1 
Feeders 240.100(C), 517.17(B) 
Overcurrent protective devices 
Emergency systems 700.27 
Legally required standby sys¬ 
tems 701.27 

Copper-clad aluminum conduc¬ 
tors see Conductors, 
copper-clad aluminum 
Copper conductors see Conduc¬ 
tors, copper 

Cord connectors 626.25(B)(5) 
Definition 626.2 

Cords; see also Hazardous (classi¬ 
fied) locations 
Electric-discharge luminaires 
410.62(C)(1) 

Flexible Art. 400, 422.16, 

422.43 

Air conditioner 440.64 
Ampacities Table 400.5 
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Audio signal processing, am¬ 
plification, and repro¬ 
duction equipment 
grouping conductors 
640.8, 640.42, 640.45 
Bending radii, minimum 
400.34 

Construction specifications 
400-11 

Emergency systems 700.12(F) 
Equipment grounding con¬ 
ductors 

Identification 400.23 
Over 600 volts 400.31(B), 
400.32, 400.33 
Size of 250.122(E) 

Fittings 400.35 
Hazardous (classified) loca¬ 
tions 505.17, 506.17 
Identified conductors within 
200.6(C), 250.119(C), 
400.22, 400.23 
Insulation Table 400.4, 
400.21(B) 

Labels 400.20 

Lampholders, insulating bush¬ 
ings 410.62(A) 
Manufactured wiring systems 
604.6(A)(3) 

Marking 400.6 
Motion picture projectors 
540.15 

Office furnishing 605.8(A) 
Outlets 

Covers 314.25(C) 

Required 210.50(B) 
Overcurrent protection 240.5, 
400.13 

Over 600 volts 400-III 
Power-limited and signal cir¬ 
cuits, remote-control 
725.49(A) 

Pull at joints and termin 
400.10 

Repair of, hard service 400H 
Showcases, wall cases 410.59^ 
Small wind electric systems 
694.30(B) 

Solar photovoltaic systems 
690.31(C) 

Splices and taps 400.9, 

400.36, 530.12(A) and 
(B) 

Construction sites 590.4(G) 
Swimming pools, fountains, 
and similar installations 
680.7, 680.21(A)(5), 
680.23(B)(3), 

680.42(A), 680.55(B), 
680.56 

Types 400.4, Table 400.4 
Uses not permitted 400.8 
Uses permitted 400.7 
Heater Table 400.4, 422.43(A) 
Tinsel 

Overcurrent protection 400.13 
Types Table 400.4 
Cord sets see Extension cord sets 


Correction factors, ambient tem¬ 
perature Tables 
B.310.15(B)(2)(1) 
through 

B.310.15(B)(2)(10), 
Tables 310.15(B)(16) 
through 310.15(B)(20) 
Corrosion protection see Protec¬ 
tion, corrosion 
Corrosive conditions 

Agricultural buildings, wiring in 
547.5(C)(3) 

Armored cable 320.12(4) 
Bushing 430.13 
Cablebus 370.3 

Conductors and conductor insu¬ 
lation 300.6, 310.10(G), 
505.18(B) 

High density polyethylene 
conduit 353.10(2) 

Rigid polyvinyl chloride con¬ 
duit 352.10(B) 
Deteriorating agents 110.11 
Flat cable assemblies 322.12(1) 
Flat conductor cable 324.12(2), 
324.101 

Luminaires installed in 
410.10(B) 

Nonmetallic wireways 378.10(2) 
Open wiring on insulators 
398.15(B) 

Reinforcing thermosettj 
conduit 355.10i 
Surface metal raceways 
386.12(3) 

Countertops, outlets 210.52(C) 

Groundjpmlt circuit interrupt! 

^>10.8( Aj£_ 

Couplings 

luc tubing 355.42 
netal conduit 

: flexible nonmetallic 
toduit 356.42 
Rigid metal conduit 344.42 
Rigid polyvinyl chloride con¬ 
duit, expansion fittings 
r 352.44 

PTning threads at 342.42(B), 
344.42(B) 

Threaded and threadless 
250.92(B) 

Cove lighting, space for 410.18 
Covers 

Auxiliary gutters 366.100(D) 
Boxes and fittings 314.25, 
314.28(C), 314.41, 
314.42, 314.72(E) 

Cable 650.6(D) 

Cable trays 392.18(C) 

Faceplates see Faceplates 
Luminaires fixtures, outlet boxes 
for 410.22, 410.23 
Pool cover, electrically operated 
680.27(B) 

Definition 680.2 
Strut-type channel raceways 
384.100(C) 

Wireways 376.2, 376.56(B)(4), 
376.100(D), 378.2 


Cranes Art. 610; see also Hoists 
Conductors 610-11, 610—III 
Control 610-VI 
Disconnecting means 430.112 
Ex., 610-IV 
Electrolytic cells 668.32 
Flexible cords 400.7(A)(5) 
Grounding 250.22(1), 

250.112(E), 250.116(1), 
610-VII 

Hazardous (classified) locations 
503.155, 610.3(A) 
Marinas and boatyards 555.23 
Motors and controllers, discon¬ 
necting means 430.112 
Ex. 

Overcurrent protection 610-V, 
610.53 

Critical branch 517.33, 517.43 
Definition 51 7^ 

Critical care ar0^517.19, 
517.45(C) 

Definition 51 1 

Critical operations data system 

645.10(Br^ 
finition 645.2 

tical operations power^s- 

ms Art.708, Annex F 
iility and reliability for 
Annex F-I 

firing and equipment 
II 

missioning 708.8 
nition 708.2 
Definitions 708.2 
Development and implementa¬ 
tion of functional per¬ 
formance tests (FPTs) 
Annex F-II 

Emergency operations plan 
708.64 

Grounding 708.20(C) 
Overcurrent protection 708-1V 
Physical security 708.5 
Power sources and connection 
708—III 

Risk assessment 708.4 
System performance and analy¬ 
sis 708-V 

Testing and maintenance 708.6, 
708.8 

Cross sectional areas 

Conductors Chap. 9, Tables 5 
through 8 

Conduits Chap. 9, Table 4 

Current-carrying capacities see 

Ampacities 

Current-limiting devices; see also 
Circuit breakers; Fuses 
Definition 240.2 

Curtain machines, theaters 

520.48 

Cutout bases see Fuseholders 

Cutout boxes; see also Cabinets, 
cutout boxes, and meter 
socket enclosures 
Definition 100-1 

Cutting tables, motion picture 
530-1V 



-D- 

Dampers (flue), control 

Fixed stage equipment, smoke 

ventilator control 520.49 
Ventilating openings, trans¬ 
former vaults 450.45(E) 
Damp or wet locations 110.11; 

see also Wet locations 
Agricultural buildings 
547.5(C)(2) 

Boxes and fittings 314.15 
Busways 368.12(D) 

Cabinets and cutout boxes 312.2 
Cablebus 370.3 
Conductors, types 310.10(B), 
310.10(C), Table 
310.104(A) 

Definition 100-1 
Electric signs and outline light¬ 
ing 600.42(G)(2), 
600.42(H)(2) 

Fixed electric space-heating 
equipment 424.12(B) 
Lampholders 410.96 
Luminaires 410.10(A) 

Open wiring 398.15(B) 
Overcurrent protection, enclo¬ 
sure 240.32 
Panelboards 408.37 
Receptacles 406.9 
Reinforcing thermosetting resin 
conduit 355.10(E) 

Rigid polyvinyl chloride conduit 
352.10(D) and (E) 
Switchboards 408.16 
Switches 404.4 
Dance halls Art. 518 
Data processing systems see In¬ 
formation technology 
equipment 
DC systems 250-VIII 

Grounding 250.162, 250.164 
Luminaires, installation of 
410.134 

Dead ends 

Busways 368.58 
Cablebus 370.7(2) 

Flat cable assemblies 322.40(A) 
Wireways 376.58, 378.58 

Dead front 

Definition 100-1, 551.2 
Instruments, meters, and relays 
on 250.174(B) 
Recreational vehicles 551.2, 
551.45(C) 

Stage switchboards 520.21 
Working spaces about 
110.26(A)(1) 

Decks, receptacles for 
210.52(E)(3) 

Definitions Art. 100 
Deflection of conductors 
Auxiliary gutters 366.58(A) 
Cabinets and cutout boxes 312.6 
Deicing installations see Fixed 

outdoor electric deicing 
and snow-melting 
equipment 

Delta breakers 408.36(C) 
Delta-connected 

Grounding separately derived 
systems 250.30(A)(3) 
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Identifying high-leg, 3-phase 
supply, 4-wire 110.15, 
230.56, 408.3(E), 
408.3(F), 409.102 
Demand factor; see also Loads 
Definition 100-1 

Detached buildings, oil-insulated 
transformers in 450.26 
Ex. 5 

Detearing equipment, electro¬ 
static 516.4(E) 
Deteriorating agents 110.11 
Device; see also Receptacles; 
Switches 
Definition 100-1 
Device or equipment fill for 
boxes 314.16(B)(4) 
Diagnostic equipment 517.73(A) 
Diagrams 

Adjustable speed drive control 
Fig. D.10 

Autotransformer overcurrent 
protection Fig. 450.4 
Cable installation dimensions, 

underground Fig. 310.60 
for use with Tables 
310.60(C)(77) through 
310.60(0(86), Figs. 
B.310.15(B)(2)(2) 
through 

B.310.15(B)(2)(5) for 
use with Tables 
B.310.15(B)(2)(5) 
through 

B.310.15(B)(2)(10) 
Cable substitution hierarchy 
Communications systems Fig. 

800.154 

Community antenna TV and 
radio distribution sys¬ 
tems Fig. 820.154 
Fire alarm systems Fig. 
760.154(D) 

Optical fiber cables Fig. 

770.154 

Remote control, signaling, 
and power limited cir¬ 
cuits Fig. 725.154(G) 
Elevators, dumbwaiters, escala¬ 
tors, etc. 

Control system Fig. 620.2 
Single line diagram Fig. 
620.13 
Feeders 215.5 

Generator field control Fig. D.9 
Hazardous (classified) locations. 
Class I, Zones 0, 1, and 
2, marking 505.9(C)(2) 
Hazardous (classified) locations 
adjacent to dispensers 
Fig. 514.3 

Luminaires, closet storage space 
Fig. 410.2 

Marine terminal handling flam¬ 
mable liquids Fig. 515.3 
Mobile homes, receptacle and 
attachment plug Fig. 
550.10(C) 

Motor feeder and branch circuits 
Fig. 430.1 


Park trailers, receptacles and 
attachment plugs Fig. 
552.44(C) 

Recreational vehicles, recep¬ 
tacles and attachment 
plugs Fig. 551.46(C) 
Remote control, signaling, and 
power limited circuits, 
Class 2 and 3 circuits 
Fig. 725.121 
Services Fig. 230.1 
Solar photovoltaic systems, 

identification of compo¬ 
nents Fig. 690.1(A) and 

(B) 

Spray application, dipping, and 
coating Figs. 
516.3(C)(1), (C)(2), 

(C) (4), and (C)(5) 
Swimming pools, clearance 

from pool structures 
Fig. 680.8 

Dielectric heating; see also Induc¬ 
tion and dielectric heat¬ 
ing equipment 
Definition 665.2 

Different systems, conductors in 
same enclosure 

300.3(C), 725.48, 
725.136(B), 760.48, 
760.136, 800.47(A) 
800.133(A), 810.18(C 
820.133(A) 

Dimensions 

Conductors Chap. 9, Tables 5 
through 8 
Conduits and tul 
Table. 

Dimmers 

Emergency 

700.23' 

SoUd-state-type 5 


520.25, 

*20.53(F)(1) 
04.14(E); see 
' switches 

isential electrical 
systems 517.42(E) 

Dip tanks Art. 516 
Direct burial 

Ampacities, modification of Fig. 
310.60, 310.60(C)(2), 
Table 310.60(C)(81) 
through 310.60(C)(85) 

Corrosion protection 

Aluminum metal equipment 
300.6(B) 

Ferrous metal equipment 
300.6(A)(3) 

Grounding conductor connection 
250.68(A) Ex. 1, 250.70 

High density polyethylene con¬ 
duit 353.10 

Liquidtight flexible metal con¬ 
duit 350.10(3), 350.120 

Liquidtight flexible nonmetallic 
conduit 356.10(4), 
356.10(7) 

Metal-clad cable 330.10(A)(5) 




Dining ai 



Nonmetallic underground con¬ 
duit with conductors 
354.10(1) 

Over 600 volts 300.50 
Premises-powered broadband 
communication, optical 
fiber cables for 
840.47(B) 

Rigid metal conduit Table 300.5, 
344.10(A)(2), 344.10(B) 
Rigid polyvinyl chloride conduit 
300.50(C), 352.10(G) 
Bulk storage plants 515.8 
Service stations 514.8 Ex. 2 
Underground feeder and branch- 
circuit cable 340.10(1) 
Underground service cable 

230.30 Ex., Table 300.5, 
310.10(F) 

Disconnecting means 

Agricultural buildings^ 
Air-conditioning and®Frigerat- 
ing equipment 440-11, 
440.62 

Appliances^^2-III 
Branch fijflnts, multi wire 
0.4(B) 

ors 460.8(C) 
s, circuses, fairs, and 
events 
1(A) 

Cranes 430.112 Ex., 610-IV 
Definitions 1(1^100-11, 551.2 
Electric deicing^now-melting 
SUfeent 426.50 
ctric pipeline, vessel heating 
equipment 427.55 
ectric space heating equipment 
424-III 

lectric vehicle charging system 
equipment 625.23 
Electrolytic cells 668.13 
Electroplating systems 669.8 
Elevators 620-VI, 620.91(C) 

Fire pumps 695.4(B) 

Fixed electric heating equipment 
for pipelines and vessels 
427.55 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.50 
Fuel cell systems see Fuel cell 
systems 
Fuses 240.40 
Generators 445.18 
Identification 110.22, 230.70(B), 
620.51(D) 

Induction and dielectric heating 
equipment 665.12 
Industrial control panels 409.30 
Industrial machinery 670.4(B) 
Information technology equip¬ 
ment 645.4(1), 645.10 
Interconnected electric power 
production sources 
705.20 through 705.22 
Irrigation machines 675.8 
Luminaires 410.130(G), 
410.141(A) 

Marinas and boatyards 555.17 
Mobile homes 550.11 


Motors and controllers 430.75, 
430.95, 430-IX, 
430.128, 430.227 
Naturally and artificially made 
bodies of water, electri¬ 
cal equipment for 
682.14 

Outside branch circuits and 

feeders 225.31, 225.51, 
225.52 

Over 600 volts, mobile and por¬ 
table equipment 
490.51(D) 

Parking space 626.22(D), 

626.24(C), 626.31(A) 
Definition 626.2 
Phase converters 455.8, 455.20 
Pools, spas, and hot tubs 680.12 
Portable equipment 517.17(C) 
Receptacles, cord connectors 
and attachment plugs 
(caps) 422.33, 440.63 
Recreational vehicle parks 
551.77(B) 

Recreational vehicles 551.45(C) 
Sensitive electronic equipment, 
lighting equipment 
647.8(A) 

Separate building on same pre¬ 
mises 250.32(D) 
Services 230-VI, 250.64(D) 
Connections, ahead of 230.82 
Over 600 volts 225.51, 
225.52, 230.205, 
230.206 

Shore power connections 555.17 
Signs and outline lighting 600.6 
Small wind electric systems 
694—III, 694.70(F) 

Solar photovoltaic systems 
690.4(G), 690.6(C), 
690-III, 690.35(A), 
690.56, 690.71(E), 
690.71(F) 

Standby systems, optional 
702.12 

Storage batteries 480.5 
Temporary circuits 590.4(E) 
Tunnels 110.58 
Welders 630.13, 630.33 
X-ray equipment 517.72, 660.5, 
660.24 

Discontinued outlets see Outlets, 
discontinued 

Dissimilar metals see Metals, 
dissimilar 

Distribution panelboards see 

Panelboards 

Distribution point 547.9 
Definition 547.2 

Diversion load 694.75(B)(2) 
Definition 694.2 

Diversion load controller 

694.7(C), 694.75(B)(2) 
Definition 694.2 

Doors, transformer vaults 450.43 

Double insulated 

Appliances and tools 250.114 
Ex., 422.16(B)(1) Ex., 
422.16(B)(2) Ex. 

Pool pumps 680.21(B), 680.31 
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Double locknuts see Locknuts, 
double, required 

Drainage 

Busways 368.236 
Equipment 501.15(F), 505.16(E) 
Oil-insulated outdoor transform¬ 
ers 450.27 

Raceways see Raceways, drain¬ 
age 

Transformer vaults 450.46 

Dressing rooms 

Motion picture studios 530 III 
Theaters 520-VI 

Drip loops 

Conductors entering buildings 
230.24(B)(1), 230.52, 
230.54(F), 398.15(B) 
Service heads 230.54(F) 

Driveways 

Clearance of conductors 225.18 
Overhead service conductors 
230.24(B) 

Drop see Service drops; Voltage 
and volts, drop 

Dryers, clothes see Clothes dryers 

Dry location 110.11; see also 

Damp or wet locations 
Conductors, types 310.10(A) 
and (B), Table 
310.104(A) 

Definition 100-1 
Electric signs and outline light¬ 
ing 600.42(H)(1) 
Portable or mobile 600.10(D) 
Nonmetallic extensions 
382.10(B) 

Open wiring 398.15(A) 
Reinforcing thermosetting resin 
conduit 355.10(E) 

Rigid polyvinyl chloride conduit 
352.10(E) 

Surface raceways 386.10(1), 
388.10(1) 

Switchboards 408.20 

Dry-type transformers 450 

2, 450.8(B), 450.2, 
450.22 

Dual-voltage motor, locked-rotoi 
rating 430.7(B)(3) 

Duct heaters, installation of 

424-VI 

Ducts 

Electrical 310.60(C)(3), Tables 
310.60(0(77) through 
310.60(0(80), Fig. 
310.60, B.310.15(B)(4) 
Definition 310.2, 310.60(A) 
Luminaires in 410.10(C) 

Wiring in 300.21, 300.22, 
725.3(C), 760.3(B), 

770.26, 800.113(B), 
Table 800.154(a), 
800.179(A), 800.182(A), 

820.26, 820.113(B), 
Table 820.154(a), 
820.179(A), 830.113(B), 
Table 830.154(a), 
830.179(B)(1) 

Dumbwaiters see Elevators, 

dumbwaiters, escalators, 
moving walks, platform 
lifts, and stairway chair¬ 
lifts 


Dust-ignitionproof 500.7(B), 
502.15, 506.8(A) 
Definition 500.2, 506.2 
Dusts see Hazardous (classified) 
locations 

Dusttight 500.7(C), 506.8(D) 
Definition 100-1, 500.2, 506.2 
Duty, types 

Definitions 100-1 
Duty cycle, welding 630.31(B) IN 
Dwellings; see also Appliances; 

Boxes; Grounding; and 
similar general catego¬ 
ries 

Arc-fault circuit-interrupter pro¬ 
tection 210.12 

Branch-circuit voltages 210.6(A) 
Definitions 100--I 
Farm, services 220.102(A), 
220.103 

Feeders 

Load, calculations for 

220.14(J), 220.16(A), 
220.82 through 220.85, 
Annex D 

Minimum rating and size 
215.2(A)(4) 

Lighting loads for Table 220.12 
Lighting outlets required 
210.70(A) 

Luminaires 410.135, 

410.140(B); see. 
Luminaires 

Panelboards as services' 
408.3(C), 408.3' 
Receptacle ci rcui ts requiri 

2 i#3ir 

RecepUjjgj letsAjuired 
10.52, 680.22(A) 

:ction bv ground-fault 



-E- 

■ knockouts see Knock¬ 
outs 

Elbows, metal, protection from 
corrosion 300.6 
Electrical datum plane 555.23, 
682.10 to 682.12, 
682.14(B), 682.15 
Definition 555.2, 682.2 
Electrical ducts see Ducts 
Electrical life support equipment 
Definition 517.2 

Electrically operated pool covers 

see Covers 

Electrical metallic tubing (Type 
EMT) Art. 358 
Bends 358.24, 358.26 
Connectors and couplings 
358.42 

Construction specifications 358— 
III 

Definition 358.2 
Grounding 358.60 
Installation 358-11 


Listing 358.6 
Marking 358.120 
Maximum number of conductors 
and fixture wires in 
Tables C.l and C.l(A) 
Number of conductors in 358.22 
Reaming and threading 358.28 
Securing and supporting 358.30 
Size 358.20 

Splices and taps 358.56 
Uses not permitted 358.12 
Uses permitted 358.10 
Wet locations, in 358.10(C) 
Electrical noise 647.3; see also 
Sensitive electronic 
equipment 

Grounding 250.96(B), 
250.146(D) 

Receptacles 406.3(D) 


,c tubing 

Art. 362 

.26 




ations 362- 


Electrical i 

(Ty E 

Bends ' 

Bushing 
Const! 

"ill 

nition 362.2 
rounding 362.60 
Installation 362-11 
2.48 
g 362.6 
g 362.120 

number of conductors 
fixture wires in 
Tables C.2 and C.2(A) 
er of conductors in 362.22 
Securing and supporting 362.30 
Size 362.20 

Splices and taps 362.56 
Through metal framing members 
300.4(B) 

Trimming 362.28 
Uses not permitted 362.12 
Uses permitted 362.10 

Electric discharge lighting 
Connection of luminaires 
410.24, 410.62(C) 
Definition 600.2 
Hazardous (classified) Class I 
locations 501.130(B)(6) 
Lamp auxiliary equipment 
410.104 
Marking 410.146 
More than 1000 volts 410-XIII 
Signs and outline lighting Art. 
600 

1000 volts or less 410-XII 
Wiring, equipment 410.130(A), 
410-XIII 

Electric heating equipment, fixed 

see Fixed electric heat¬ 
ing equipment for pipe¬ 
lines and vessels; Fixed 
electric space-heating 
equipment; Fixed out¬ 
door electric deicing 
and snow-melting 
equipment 

Electric power production and 
distribution network 

Definition 100-1, 690.2 


Electric power production 

sources see Generators; 
Interconnected electric 
power production 
sources; Solar photovol¬ 
taic systems; Wind elec¬ 
tric systems, small 
Electric signs see Signs, electric 
Electric vehicle charging system 
equipment Art. 625 
Automatic de-energization 
625.19 

Cable Table 400.4, 625.17 
Coupler 625.9 
Coupling method 625.16 
Definitions 625.2 
Disconnecting means 625.23 
Hazardous (classified) locations 
625.28 

Interactive system 625.26 
Listed 625.5 
Marking 625.15 
Primary source, loss of 625.25 
Protection and control 625-IV 
Rating 625.14 
Supply equipment 625.13 
Construction 625—III 
Definition 625.2 
Interlock 625.18 
Locations 625-V 
Markings 625.15 
Ventilation not required 
625.29(C) 

Ventilation required 625.29(D), 
Table 625.29(D) 
Voltages 625.4 
Wiring methods 625-11 
Electric vehicles 
Definition 625.2 
Electric welders see Welders, 
electric 

Electrified truck parking space 
equipment Art. 626 
Definitions 626.2 
General requirements 626.4 
Supply equipment 626—III 
Transport refrigerated unit 
(TRU) 626-IV 

Wiring systems 626-11, 626.22 
Definition 626.2 

Electrodes, grounding 250.64(F); 
see also Grounding 
electrode conductors 
Aluminum 250.52(B)(2) 
Common 250.58 
Community antenna television 
and radio distribution 
systems 820.106 
Concrete-encased 250.50 Ex., 
250.52(A)(3), 

250.66(B), 250.68(A) 
Ex.l, 250.70 
Definition 100-1 
Fuel cell systems 692.47 
Gas piping as 250.52(B)(1) 
Intrinsically safe apparatus 
504.50(C) 

Made 250.50, 250.52 
Metal frame of building as 
250.30(A)(4), 
250.30(A)(8), 
250.52(A)(2), 250.68(C) 
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Metal water piping system 
250.30(A)(4), 
250.30(A)(8), 
250.52(A)(1), 250.68(C) 
Premises-powered broadband 

communications systems 
840.106(A) 

Separately derived systems 
250.30(A)(4), 
250.30(B)(2), 250.30(C) 
System installation 250.53 
Electrolytic cells Art. 668 
Auxiliary nonelectric connec¬ 
tions 668.31 

Cell line conductors 668.12 
Cell line working zone 668.10 
Definition 668.2 
Cranes and hoists 668.32 
DC cell line process power sup¬ 
ply 668.11 
Definitions 668.2 
Disconnecting means 668.13 
Enclosures 668.40 
Fixed electrical equipment 
668.30 

Grounding 668.15 
Portable electrical equipment 


Overcurrent protection 620-VII 
Voltage limitations 620.3 
Wiring 620—III 
Working clearances 620.5 
Emergency systems Art. 700; see 
also Legally required 
standby systems; Op¬ 
tional standby systems 
Capacity 700.4 

Circuits for lighting and power 
700-IV, 700-V 
Circuit wiring 700-11 
Connections at services 230.82 
Control 700-V 
Definitions 517.2, 700.2 
Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620-X 
Health care facilities 
517.30(B)(2), 
517.30(C)(3), 517.31 
Overcurrent protection 700-VI 
Service disconnecting means 
230.72(B) 

Services 230.2(A) 

Signals 700.6 


668.20, 668.21, 668.30 

Signs 700.7 

MoMi 

's. motor 

Shunting means 668.14 

Grounding 700.7(B) 


^ trolleo 

Electronically actuated fuse 

Sources of power 700—III 

Energy-1 

limited, < 

Definition 100—II 

Tests and maintenance 700.3 



Electronic computer/data pro¬ 

Transfer equipment 700.5 a 


signal 

cessing equipment see 

Unit equipment 700.12(F) \ 


72511 

Information technology 

Wiring 700.10 


ment of \ 

equipment 

Enamel, coating of 





Electronic equipment 

Definition 500.2 

Electroplating systems Art. 669 
Branch-circuit conductors 669.5 
Disconnecting means 669.8 
Overcurrent protection 669.9 
Warning signs 669.7 
Wiring methods 669.6 

Electrostatic equipment, spraying 
and detearing paint 
516.4(E), 516.10 

Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and 
stairway chairlifts Art. 
620 

Cables 

Flexible Table 400.4, 
400.7(A)(4), 620.21 
Traveling 620.11(B), 
620.12(A), 620-V 
Clearances, working 620.5 
Conductors 620-11 through 
620-IV 

Definitions 620.2 
Disconnecting means and con¬ 
trol 620-VI, 620.91(C) 
Emergency and standby power 
systems 620-X 
Essential electrical systems 

517.32(G), 517.42(G) 
Ground-fault circuit interrupters 
620.85 

Grounding 250.112(E), 250.116, 
250.136, 620-IX 
Live parts 620.4 
Machine room 620-VIII 


General equipment, in 
only 300.6(A)! 

Metal boxes 314®0(A) 

Metal cabin^^^2.10(A)J 
Removing for groundin 
nectioBs 2503 
Rigk^netal conduit 
KA)G 
Bed 

definition 100^ 
jjjosures; see a/J|>: Hazardous 
(classifieBlocations 
Arcing parts 11 
Bonding 250.96, 250.146 
Buswa^> 368.237 
Cabinets ana cutout boxes 312.7 
through 312.9, 

312.11(D) 

Circuits in, number of 90.8(B) 
Cranes, hoists, resistors 
610.3(B) 

Definition 100-1 
Electrolytic cells 668.40 
Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620.4, 
620-VIII 

Grounding 250.64(D), 

250.64(E), 250-IV 
Handhole enclosures 314.29, 
314.30, 314-IV 
Definition 100-1 
Hazardous (classified) locations; 
see also subhead under 
entries for specific haz¬ 
ardous location involved 


High-intensity discharge lamp 
auxiliary equipment 
410.104(A) 

Indoor use, for Table 110.28 
Induction and dielectric heating 
665.20 

Industrial control panels 409.100 
Installations over 600 volts 
110.31 

Intrinsically safe systems 

504.30(A)(2), 504.50(A) 
Outdoor use, for Table 110.28 
Overcurrent protection 

230.208(B), 240-III, 
312.8 

Panelboards 408.38 
Radio equipment 810.71(A) 
Signs 600.8, 600.42(H) 

Switches 312.8, 404.3, 404.12, 
404.18, 450.8(C)^ 

Types 110.28 

Underground see Underground 
enclosure 

Energized 

Definition IT 

Energized p^R; see also Li^ 
r ts 

uits, and con^ 
XII 

ass 2 and 
3 control and 
circuits 

)(4) 

90.4, 510.2, 

H 

ering supervision see Su¬ 
pervision, engineering 
I'lainment devices 

linition 522.2 

ment; see also specific types 
of equipment 
Approval 90.4, 110.2, Annex H 
80.19 

Cooling of 110.13(B) 

Definition 100-1, 500.2 
Examination of 90.7, 110.3 
Grounding 250-VI 
Installation, general provisions 
Art. 110 

Less than 50 volts Art. 720 
More than 600 volts Art. 490 
Mounting see Mounting of 
equipment 

Sealable see Sealable equipment 
Service 

Definition 100-1 
Signal 

Definition 620.2 

Equipment bonding jumpers see 
Jumpers, bonding 

Equipment grounding conductor 
All and boxes 

314.16(B)(5) 

Equipment grounding conductors 

Armored cable (Type AC) as 

320.108 

Cable trays as 392.10(B)(1), 
392.60 

Capacitor cases connected to 
460.10, 460.27 

Carnivals, circuses, fairs, equip¬ 
ment at 525.30, 525.31 


Connections at outlets 250.146, 
250.148, 400.33 
Definition 100-1 
Earth as 250.4(A)(5), 250.54 
Enclosures 250-IV 
Fixed outdoor electric deicing 
and snow-melting 
equipment 426.44 
Flat conductors nonmetallic ex¬ 
tensions 382.104 
Floating buildings 553.8(C), 

553.10 

Fuel cell systems 692.44, 692.45 
Hazardous (classified) locations 
501.30(B), 502.30(B), 
503.30(B), 506.25(B) 
Health care facilities 517.19(D), 
517.19(F) 

Identification 250.119, 400.23 
Information technology equip¬ 
ment 645.15 

Installation 215.6, 250.120, 
250.130 

Intrinsically safe apparatus con¬ 
nected to 504.50(A) 
Luminaires 410.42, 410.44, 
410.46 

Messenger-supported wiring 
396.30(C) 

Metal-clad cable (Type MC) as 

330.108 

Mineral-insulated metal-sheathed 
cable (Type MI) as 

332.108 

Motor control centers 430.96 
Motor terminal housings 
430.12(E) 

Nonmetallic sheathed (Type 

NMS) cable as 334.108 
Objectionable current over 250.6 
Panelboards 408.40 
Parallel 310.10(H)(5) 

Park trailers, interior equipment 
552.56(B) 

Patient care areas, equipment in 
517.13(B) 

Portable cables over 600 volts 
400.31(B), 400.32, 
400.33 

Receptacles and cord connectors 
406.3(D)(1), 406.4, 

406.10 

Resistor and reactor 

cases/enclosures con¬ 
nected to 470.19 
Signs and outline lighting 
600.7(A) 

Sizing 250.122, 250.190(C)(3), 
310.13 

Small wind electric systems 
694.40 

Snap switches, general-use 
404.9(B) 

Solar photovoltaic systems 

690.43 through 690.46 
Spas and tubs 680.7(B) 
Swimming pools 680.7(B), 
680.23(B)(3), 
680.23(F)(2) 

Switchboard, stage 520.51, 
520.53(H)(2) 
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Fire pumps 


Switch enclosures connected to 
404.12 

Switchgear and control assem¬ 
blies frames connected 
to 490.36, 490.37 
Systems and circuits over 1 kV 
250.190(C) 

Tunnels 110.54(B) 

Types recognized 250.118, 
250.120, 250.134 
Equipment system 
Definition 517.2 
Equipotential plane 547.10, 

682.33 

Definition 547.2, 682.2 
Escalators see Elevators, dumb¬ 
waiters, escalators, mov¬ 
ing walks, platform lifts, 
and stairway chairlifts 
Essential electrical systems, 

health care facilities 
see Health care facilities 
Examples (calculations) Annex D 
Exciters 

Leads in enclosure with other 
conductors 
300.3(C)(2)(c) 
Overcurrent protection for 
445.12(A) 

Exhaust ducts see Ducts 
Exits, emergency lighting for 
517.32(A), 517.32(B), 
517.42(A), 517.42(B), 
700.12(F), 700.16 
Exit signs see Signs, exit 
Expansion joints (fittings) 250.98, 
300.7(B), 352.44, 

355.44, 366.44, 

368.244, 424.44(C), 
424.98(C), 

424.99(C)(1), 426.20(E), 
426.21(C), 426.22(D). 
427.16 

Explanatory material IN 90 S 
Explosionproof equipment 

500.7(A), 501.10(B> 
502.5, 505.16(B)(2) 
Dehnition 100-1, 500.2 
Explosive atmospheres, gases, 

liquids, dusts, ignitible 
fibers/flyings, and lint 
see Hazardous (classi¬ 
fied) locations 

Exposed; see also Enclosures 
Cable trays 392.18(E) 
Conductive surfaces 
Definition 517.2 
Definition 770.2, 800.2, 820.2, 
830.2 

Deicing and snow-melting 
equipment 426.21 
Hazardous (classified) locations 
501.25, 502.25, 503.25, 
505.19 

Live parts 110.26 
Definition 100—I 
Luminaire parts 410.5, 410.42, 
410.46 

Nonmetallic extensions 
382.10(B) 

Receptacle terminals 406.5(F) 


Structural metal, grounding 
250.52(A)(2) 

Transformers 450.8(C) 

Wiring methods 
Definition 100-1 
Open wiring on insulators 
398.15 

Extension cord sets 

On construction sites 590.6(A) 
and (B)(2) 

Overcurrent protection 240.5 

Extensions 

Auxiliary gutters 366.12 

Cellular metal floor raceways 
374.11 

Flat cable assemblies 322.40(D) 

Lighting systems operating at 30 
volts or less, conductors 
for 411.4(A) 

Nonmetallic see Nonmetallic 
extensions 

Surface, boxes and fittings 
314.22 

Surface raceways 386.10(4), 
388.10(2) 

Wireways 376.70, 378.10(4), 
378.70 

Externally operable see Operable, 
externally 


-F- 

Faceplates 

Grounding 404.9(B), 40l 
550.15(D) 

Material 40^406.6 
Minimum thicknesses for 
_>.6 

Mohj^^omes 55 
Mounting surfaces, against 

^404. tWP 

,406.9(E) 

^Carnivals, circuses, fairs, 
nd similar events 
Ceiling fans 
gs, feeder calcula¬ 
tes 220.102; see also 
*,gricultural buildings 
Fault protection device 
^^rnion 830.2 
lauff tolerant external control 
circuits 695.14(A) 
Definition 695.2 

Feeder assembly, mobile homes 

550.10(A) 

Definitions 550.2 
Feeders Art. 215, Art. 220 
Busways 368.17 
Calculation of loads see Loads 
Critical operations power sys¬ 
tems 708-11 
Definition 100-1 
Emergency systems 700.10(D) 
Equipment grounding conduc¬ 
tors 250.122(G) 

Farm buildings, for 220.102 
Ground-fault circuit interrupters, 
with 215.9 

Grounding means 215.6 
Hoistways and machine rooms 
620.37(C) 

Identification 225.37, 230.2(E) 



Kitchen equipment, commercial 
220.56 

Loads see Loads, feeders 
Mobile homes and parks 
550.10(A), 550 III 
Motion picture studios 
530.18(B) 

Motors 430-11 

Outside see Outside branch cir¬ 
cuits and feeders 
Overcurrent protection 215.3 
Accessibility 240.24(A) 

Motor 430-V 

Pools, permanently installed 
680.25 

Recreational vehicle sites 
551.73, 551.80 
Restaurants 220.88 
Services 220-III 
Stage switchboarf 520.27 
Taps 240.21(B| 240.92, 430.28 
Television studio sets 530.19 
Feed-through conductors 
31 

Ferroqs'Wetals; .sSAso Rigid 
metal conduit (Type 
RMC) 

nduced currents in enclU 

raceways 300.20 
from corrosion 
300.6(A) 

ighting 

|r size 225.6(B) 

100-1 

,e stage equipment 520.65 

FestoSff wiring, portable stage 
equipment 520.65 
Fiber bushings, AC cable ends 

320.40 

Fibers/flyings, lint, ignitible Art. 

503, Art. 506; see also 
Hazardous (classified) 
locations 

Fiber-to-the-premises (FTTP) 

840.1 IN 1 
Definition 840.2 
Figures see Diagrams 
Films, motion picture; see also 

Projector rooms, motion 
picture 

Storage vaults 530-V 
Viewing, cutting, patching tables 
530-IV 
Finish rating 

Definition 362.10(2) IN 
Fire alarms see Alarms; Alarm 
systems, health care 
facilities; Fire alarm 
systems 

Fire alarm systems Art. 760 
Abandoned cables 760.25 
Definition 760.2 
Access to electrical equipment 
760.21 

Circuits extending beyond one 
building 760.32 
Connections at services 

230.82(5), 230.94 Ex. 4 
Critical operations power sys¬ 
tems 708.14 
Definitions 760.2 
Grounding 250.112(1) 



Health care facilities 517.32(C), 
517.42(C), 517-VI 
Identification 760.30 
Installation 760.32 
Location 760.3 

Mechanical execution of work 
760.24 

Nonpower-limited circuits 760- 
II, 840.47(A) 

Cable marking 760.176, Table 
760.176(G) 

Conductors 760.49 

Different circuits in same 
raceway, etc. 760.48 
Number of conductors in 
raceway, etc., and derat¬ 
ing 760.51 
Listing 760.176 
Marking 760.176 
Multiconductor cable 760.53 
Overcurrent protection 
760.43, 760.45 
Power source requirements 
760.41 

Requirements 760.35(A) 
Wiring method 760.46, 
760.53(A) 

Power-limited circuits 760 III 
Cable markings 760.179 
Cable substitutions 

760.154(D), Table 
760.154(D) 

Circuit integrity cable 
760.179(G) 

Circuit markings 760.124 
Conductors 

Separation 760.136 
Size 760.142 
Support 760.143 
Installation 760.133, 760.139 
Line-type fire detectors 
760.145, 760.179(J) 
Listing 760.179 
Marking 760.179 
Overcurrent protection Chap. 
9, Tables 12(A) and 
12(B) 

Power sources 760.121 
Requirements 760.35(B) 
Wiring methods and materials 
Load side 760.130 
Supply side 760.127 
Fire detectors, line-type 
760.179(J) 

Fire pumps Art. 695 
Connection at services 
230.72(A) Ex., 
230.82(5), 230.94 Ex. 4 
Continuity of power 695.4 
Control wiring 695.14 
Definitions 695.2 
Emergency power supply Art. 
700 

Equipment location 695.12 
Grounding 250.112(L), 

250.112(M) 

Listing 695.6(H), 695.10 
Motor, overcurrent protection 
430.31 IN 
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Fire pumps 


INDEX 


On-site standby generator 

695.3(B)(2), 695.3(D), 
695.4(B), 695.6(C) Ex. 

2 

Definition 695.2 

Power sources to electric motor- 
driven 695.3 
Power wiring 695.6 
Remote-control circuits 
430.72(B) Ex. 1 
Service equipment overcurrent 
protection 230.90(A) 

Ex. 4 

Services 230.2(A)(1) 

Supervised connection 695.4 
Transformers 695.5 
Voltage drop 695.7 

Fire spread 

Prevention of, wiring methods 

300.21, 725.3(B), 
760.3(A), 770.26, 
800.26, 820.26, 830.26 
Fire-stopped partitions 300.21; 

see also Firewalls 
Firewalls, wiring through 300.21 
Fittings Art. 314; see also Wiring 
methods, Types and 
materials 

Conduit bodies 314.16 
Cords, flexible 400.35 
Definition 100-1 
Expansion see Expansion joints 
(fittings) 

Flat cable assemblies, installed 
with 322.40(C) 
Insulation 300.4(G) 

Integrated gas spacer cable 
326.40 

Fixed electric heating equipment 
for pipelines and ves¬ 
sels Art. 427 
Continuous load 427.4 
Control and protection 427-VII 
Controls 427.56 
Disconnecting means 427.55 
Overcurrent protection 427.57 
Definitions 427.2 
Impedance heating 427-IV 
Definition 427.2 
Grounding 427.29 
Induced currents 427.28 
Isolation transformer 427.26 
Personnel protection 427.25 
Secondary conductor sizing 
427.30 

Voltage limitations 427.27 
Induction heating 427-V 
Definition 427.2 
Induced current 427.37 
Personnel protection 427.36 
Scope 427.35 
Installation 427-11 
General 427.10 
Identification 427.13 
Thermal protection 427.12 
Use 427.11 

Resistance heating elements 
427—III 

Definition 427.2 
Electrical connections 427.19 
Equipment protection 427.22 


Expansion and contraction 
427.16 

Flexural capability 427.17 
Grounded conductive cover¬ 
ing 427.23 
Marking 427.20 
Not in direct contact 427.15 
Power supply leads 427.18 
Secured 427.14 
Skin effect heating 427-VI 
Conductor ampacity 427.45 
Grounding 427.48 
Pull boxes 427.46 
Single conductor in enclosure 
427.47 

Fixed electric space-heating 
equipment Art. 424 
Branch circuits for 424.3 
Boilers 424.82 
Radiant heating panels 
424.95, 424.96 
Cables 424-V 

Area restrictions 424.38 
Clearances, wiring 
Ceilings 424.36 
Other objects, openings 
424.39 

Construction 424.34 
Finished ceilings 424.42 
Installation 

In concrete or poured ma¬ 
sonry floors 424.44 
Nonheating leads 424.43 
Marking 424.35 
Splices 424.40, 424.41(D) 
Tests and inspe ct i ^fiM24 .45 
Control and protsi 

Controllers 42^20(A) 
Disconnecting meansj 
through 424.^ 
Indicating^ 

nt prdl 

\^424.7Q24.82 
*uct heaters 1 
Airflow 424.5 
Condensation 424.62 
S^connectin^Keans, loca¬ 
tion { 

Elevated inlet temperature 

r60 

Fan circuit interlock 424.63 
Identification 424.58 
Installation 424.61, 424.66 
Limit controls 424.64 
Electrode-type boilers 424-VIH 
Installation 424-11 
Location 

Damp or wet locations 
424.12(B) 

Exposed to physical dam¬ 
age 424.12(A) 

Spacing, combustible materi¬ 
als 424.13 

Special permission 424.10 
Supply conductors 424.11 
Listed 424.6 

Load 220.51, 220.82(C), 220.83 
Marking 424—IV 
Boilers 424.86 
Cables 424.35 
Heating elements 424.29 



Nameplates 220.82(C), 

424.28 

Radiant heating panels and 
heating panel sets 
424.92 

Overcurrent protection for 

424.22, 424.72, 424.82 
Radiant heating panels and heat¬ 
ing panel sets 424-IX, 
427.23(B) 

Clearances, wiring 
Ceilings 424.94 
Walls 424.95 
Connection 424.96 
Definitions 424.91 
Installation 424.93, 424.98, 
424.99 

Markings 424.92 
Nonheating leads 424.97 
Resistance-type boilers 424 —VII 
Fixed equipment, groumj 
250.110, 25fl 
250.116,. 

250.13 
5 ml 

Fixed outdoor electric deiciil 
l snow-melting 
^equipment Art. 426 
Branch circuit fjr210.19(A)(4) 
ExJ 

Connections ^-26.24 
Continuous load 426.4 
ontrol and^w^tion 426-VI 
ord-and-plug-^fnected 
KB), 426.54 
ffnitions' 2 P?6.2 
disconnecting means 426.50 
general 426.10 

kpund-fault circuit interrupters 
210.8(A)(3) Ex. 
^Grounding 426.22(A), 426.27, 
426.34, 426.44 
Identification of 426.13 
Impedance heating 426-IV 
Definition 426.2 
Induced currents 426.33 
Isolation transformer 426.31 
Personnel protection 426.30 
Voltage limitations 426.32 
Installation 426-11 
Marking 426.25 

Nonheating leads, installation of 

426.22, 426.23 
Protection 

Corrosion 426.26, 426.43 
Exposed equipment, nonheat¬ 
ing leads for 426.23(B) 
Ground fault 210.8(A)(3) Ex., 

426.28 

Thermal 426.12 
Resistance heating elements 
426-IB 

Definition 426.2 
Embedded 426.20 
Exposed 426.21 
Skin effect heating 426-V 
Conductor ampacity 426.40 
Definition 426.2 
Pull boxes 426.41 
Single conductor in enclosure 
426.42 

Special permission 426.14 


Thermostats for 426.51 
Use of 426.11 
Fixtures see Luminaires 
Fixture wires Art. 402 
Ampacities 402.5 
Grounded conductor, identifica¬ 
tion 402.8 
Marking 402.9 
Minimum size 402.6 
Number in conduits or tubing 
402.7 

Overcurrent protection 240.5, 
402.12 
Types 402.3 

Uses not permitted 402.11 
Uses permitted 402.10 
Flame spread see Fire spread 
Flammable anesthetics; see also 
Anesthetizing locations 
Definition 517.2 

Flammable gases see Hazardous 
(classified) locations 
Flammable-liquid produced va¬ 
pors see Hazardous 
(classified) locations 
Flammable liquids see Hazardous 
(classified) locations 
Flashers, time switches, etc. 
404.5, 600.6(B) 

Flat cable assemblies (Type FC) 

Art. 322 

Boxes and fittings 322.40 
Branch-circuit rating 322.10(1) 
Conductor insulations for 
322.112 

Conductor size 322.104 
Construction 322—III 
Dead ends 322.40(A) 

Definition 322.2 
Extensions from 322.40(D) 
Fittings for 322.40(C) 
Identification of grounded con¬ 
ductor 322.120(B) 
Luminaire hangers 322.40(B) 
Marking 322.120 
Number of conductors in 
322.100 

Size of conductors in 322.104 
Splices 322.56 
Supports for 322.30 
Terminal block identification 
322.120(C) 

Uses not permitted 322.12 
Uses permitted 322.10 

Flat conductor cable (Type FCC) 

Art. 324 

Branch-circuit rating 324.10(B) 
Cable connections and ends 
324.40(A) 

Construction 324—III 
Conductor identification 
324.120(B) 

Insulation 324.112 
Markings 324.120(A) 
Receptacles and housings 
324.42 

Shields 324.100(B) 
Definitions 324.2 
Transition assemblies 
324.56(B) 

Definition 324.2 
Definitions 324.2 
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Grounding 324.60 
Installation 324-11 
Alterations 324.56(A) 

Boxes and fittings 324.40 
Cable connections and insu¬ 
lating ends 324.40(A) 
Connections to other systems 
324.40(D) 

Crossings 324.18 
Floor coverings 324.41 
Heated floors 324.10(F) 
Metal shield connectors 


Floating buildings Alt. 553 
Bonding of noncurrent-carrying 
metal parts 553.11 
Definition 553.2 
Feeder conductors 553.6 
Grounding 553—III 
Insulated neutral 553.9 
Service conductors 553.5 
Service equipment location 
553.4 

Services and feeders, installation 
553.7 


Fountains; see also Swimming 
pools, fountains, and 
similar installations 
Drinking 422.52 

Foyers, receptacles in 210.52(1) 
Frame 

Definition 551.2 
Fuel cell systems Art. 692 
Circuit requirements 692-11 
Circuit sizing 692.8 
Connection to other circuits 
692-VII 


324.40(E) 

Receptacles and housings 

324.42 

Shields 324.40(C), 324.40(E) 
Definition 324.2 
Supports 324.30 
System height 324.10(G) 
Insulating ends 324.40(A) 
Definition 324.2 
Listing requirements 324.6 
Polarization 324.40(B) 

Splices and taps 324.56 
Systems alterations 324.56(A) 
Uses not permitted 324.12 
Uses permitted 324.10 
Flatirons 

Cords 422.43(A) 

Signals 422.42 
Stands for 422.45 
Temperature-limiting means 
422.42, 422.46 

Flexible cords see Cords, flexible 
Flexible metal conduit (Type 

FMC) Art. 348 
Bends 348.24, 348.26 
Couplings and connectors 

348.42 

Definition 348.2 
Grounding and bonding 348.60 
Installation 348-11 
Liquidtight see Liquidtight flex¬ 
ible metal conduit 
Listing 348.6 

Maximum number of conduc 
and fixture wires in 
Tables C3 and C3A 
Number of conductors in 348.22 
Securing and supporting 348.30 
Size 348.20 

Splices and taps 348.56 
Trimming 348.28 
Uses not permitted 348.12 
Uses permitted 348.10 
Flexible metallic tubing (Type 
FMT) Art. 360 
Bends 360.24 
Boxes and fittings 360.40 
Construction specifications 360- 
III 

Definition 360.2 
Grounding 360.60 
Installation 360-11 
Listing 360.6 
Marking 360.120 
Number of conductors 360.22 
Sizes 360.20 
Splices and taps 360.56 
Uses not permitted 360.12 
Uses permitted 360.10 


Floor pockets 520.46 
Floors 

Busways through 368.10(C)(2) 
Cablebus support and extension 
through 370.6 
Flat conductor cable (Type 

FCC) in/on 324.10(C) 
Floor coverings 324.41 
Heated floors 324.10(F) 
Insulating ends 324.41 
Masonry or concrete floors, in¬ 
stallation of heating 
cables in 424.44 
Radiant heating panels, installa¬ 
tion of 424-IX 
Receptacles 210.52(A)(3), 

250.146(C), 314.27(B), 
406.9(D) 

Flue damper control see Dampers 
(flue), control 
Fluorescent luminaires 4* 
410-XIII 

Autotransformers in balla! 


Auxiliai 



410.10' 




Circuit 


fang means 
•.130(G) 
fiations 

Fe ratings, ballasts 
r 220.18(B) 

branch circuits 210.23 
Raceways 410.64 
Snap switches for 404.14(A)(1), 
404.14(B)(2) 

Surface-mounted or recessed 
410.16(A), 410.16(C) 
Thermal protection 410.130(E) 
Fluoroscopic equipment see 
X-ray equipment 
Flyings, ignitible see 

Fibers/flyings, lint, ig¬ 
nitible 

Footlights, theaters 520.43 
Definition 520.2 
Disappearing 520.43(C) 

Formal interpretations 90.6 
Forming shells, underwater pool 
luminaires 680.23(B), 
680.24(B), 

680.26(B)(4), 

680.27(A)(3) 

Definition 680.2 


Identified interactive equip¬ 
ment 692.60 

Loss of interactive system 
power 692.62 

Output characteristics 692.61 
Point of connection 692.65 
Transfer switch 692.59 
Unbalanced interconnection 
692.64 
Definitions! 

Disconnecting means 692—III 
All inductors 692.13 

ir eaker 

692.17 

ergency systems, of 

wer for 700. L§|li) 
692-V 

»ment grounding con¬ 
ductor 692.44, 692.45 
nding electrode system 
l 92.47 

'grounding 692.41 
tion 692.4 
5ng 692-VI 
Fuel cell power sources 
692.53 

Fuel shutoff 692.54 
Stored energy 692.56 
Overcurrent protection 692.8(B), 
692.9 

Over 600 volts 692-VIII 
General 692.80 
Stand-alone system 692.10 
Standby systems, legally re¬ 
quired 701.12(F) 

Wiring methods 692-IV 
Full-load current motors 
Alternating current 

Single-phase Table 430.248 
Three-phase Table 430.250 
Two-phase Table 430.249 
Direct current Table 430.247 
Furnaces see Heating equipment, 
central 
Fuseholders 

Cartridge fuses 240-VI 
Over 600 volts 490.21(B) 

Plug fuses 240-V 
Rating, motor controllers 430.90 
Type S 240.53, 240.54 
Fuses Art. 240; see also Hazard¬ 
ous (classified) locations 
Cartridge see Cartridge fuses 
Communications circuits, pro¬ 
tectors for 800.90(A)(2) 
Definition, over 600 volts 
100-11 

Disconnecting means 240.40 
Electronically actuated 
Definition 100-11 


Enclosures 240—III 
Generators, constant-voltage 
445.12(A) 

Group installation of motors 
430.53(C) 

Location in circuit 240.21 
Location on premises 240.24 
Markings 240.60(C) 

Motor branch circuit protection 
430-IV 

Motor overload protection 430- 
III, 430.225(C)(1) 
Multiple see Multiple fuses 
Over 600 volts 490.21(B) 

In parallel, not permitted 240.8, 
404.17 

Plug, Edison-base type 240-V 
Potential (voltage) transformers 
450.3(C) 

Ratings 240.6 

Service equipment 230.95(B) 
Services over 600 volts 230.208 
Small wind electric systems 
694.26 

Solar photovoltaic systems 
690.16 

Type S 240.53, 240.54 

Future expansion and conve¬ 
nience 90.8(A) 


-G- 

Gages (AWG), conductors 110.6 

Garages, commercial Art. 511 
Battery charging equipment 
511.10(A) 

Classification of locations 511.3 
Definitions 100-1, 511.2 
Electric vehicle charging 
511.10(B) 

Elevators, dumbwaiters, escala¬ 
tors, moving walks, in 
620.38 

Equipment 511.4, 511.7 
Ground-fault circuit-interrupter 
protection 210.8(B)(8), 
511.12 

Grounding 250.112(F) 
Grounding and bonding 511.16 
Locations 511.4 
Sealing 511.9 
Special equipment 511.10 
Ventilation 511.3(C) through (E) 
Wiring 511.4, 511.7 

Gases see Hazardous (classified) 
locations 

Gasoline bulk storage plants see 

Bulk storage plants; 
Hazardous (classified) 
locations 

Gasoline dispensing and service 
stations see Motor fuel 
dispensing facilities 

Gas pipe 

As grounding electrode 
250.52(B)(1) 

General care areas 517.18 
Definition 517.2 

General provisions, installation 
of wiring and equip¬ 
ment Art. 110 
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General requirements for wiring 
methods Art. 300; see 
also Wiring methods 
Boxes, conduit bodies, or fit¬ 
tings, where required 
300.15 

Changing raceway or cable to 
open wiring 300.16 
Conductors 300.3 

Different systems 300.3(C) 
Installation with other sys¬ 
tems 300.8 

Insulated fittings 300.4(G) 
Number and sizes of, in race¬ 
ways 300.17 

Supporting of conductors in 
vertical raceways 
300.19 

Exhaust and ventilating ducts, 
wiring 300.22 
Expansion joints, raceways 
300.7(B) 

Free length of wire at outlets, 
junction and switch 
points 300.14 
Induced currents in ferrous 

metal enclosures 300.20 
Mechanical and electrical conti¬ 
nuity, conductors, race¬ 
ways, cables 300.10, 
300.12, 300.13 

Over 600 volts 110—III, 300-11, 
Art. 490 

Protection against 
Corrosion 300.6 
Physical damage 300.4 
Raceway installations 300.18 
Raceways and cables with other 
systems 300.8 

Raceways and fittings, metric 
designator and trade 
size 300.1(C) 

Raceways as a means of support 
300.11(B) 

Raceways exposed to different 
temperatures 300.7 
Raceways in wet locations 
above grade 300.9 
Sealing, raceways, change in 
temperature 300.7(A) 
Securing and supporting 300.11 
Spread of fire or products of 
combustion 300.21 
Temperature limitations 
310.15(A)(3) 

Through studs, joists, rafters 
300.4 

Underground installations 300.5, 
300.50 

Voltage limitations 300.2 
Wiring in ducts, plenums, air¬ 
handling spaces 300.22 
Generators Art. 445 
Bushings 445.16 
Conductor, ampacity of 445.13 
Critical operations power sys¬ 
tems 585.20(F) 
Disconnecting means 445.18 
Emergency systems 700.12(B) 
Essential electrical systems, task 
illumination 517.32(E), 
517.32(F), 517.42(F) 


Grounding 250.34, 250.35, 
250.112 

Guards for attendants 445.15 
Hazardous (classified) locations 
505.22 

Health care facilities 517.30, 
517.35, 517.44 
Interconnected electric power 

production sources 705- 

III 

Legally required standby sys¬ 
tems 701.12(B) 

Location 445.10 
Marking 445.11 

Multiple loads, supplying 445.19 
Overcurrent protection 445.12 
Portable 250.34 
Protection of live parts 445.14 
Recreational vehicles 551.30 
Standby systems Art. 701, 702 
Fire pump, on-site 

695.3(B)(2), 695.3(D), 
695.4(B), 695.6(C) Ex. 

2 

Terminal housings 445.17 
Goosenecks, service cables 230.54 
Grooves, cables and raceways 
installed in 300.4(F) 

Ground 

Definition 100-1 
Voltage to 

Definition 100-1 
Ground clamps 250.10, 250.70 
Grounded 

Definition 100-1 
Solidly 

Definition 100^ 

Grounded conductor see < 

tors .JS^ unded: 

Ground fault 4 

Definition 100-1 

Ground -faul t ci it interrupters 

ildings. dwelling 
^ ).8(A/(2) 




hs 422.52 
fray washers 


units 21 
Aircraft hangan) 
ppliances 
Drinking foun 
i-pressuia 
Pj 

Vending machines 422.51 
Basement^dwelling units, un¬ 
finished 210.8(A)(5) 
Bathtubs, hydromassage 680.71 
Carnivals, circuses, fairs, and 
similar events 525.23 
Definition 100-1 

Electrically operated pool covers 
680.27(B)(2) 

Electric signs, portable or mo¬ 
bile 600.10(C)(2) 
Electrified truck parking space 
supply equipment 
626.24(D) 

Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620.85 
Fixed electric space-heating 
equipment cables 
424.44(G) 

Fountains 680.51(A) 

Garages 


Commercial 511.12 
Dwelling units 210.8(A)(2) 
Naturally and artificially made 
bodies of water, electri¬ 
cal equipment for 
682.15 

Permitted uses 210.8, 215.9 
Personnel, protection for 426.32 
Pipeline heating 427.27 
Pools and tubs for therapeutic 
use 680.62(A), 
680.62(E) 

Receptacles 210.8 

Bathrooms, in dwelling units 
210.8(A)(1) 

Bathrooms in other than 
dwelling units 
210.8(B)(1) 

Boathouses 555.19(B)(1) 
Construction sites, at 5&0 .6 
Fountains 680.57(^^ob.58 
Garages, in dwe lling 'units 
210.8(AJj 
Health carq 
2 ( 

n dwelling i 
8(A)(6) 

ityards 
'(1) 

550.13(B), 

) 

jelling units 

i) 

41(C) 

680.6, 
680.22(A)(4), 
680.22(B)(4), 680.32, 
680.62(E) 
ecreational vehicles 

551.40(C), 551.41(C) 
Replacement 406.4(D) 
Required 210.8 
Rooftops in other than dwell¬ 
ing units 210.8(B) 
Sensitive electronic equip¬ 
ment 647.7(A) 

Spas and hot tubs 680.43(A), 
680.44 

Swimming pools see Swimming 
pools, fountains, and 
similar installations 
Ground-fault protection 

Connections at services 230.82 
Cranes and hoists 610.42 
Deicing and snow-melting 
equipment 426.28 
Emergency systems, not re¬ 
quired 700.26 
Equipment 215.10, 240.13 
Definition 100-1 
Fire pumps 695.6(G) 

Fixed electric space-heating 

equipment 424.99(C)(5) 
Health care facilities 517.17 
Marinas and boatyards 555.3 
Motors 430-IV, 430-V 
Personnel see Ground-fault cir¬ 
cuit interrupters 
Pipeline heaters 427.22 
Service disconnecting means 
230.95 


Solar photovoltaic systems 
690.5, 690.6(D), 
690.35(C) 

Grounding Art. 250; see also sub¬ 
head under entries for 
specific wiring and 
equipment 

AC systems 250.20, 250.24, 
250.26 

Air-conditioning units 250.114 
Anesthetizing locations 517.62 
Antenna 810.15, 810.21, 810.58, 
810.71(B) 

Appliances 250.114 
Audio signal processing, ampli¬ 
fication, and reproduc¬ 
tion equipment 640.7 
Bonding see Bonding 
Bulk storage plants 515.16 
Busways 368.60 

Over 600 volts 368.260 
Cablebus 370.9 
Capacitors 460.10, 460.27 
CATV systems 820.93, 820-IV 
Circuits 250-1 

Less than 50 volts 250.20(A) 
Clothes dryers 250.114, 250.140 
Clothes washers 250.114 
Communications systems 

800.93, 800.106(A), 
800-IV 

Continuity 250.96 
Control, radio equipment 
810.71(B) 

Control panels 409.60 
Cranes and hoists 610-VII 
DC systems 250.162, 250.164 
Deicing, snow-melting systems 
426.22(A), 426.27, 
426.34, 426.44 
Dishwashers 250.114 
Electrode system 250—III 
Elevators 250.112(E), 250.116, 
250.136, 620-IX 
Enclosures 250.64(D), 

250.64(E), 250-IV 
Equipment, cord-and-plug- 
connected 250.114 
Fire alarm systems 250.112(1) 
Fixed equipment 250.110, 
250.112, 250.134, 

517.13 

Fixtures, lampholders, etc. 

410.155(B), 410-V 
Fountains 680.54, 680.55 
Freezers 250.114 
Fuel cell systems 692-V 
Garages, commercial 511.16 
Generators 250.34, 250.112 
Hazardous (classified) locations 
501.30, 502.30, 503.30, 
505.25, 506.25 
Health care facilities 517.13, 
517.19 

High density polyethylene con¬ 
duit 353.60 

Induction and dielectric heating 
equipment 665-11 
Information technology equip¬ 
ment 645.15 

Instrument transformers, relays, 
etc. 250-X 
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Hazardous (classified) locations 


Intrinsically safe systems 504.50 
Lightning surge arresters 280.25 
Metal boxes 314.4, 314.40(D) 
Metal enclosures for conductors 
250.80, 250.86 
Metal faceplates 404.9(B), 
406.6(B) 

Metal siding 250.116 IN 
Methods 250-VII 
Mobile homes 550.16 
More than 600 volts between 
conductors 300.40 
Motion picture studios 530.20 
Motors and controllers 250-VI, 
430.12(E), 430.96, 430- 

xm 

Naturally and artificially made 
bodies of water, electri¬ 
cal equipment for 682- 

III 

Nonelectrical equipment 250.116 
Organs 650.5 

Over 600 volts 300.40, 490.36, 
490.37 

Over 1000 volts 250-X 
Panelboards 408.40, 517.19(D) 
Patient care areas 517.13 
Patient care vicinity 517.19(C) 
Portable equipment 250.114 
Radio and television equipment 
810.15, 810.20(C), 
810.21, 810.58, 
810.71(B) 

Ranges and similar appliances 
250.140 

Receptacles 250.146, 250.148, 
406.4, 517.13, 

517.19(G) 

Recreational vehicles 551.54, 
551.55, 551.75, 551.76 
Refrigerators 250.114 
Sensitive electronic equipment 
647.6 

Separate buildings 250.32 
Separately derived systems^ 
250.21(A), 250.30* 
Signs and outline lighting 

600.7(A), 600.24(B), 
600.33(D) 

Small wind electric systems 
694-V 

Spas and tubs 680.6, 680.7(B), 
680.43(F) 

Spray application, dipping, and 
coating processes 
516.16 

Surge arresters 280.25 
Surge protective devices 285.28 
Swimming pools 680.6, 

680.7(B), 680.23(B)(3), 
680.23(B)(4), 
680.23(F)(2), 680.24(D), 
680.24(F), 680.25(B) 
Switchboards 250.112(A), 

408.22 

Switches 404.9(B), 404.12 
Systems 250-1, 250-11 
Theaters and similar locations 
520.81 

Tools, motor operated 250.114 
Transformers 450.5, 450.6(C), 
450.10 


X-ray equipment 517.78, 

660-IV 

Grounding electrode conductors; 

see also Electrodes, 
grounding 

Communications circuits 
800.100 

Community antenna television 
and radio distribution 
systems 820.100, 
820.106 

Connection to electrodes 250-1, 
250.24(D), 250-III 
Definition 100-1 
Enclosures 250-IV 
Installation 250.64 
Intersystem, connecting 250.94 
Material 250.62, 250.118 
Network-powered broadband 
communications cable 
830.100(A) 

Objectionable current over 250.6 
Optical fiber cables 770.100(A) 
Radio and television equipment 
810.21, 810.58 
Separately derived systems 
250.30 

Sizing 250.30(A)(6)(a), 250.66, 
250.166 

Solar photovoltaic systems 

690.47 through 690.49 
Surge-protective devici 
Systems and circuits o 
250.190(B) 

Grounding electrodes see 

trodes, grounding 

Groundin; 

PatieQlippjipment 
_ nition 51^2 

Refe: 

Definition 5t7.2 
ding-type attachment 
plugs 406,10 

Ground ring 250^™k)(4), 

).53(F)T250.66(C), 
'.166(E) 

pitches, circuit 
Breakers 404.8; see 
also Accessible 

Grouping of disconnects 230.72 

Group installation, motors see 
Motors, grouped 

Guarded 

Definition 100-1 

Guarding, guards; see also En¬ 
closures; Live parts 

Cables 

Coaxial 820.93, 820.100, 
820.106, 840.101(A) 

Flat conductor cable (Type 
FCC) 324.40(C), 
324.40(E) 

Definition 324.2 
Grounded 310.60(C)(1) 

Over 600 volts, requirements 
for 300.40 
Portable 400.32 
Circuit breaker handles 
240.41(B) 

Conductors, dielectric insulated 
310.10(E) 




Connectors, solar photovoltaic 
systems 690.33(B) 
Construction sites 590.7 
Elevators, dumbwaiters, escala¬ 
tors, moving walks 
620.71 

Generators 445.15 
Grounding 250.190(C)(2) 
Handlamps, portable 410.82(B) 
Induction and dielectric heating 
equipment 665-11 
Intrinsically safe apparatus, 
cable shields for 
504.50(B) 

Lamps, theaters, dressing rooms, 
etc. 520.44(A)(3), 
520.47, 520.65, 520.72 
Live parts 

General 110.27 
Solar photovoltaic batteries 

On stage^ra^hboards 520.22 
In theafl^K20.7 
Wiiid electric system batteries 
o94.70(f 

n picture stu(ff jjM3 0.15, 
530.62 

motor control 
0.243, 430-XII 
i0 volts 110.34, 590.7; 
see also Protection, 
Physical damage 
Portable cables 400.32 
insfoRfifers 450.8 

rtion openings 110.78 
■ray installations 517.78, 
660-IV 

Guest rooms or suites 

Branch-circuit devices 
240.24(B) 

Branch-circuit voltages 210.6(A) 
Cooking equipment, branch cir¬ 
cuits for 210.18 
Definition 100-1 
Outlets 210.60, 210.70(B), 
220.14(J) 

Overcurrent devices 240.24(E) 
Tamper-resistant receptacles in 
406.13 

Gutters, auxiliary see Auxiliary 
gutters 


-H- 

Hallways, outlets 210.52(H) 

Handhole enclosures see Enclo¬ 
sures, Handhole enclo¬ 
sures 

Handlamps, portable 410.82 

Hangars, aircraft see Aircraft 
hangars 

Hazard current 

Definition 517.2 

Hazardous areas see Hazardous 
(classified) locations 

Hazardous atmospheres Art. 500 
Class I locations 500.5(B) 

Class II locations 500.5(C) 
Class III locations 500.5(D) 
Groups A through G 500.6 
Specific occupancies Art. 510 


Hazardous (classified) locations, 
Classes I, II, and III, 
Divisions 1 and 2 Art. 
500; see also Hazardous 
(classified) locations. 
Class I, Zone 0, 1, and 
2 locations 

Aircraft hangars 513.3 
Anesthetizing locations 

517.60(A), 517.61 
Bulk storage plants 515.3 
Class I see Hazardous (classi¬ 
fied) locations. Class I 
Class I, Zone 0, 1, and 2 see 
Hazardous (classified) 
locations, Class I, Zone 
0, 1, and 2 locations 
Class II see Hazardous (classi¬ 
fied) locations, Class II 
Class III see Hazardous (classi¬ 
fied) locations. Class III 
Combustible gas detection sys¬ 
tem 500.7(K) 

Definitions 500.2 
Dust-ignitionproof 500.7(B) 
Dusts, explosive Art. 502 
Dusttight 500.7(C) 

Equipment 500.8 

Approval for class and prop¬ 
erties 500.8(B) 

Marking 500.8(C) 

Optical fiber cable 500.8(F) 
Suitability 500.8(A) 
Temperature marking 500.8 
(D) 

Threading 500.8(E) 

Explosion proof equipment 
500.7(A) 

Fibers/flyings, lint, highly com¬ 
bustible material Art. 
503, Art. 506 

Flammable liquids Art. 500, Art. 
501 

Garages, commercial 511.3, 
511.4 

Gases, flammable Art. 500, Art. 
501 

Gasoline service stations see 
Motor fuel dispensing 
facilities 
General 500.4 
Group classifications 500.6 
Hoists 503.155 
Inhalation anesthetizing loca¬ 
tions see Anesthetizing 
locations 

Intrinsic safety 500.7(E); see 
also Intrinsically safe 
systems 

Lighting systems, less than 30 
volts 411.7 

Material groups 500.6 
Protection techniques 500.7 
Specific occupancies Art. 510 
Spray application, dipping and 
coating processes 516.3 
Vapors, flammable Art. 500, Art. 
501 
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Hazardous (classified) locations, Class I 


INDEX 


Hazardous (classified) locations, 
Class I 500.5(B), 
500.6(A), Art. 501; see 
also Hazardous (classi¬ 
fied) locations, Classes 
I, II, and III, Divisions 

1 and 2; Hazardous 
(classified) locations. 
Class I, Zone 0, 1, and 

2 locations 

Bonding 501.30(A), 504.60 
Circuit breakers 501.115, 
501.135(B)(3) 

Control transformers and resis¬ 
tors 501.105(B)(2), 
501.120 

Cranes and hoists 610.3(A)(1) 
Drainage of equipment 
501.15(F) 

Exposed parts 501.25 
Flexible cords 501.140 
Fuses 501.115, 501.135(B)(3) 
Grounding 501.30 
Hermetically sealed 500.7(J) 
Induction and dielectric heating 
equipment 665.4 
Luminaires 501.130 
Meters, instruments, and relays 
501.105 

Motor controllers 501.115 
Motors and generators 501.120 
Nonincendive circuit 500.7(F) 
Nonincendive component 
500.7(H) 

Nonincendive equipment 
500.7(G) 

Oil immersion 500.7(1) 

Process sealing 501.17 
Receptacles and attachment 
plugs 501.145 
Sealing 501.15, 501.17 
Signaling, alarm, remote-control, 
and communications 
systems 501.150 
Surge protection 501.35 
Switches 501.115, 

501.130(B)(5), 

501.135(B)(3) 

Transformers and capacitors 

501.100 

Utilization equipment 501.135 
Wiring methods 501.10 
Zone 0, 1, and 2 locations see 
Hazardous (classified) 
locations. Class I, Zone 
0, 1, and 2 locations 
Zone equipment 501.5 
Hazardous (classified) locations, 
Class I, Zone 0, 1, and 
2 locations Art. 505 
Bonding 505.25(A) 

Class I, Zone 0, 1, and 2 group 
classifications 505.6(A) 
through (C) 

Classification of locations 505.5 
Class I, Zone 0 505.5(B)(1) 
Class I, Zone 1 505.5(B)(2) 
Class I, Zone 2 505.5(B)(3) 
Conductors and conductor insu¬ 
lator 505.18 
Definitions 505.2 
Documentation 505.4(A) 


Equipment construction 505.9 
Class I temperature 505.9(D) 
Listing 505.9(B) 

Marking 505.9(C) 

Optical fiber cable 505.9(F) 
Suitability 505.9(A) 

Threading 505.9(E) 
Equipment for use in 505.20 
Exposed parts 505.19 
Flexible cords 505.17 
General 505.4 
Grounding 505.25 
Material groups 505.6 
Process sealing 505.26 
Protection techniques 505.8 
Combustible gas detection 
system 505.8(1) 
Definition 505.2 
Encapsulation 505.8(G) 
Definition 505.2 
Flameproof 505.8(A) 
Definition 505.2 
Increased safety 505.8(F), 
505.22 

Definition 505.2 
Intrinsic safety 505.8(C) 
Definition 505.2 
Oil immersion 505.8(E) 
Definition 505.2 
Powder filling 505.8(H) 
Definition 505.2 
Purged and pressurized 
505.8(B) 

Definition 505.2 
Type of protection “n” 
505.8(D) 

Definition ' 

Reference stand 
Sealing 
Drainagd 
Process 505 
S pecia^rec autid 

. 505.15 

IC)(2^ 

I locations, 
10.5(C), Art. 
flso Hazardous 
i locations, 

Es I, II, and III, 
Visions 1 and 2 
Bonding 502.30(A) 

Circuit breakers 502.115 
Control transformers and resis¬ 
tors 501.120 

Cranes and hoists 610.3(A)(2) 
Exposed parts 502.25 
Flexible cords 502.140 
Fuses 502.115 
Grounding 502.30 
Luminaires 502.130 
Motor controllers 502.115 
Motors and generators 502.125 
Multi wire branch circuits 502.40 
Receptacles and attachment 
plugs 502.145 
Sealing 502.15 

Signaling, alarm, remote-control, 
and communications 
systems, meters, instru¬ 
ments, and relays 
502.150 


r505.< 


.505. 




Surge protection 502.35 
Switches 502.115 
Transformers and capacitors 

502.100 

Utilization equipment 502.135 
Ventilating piping 502.128 
Wiring methods 502.10 
Zone 20, 21, and 22 locations 
for flammable dusts, 
fibers/flyings Art. 506 
Zone equipment 502.6 
Hazardous (classified) locations, 
Class III 500.5(D), Art. 
503; see also Hazardous 
(classified) locations, 
Classes I, II, and III, 
Divisions 1 and 2 
Bonding 503.30(A) 

Circuit breakers 503.115 
Control transformers and resis¬ 
tors 503. 

Cranes and hoists 5Q 
610.3(A)J| 

Exposed parts : 

Flexible cor^lsl 
Fuses 503 
Grounding 503.30 
Lunaffl^es 503^0 

j^control^rs 503.115 
Motors and generators 503.125 
Receptacles and attachment 
plugs 503.145 

^remote-control, 
loudspeaker 
nmunications 
f50 

Storage battery charging equip¬ 
ment 503.160 
vitches 503.115 
ransformers and capacitors 

503.100 
Utilization equipment 503.135 
Ventilation piping 503.128 
Wiring methods 503.10 
Zone 20, 21, and 22 locations 

for flammable dusts, 
fibers/flyings Art. 506 
Zone equipment 503.6 
Hazardous (classified) locations, 
specific Art. 510 

Hazardous (classified) locations, 
Zone 20, 21, and 22 

Art. 506 

Bonding 506.25(A) 

Classification of locations 506.5 
Definitions 506.2 
Documentation 506.4(A) 
Equipment installation 506.20 
Manufacturer’s instructions 
506.20(D) 

Temperature 506.20(E) 
Equipment requirements 506.9 
Listing 506.9(B) 

Marking 506.9(C) 

Suitability 506.9(A) 
Temperature 506.9(D) 
Threading 506.9(E) 

Flexible cords 506.17 

General 506.4 

Grounding 506.25 

Multi wire branch circuits 506.21 

Protection techniques 506.8 


Definitions 506.2 
Dust-ignitionproof 506.8(A) 
Dusttight 506.8(D) 
Encapsulation 506.8(E) 
Enclosure 506.8(H) 

Intrinsic safety 506.8(C), 
506.8(J) 

Nonincendive circuit and 
equipment 506.8(F), 
506.8(G) 

Pressurization 506.8(B), 
506.8(1) 

Reference standards 506.4(B) 
Sealing 506.16 
Special precautions 506.6 
Wiring methods 506.15 
Zone equipment 506.9(C)(2) 
Headers 

Cellular concrete floor raceways 

372.2, 372.5, 372.9 
Cellular metal floor raceways 

374.2, 374.6 
Definition 372.2, 374.2 

Health care facilities Art. 517 
Communications, signaling sys¬ 
tems, data systems, less 
than 120 volts, nominal 
517-VI 

Other-than-patient care areas 
517.81 

Signal transmission between 
appliances 517.82 
Definitions 517.2 
Essential electrical systems 517— 

III 

Ambulatory health care cen¬ 
ters 517.45 

Clinics, medical and dental 
offices, and other health 
care facilities 517.45 
Connections 

Alternate power source 
517.34 

Critical branch 517.43 
Life safety branch 517.42 
Critical branch 517.33, 

517.43 

Definition 517.2 
Emergency system 517.31 
Essential electrical systems 
517.41 

Hospitals 517.30 
Life safety branch 517.32 
Nursing homes and limited 
care facilities 517.40 
Power sources 517.35, 517.44 
General 517-1 

Inhalation anesthetizing loca¬ 
tions 517-IV 
Classification 517.60 
Grounded power systems in 
anesthetizing locations 
517.63 

Grounding 517.62 
Line isolation monitor 
517.160(B) 

Low-voltage equipment and 
instruments 517.64 
Wiring and equipment 
517.61, 517.160 

Isolated power systems 517-VII 
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Incandescent lamps 


Critical care areas 517.19(E), 
517.19(F) 

Definition 517.2 
Essential electrical systems 
517.30(C)(2) 

Grounding 517.19(F), 
647.7(B) 

Installation 517.160(A) 

Wet procedure locations 
517.20(B) 

Wiring and protection 517-11 
Applicability 517.10 
Critical care areas 517.19 
Fixed electrical equipment 
and grounding of recep¬ 
tacles 517.13 
General care areas 517.18 
General 

installation/construction 
criteria 517.11 
Ground-fault circuit- 

interrupter protection 
517.20(A), 517.21 
Ground-fault protection 
517.17 

Grounding 517.13 
Panelboard bonding 517.14, 
517.19(D) 

Receptacles 517.13, 517.16, 
517.19(B), 517.19(G) 
Wet locations 517.20 
Wiring methods 517.12 
X-ray installations 517—V 
Connection to supply circuit 
517.71 

Control circuit conductors 

517.74 

Disconnecting means 517.72 
Equipment installations 

517.75 

Guarding and grounding 
517.78 

High tension x-ray cables 
517.77 

Overcurrent protection 511 
Rating of supply conduq 
517.73 

Transformers and capacitors^ 

517.76 

Heater cords see Cords, heater 
Heat generating equipment see 
Induction and dielectric 
heating equipment 
Heating; see also Heating systems; 

Induction and dielectric 
heating equipment 
Dielectric 

Definition 665.2 
Induction 

Definition 665.2 

Heating appliances Art. 422; see 
also Infrared lamp in¬ 
dustrial heating appli¬ 
ances; Water heaters 
Heating cables Art. 424 
Heating elements 
Marking 422.61 
Resistance see Fixed electric 
heating equipment for 
pipelines and vessels; 
Fixed outdoor electric 
deicing and snow¬ 
melting equipment 


Heating equipment 

Central 422.12 
Definitions 665.2 
Fixed see Fixed electric heating 
equipment for pipelines 
and vessels; Fixed elec¬ 
tric space-heating equip¬ 
ment; Fixed outdoor 
electric deicing and 
snow-melting equipment 
Induction and dielectric see In¬ 
duction and dielectric 
heating equipment 
Outside 550.20(B) 

Receptacle outlets 210.63 
Swimming pools see Swimming 
pools, fountains, and 
similar installations 
Heating panels and heating panel 
sets, radiant see Fixed 
electric space-heating 
equipment; Radiant 
heating panels and heat¬ 
ing panel sets 
Heating systems 
Definition 426.2 
Impedance see Fixed electric 
heating equipment for 
pipelines and vessels; 
Fixed outdoor electric 
deicing and snow¬ 
melting equipn 
Induction see Induction 
systems 
Integrated 

Definition4^2 
Skin effect see Fix 


; equipment 
avy-duty lampholders 

Branch circuits 2^.21(A), 

21.0.23, Table 210.24 
Unit loads 220.14(E) 
Hermetically sealed 500.7(J) 
^ 00.2 

Refrigerant motor- 
compressors; see also 
Air-conditioning and 
refrigerating equipment 
Ampacity and rating 440.6(A) 
Definition 440.2 
Marking 440.4 

Rating and interrupting capacity 
440.12(A) 

High density polyethylene con¬ 
duit (Type HDPE) Art. 
353 

Bends 353.24, 353.26 
Bushings 353.46 
Construction specifications 353- 

III 

Definition 353.2 
Grounding 353.60 
Installation 353-11 
Joints 353.48 
Listing 353.6 
Marking 353.120 
Number of conductors 353.22 
Size 353.20 



Splices and taps 353.56 
Trimming ends 353.28 
Uses not permitted 353.12 
Uses permitted 353.10 
High-impedance grounded neu¬ 
tral systems 250.20(D), 
250.30(A)(3), 250.36, 
250.186 

Hoists Art. 610; see also Cranes 
Conductors, contact 610—III 
Control 610-VI 
Electrolytic cells 668.32 
Flexible cords 400.7(A)(5) 
Grounding 250.22(1), 

250.112(E), 250.116(1), 
610-VII 

Hazardous (classified) locations 
503.155 

Marinas and boatyards 555.23 
Motors and controllers, discon- 
nectn^tfreans 430.112 
Ex., 610-IV 

Overcurrent protection 610-V, 
0.53 

\\%kuf610-II 
Hoistways 

sways in 368.12(Bj^ 
Cablebqs' in 370.3 
Definition 100-1 

% raceways 386.12(4), 
388.12(4) 

in 620.21(A)(1), 620.37, 
136(H), 
60.53(A)(3), 
760.130(B)(3), 
760.136(F) 

Hoods, metal, stage switchboard 

520.24 

Hoods, range, cord-and-plug- 

connected 422.16(B)(4) 
Hoods for commercial cooking, 
lighting in 410.10(C) 
Hospitals; see also Health care 
facilities 
Definition 517.2 
Essential electrical systems 
517.30 

Patient care areas see Patient 
care areas 
Psychiatric 

Definition 517.2 
Hotels and motels 

Branch-circuit voltages, guest 
rooms and suites 
210.6(A) 

Lighting load Table 220.12 
Lighting outlets required 
210.70(B) 

Overcurrent devices, guest 
rooms and suites 
240.24(E) 

Receptacle ground-fault circuit 
interrupter protection 
210.8(B) 

Receptacle outlets, guest rooms 
and suites 210.60, 
210.70(B), 220.14(J) 
Hot tubs see Spas and hot tubs 
Houseboats see Floating buildings 
Hybrid systems 705.82 
Definition 690.2, 705.2 


Hydromassage bathtubs 680-VII 
Definition 680.2 


-I- 

Identification; see also Color 
code; Markings 

Boxes (outlet, device, pull, and 
junction) 314.44 
Critical operations power sys¬ 
tems wiring 708.10(A) 
Direct-buried cables Table 
300.50 Note d 

Disconnecting means 110.22, 
230.70(B), 620.51(D) 
Service disconnects 230.2(E) 
Emergency circuits and systems 
700.10(A) 

Feeders 215.12 
Flexible cords, identified con¬ 
ductors within 200.6(C), 
250.119(C), 400.22, 
400.23 

Fuel cell systems 692.4(B) 
Grounded conductors Art. 200, 
400.22, 402.8 
Grounding-pole 406.10(B) 
High-leg 110.15, 230.56, 
408.3(F), 409.102 
Intrinsically safe systems 504.80 
Sensitive electric equipment 
conductors 647.4(C) 
Service disconnecting means 
230.70(B) 

Switchboards and panelboards 
408.3(F), 408.4, 

409.102 

Ungrounded conductors 

210.5(C), 215.12(C) 
Wiring device terminals 
250.126, 504.80 

Identified 

Definition 100-1 
Illumination; see also Lighting; 
Luminaires 

Means of egress 517.32(A), 
517.42(A) 

Task 517.33(A) 

Definition 517.2 
Immersible appliances 422.41 
Immersion heaters, cord-and- 

plug-connected 422.44 
Immersion pools see Swimming 
pools, fountains, and 
similar installations 
Impedance heating systems see 
Fixed electric heating 
equipment for pipelines 
and vessels; Fixed out¬ 
door electric deicing 
and snow-melting 
equipment 

Incandescent lamps Art. 410; see 
also Hazardous (classi¬ 
fied) locations 

Guards 

Aircraft hangars 513.7(C) 
Garages 511.7(B) 

Theater dressing rooms 
520.72 
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Incandescent lamps 
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Lamp wattage, marking on lu¬ 
minaire (fixture) 

410.120 

Medium and mogul bases 
410.103 

Signs with lamp holders for 
600.4(B) 

Snap switches for 404.14(B)(3) 

Independent 

Circuits for emergency lighting 
700.17 

Supports, services, over build¬ 
ings 230.29 

Wiring, emergency circuits 
700.10(B) 

X-ray control 660.24 

Individual branch circuits see 

Branch circuits, indi¬ 
vidual 

Induced currents, metal enclo¬ 
sures 300.20, 330.31 
Induction and dielectric heating 
equipment Art. 665 
Ampacity of supply conductors 

665.10 

Definitions 665.2 
Disconnecting means 665.12 
Guarding, grounding, and label¬ 
ing 665-11 

Access to interior equipment 

665.22 

Capacitors 665.24 
Component interconnection 

665.19 

Control panels 665.21 
Enclosures 665.20 
Grounding and bonding 
665.26 

Marking 665.27 
Shielding 665.25 
Warning labels or signs 

665.23 

Hazardous (classified) locations 
665.4 

Output circuits 665.5 
Overcurrent protection 665.11 
Remote control 665.7 
Induction heating systems; see 

also Induction and di¬ 
electric heating equip¬ 
ment 

Definition 427.2, 665.2 
Fixed equipment for pipelines 
and vessels 427-V 

Inductive loads 

Signs 600.6(B) 

Switches, types, ratings 404.14 
Industrial control panels Art. 409 
Arc-flash hazard warning 110.16 
Conductors 

Busbars 409.102 
Minimum size and ampacity 

409.20 

Construction specifications 409- 

III 

Definition 409.2 
Disconnecting means 409.30 
Enclosures 409.100 
Grounding 409.60 
Installation 409-11 
Marking 409.110 
Overcurrent protection 409.21 


Service equipment 409.108 
Spacing, minimum 409.106 
Wiring space in 409.104 
Industrial installation, supervised 
Definition 240.2 
Overcurrent protection 240-VIII 
Industrial machinery Art. 670 
Definition 670.2 
Disconnecting means 670.4(B) 
Nameplates 670.3 
Supply conductors and overcur¬ 
rent protection 670.4 
Industrial manufacturing system 
Definition 670.2 

Informational notes, explanatory 
material 90.5(C) 
Information technology equip¬ 
ment Art. 645 

Cables not in information tech¬ 
nology equipment 
rooms 645.6 

Class 2 and Class 3 circuits, 
power source for 
725.121(A)(4) 
Definitions 645.2 
Disconnecting means 645.4(1), 

645.10 

Grounding 645.15 
Marking 645.16 
Power distribution units 645.17 
Special requirements for infor¬ 
mation technology 
equipment rooms 645 
Supply circuits and interconnect¬ 
ing cables 645.5 
Uninterruptible powei^upplies 
(UPS) 64^11 

Information technology eqi 
ment rooms 

Definition 
Special requi^ 


LTOUghl 

rial heating 
appliances 422.14, 

1.23(C), 

, 424.3(A) 

OvercurrelfT protection 
422.11(C) 

Inhalation anesthetizing locations 

see Anesthetizing loca¬ 
tions 

Inserts 

Cellular concrete floor raceways 

372.9 

Cellular metal floor raceways 

374.10 

Underfloor raceways 390.14 

In sight from 

Air-conditioning or refrigerating 
equipment 440.14 
Center pivot irrigation machines 
675.8(B) 

Definition 100-1 
Duct heaters 424.65 
Electric-discharge lighting 
410.141(B) 

Fixed electric space-heating 
equipment 424.19(A) 




Motor driven appliances 
422.31(C) 

Motors, motor controllers 
430.102 

Room air conditioners 440.63 
Signs 600.6(A) 

Institutions, emergency lighting 

Art. 700 

Instructions 110.3(B), 230.95(C) 
Instrumentation tray cable (Type 
ITC) Art. 727 
Allowable ampacity 727.8 
Bends 727.10 
Construction 727.6 
Definition 727.2 
Marking 727.7 
Overcurrent protection 727.9 
Uses not permitted 727.5 
Uses permitted 727.4 
Instruments, meters, relays 
Grounding 250-IX 
Hazardous (classified)! nation 
501.105. 502.1 ' 
Low-voltage 51 
Instrument transformers 
Groundi mjUP fO-IX 


Conductors, 
htion 

Double .see Double insulated 
ouipment I10.3(A.)(4) 
xture wire 4()2.3 > IN, Table 

lblec^re Table 400.4, 
400.21(B) 

eating cables 424-V 
iminaire and lampholder parts 
410.52, 410.56 
hermal insulation 
Armored cable installed in 
320.80(A) 

Luminaires, installed near 
410.116(B) 

Service-entrance cables in¬ 
stalled in 338.10(A)(4) 

Insulators 

Nonabsorbent 230.27, 394.30(A) 

Open wiring see Open wiring on 
insulators 

Outdoor overhead conductors 
399.30(C) 

Integrated electrical systems Art. 
685 

DC system grounding 685.12 

Orderly shutdown 645.10 Ex., 
645.11, 685-11 

Overcurrent protection, location 
of 685.10 

Ungrounded control circuits 
685.14 

Integrated gas spacer cable (Type 
IGS) Art. 326 

Construction 326—III 
Conductors 326.104 
Conduit 326.116 
Insulation 326.112 
Marking 326.120 

Definition 326.2 

Installation 326-11 
Ampacity 326.80 



Bending radius 326.24 
Bends 326.26 
Fittings 326.40 
Uses not permitted 326.12 
Uses permitted 326.10 
Interactive systems 

Definition 100-1, 690.2, 692.2 
Fuel cell systems 692-VII 
Small wind electric systems 
694.50, 694.60 
Solar photovoltaic systems 

690.54, 690.60, 690.61 
Intercommunications systems see 
Communications cir¬ 
cuits; Hazardous (classi¬ 
fied) locations 

Interconnected electric power 

production sources Art. 
705; see also Utility- 
interactive inverters 
Definitions 705.2 
Directory 705.10 
Disconnect device 705.22 
Disconnecting means 
Equipment 705.21 
Sources 705.20 
Equipment approval 705.4 
Generators 705-III 
Ground-fault protection 705.32 
Grounding 705.50 
Interrupting and short-circuit 
current rating 705.16 
Loss of 3-phase primary source 

705.42 

Loss of primary source 705.40 
Output characteristics 705.14 
Overcurrent protection 705.30 
Point of connection 705.12 
Synchronous generators 705.143 
System installation 705.6 
Intermediate metal conduit (Type 
IMC) Art. 342 
Bends 342.24, 342.26 
Bushings 342.46 
Construction 342—III 
Couplings and connectors 

342.42 

Definition 342.2 
Dissimilar metals 342.14 
Installation 342-11 
Listing 342.6 

Maximum number of conductors 
and fixture wires in 
Tables C4 and C4A 
Number of conductors in 342.22 
Reaming and threading 342.28 
Size 342.20 

Splices and taps 342.56 
Standard lengths 342.130 
Supports and securing 342.30 
Uses permitted 342.10 
Wet locations 342.10(D) 
Intermittent duty 
Definition 100-1 
Motors 430.22(E), 430.33 
Interpretations, formal see For¬ 
mal interpretations 
Interrupter switch see Switches, 
interrupter 

Interrupting rating 110.9, 

240.60(C)(3), 240.83(C) 
Definition 100-1 
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Intersystem bonding termination 

250.94, 770.100, 

800.100, 810.21, 

820.100, 830.100 
Definition 100-1 
Intrinsically safe apparatus 
Definition 504.2 
Grounding 504.50(A) 
Intrinsically safe circuits 504.30 
Definition 504.2 

Intrinsically safe systems Art. 504 
Bonding 504.60 
Conductors, separation of 
504.30 

Definitions 504.2, 506.2 
Enclosures 504.30(A)(2), 
504.50(A) 

Equipment installation 504.10, 
506.8(C), 506.8(J) 
Equipment listing 504.4 
Grounding 504.50 
Identification 504.80 
Sealing 504.70 

Separation of intrinsically safe 
conductors 504.30 
Wiring methods 504.20 
Introduction Art. 90 
Inverters; see also Utility- 

interactive inverters 
Definition 690.2, 694.2 
Small wind electric systems 
694.12(A), 694.18(A) 
Solar photovoltaic systems 
690.4(H), 690.6(B), 
690.8(A), 690.35(G), 
690.47(B) 

Irons see Flatirons 
Irrigation machines Art. 675 
Bonding 675.14 
Center pivot 675-11 
Definition 675.2 
Collector rings 675.11 
Conductors 675.5, 675.9 
Current ratings, equivalent 
Definitions 675.2 
Disconnecting means 675.8 
Grounding 675.12, 675.13 
Irrigation cable 675.4 
Lightning protection 675.15 
Marking 675.6 

Motors on branch circuit 675.10 
Supply source, more than one 
675.16 

Isolated 

Arcing parts 110.18 
Circuits, low voltage 517.64(C) 
Definition 100-1 
Equipment grounding conductor 
250.146(D) 

Health care facility power sys¬ 
tems 517-VII 

Critical care areas 517.19(E), 
517.19(F) 

Definition 517.2 
Essential electrical systems 
517.30(C)(2) 

Grounding 517.19(F), 
647.7(B) 

Installation 517.160(A) 

Wet procedure locations 
517.20(B) 


Phase installations 300.5(1) Ex. 
2 

Isolating means, over 600 volts 

490.22 

Isolating switches see Switches, 
isolating 

Isolation by elevation 

Circuits over 600 volts 
110.34(E) 

Circuits under 600 volts 
110.27(A) 

Resistors and reactors over 600 
volts 470.18(B) 
Isolation equipment, systems 

(motors) 430.109(A)(7) 
Definition 430.2 

Isolation transformer see Trans¬ 
formers, Isolation 


-J- 

Joints; see also Splices and taps 
Expansion see Expansion joints 
Grounding electrode conductor 
250.64(C) 

High density polyethylene con¬ 
duit 353.48 

Insulating, fixtures 410.36(D) 
Insulation of 110.14(B) 
Reinforced thermosetting resin 
conduit 355.48 

Rigid polyvinyl chlori de cond uit 
352.48 
Strain at 400.10 

Joists 

Air-handling, space 300 



, 424.41(J) 

^ notches in 

&oo.4n 

l cable 

.15(C) 

Open wiring, crossing 398.15(C) 
k Parallelj^y framing members, 
rcables and raceways 
300.4(D) 

Jumpers, bonding 250.168 
Cable trays 392.60(C) 
Community antenna television 
and radio distribution 
systems 820.100(D) 
Definition 100-1 
Equipment 250.98, 250.102, 
310.10(H)(6) 

Definition 100-1 
Generators 250.35(B) 
High-impedance grounded 
neutral system 
250.36(E), 250.36(G) 
Separately derived systems 
250.30(A)(2) 

Solar photovoltaic systems 
690.50 

Expansion joints, telescoping 
sections of raceways 
250.98 

Grounding electrode system 
250.53(C), 250.64(F) 


Grounding-type receptacles 
250.146 

Hazardous (classified) locations 

250.100, 501.30(A), 
502.30(A), 503.30(A), 
505.25(A) 

Health care facilities 517.19(C) 
and (D) 

Main 250.24(B), 250.28 
Definition 100-1 
Wire or busbar, as 
250.24(A)(4) 

Metal, structural 250.104(C) 
Network-powered broadband 

communications system 
830.100(D) 

Optical fiber cables 770.100(D) 
Panelboards 408.3(C) 

Piping systems 250.104 
Radio and television equipment 

810 . 2 HA 

Separately djfea systems 

250.30(A), 250.30(B)(3) 
Service equipment 250.28, 

^50.92(^|50.102(C) 
Sol# photo voltaicrsy steins 
690.48, 690l«k 
upply-sj^le 250.30(A)(5^ 
•30(B)(3) 

Ttion 250.2 
iboards 408.3(C) 

250.28, 250.30(A) 
ixes; see also Boxes; 

11 boxes 
ability 314.29 
"ar concrete floor raceways 
372.7 

Cellular metal floor raceways 
374.9 

Covers 314.28(C), 314.72(E) 
Deicing and snow-melting 
cables 426.22(E), 
426.24(B) 

Motor controllers and discon¬ 
nects 430.10(A) 
Nonheating cable leads 424.43 
Over 600 volts 314-IV 
Sensitive electronic equipment 
647.4(B) 

Separation from motors 
430.245(B) 

Size 

Conductors 4 AWG and 

larger 314.16, 314.28(A) 
Conductors 6 AWG and 
smaller 314.16(C)(1) 
Construction specifications 
314—III 
Supports 314.23 
Swimming pools 680.23(C)(2), 
680.24 

Switch enclosures 110.59, 
404.3(B) 

Underfloor raceways 390.13 


-K- 

Kitchen 

Definition 100-1 
Receptacles in 210.8(A)(6) 

Kitchen equipment, commercial 

220.56, 422.11(F)(2) 


Knife switches 

Butt contacts 404.6(C) 
Connection 404.6(C) 
Construction specifications 
404-11 

Enclosures 404.3 Ex. 1 
General-use 404.13(C) 

Interrupt current 404.13(B) 
Isolating 404.13(A) 
Motor-circuit 404.13(D) 
Position, enclosed and open 
types 404.6 
Ratings 404.14 
600-volt 404.16 

Knob-and-tube wiring Art. 394 
Accessible attics 394.23 
Clearances 394.19 
Conductors 394.104 
Construction 394—III 
Definition 394.2 
Devices 394.42 
Installation 394-11 
Securing and supporting 394.30 
Splices and taps 394.56 
Through or parallel to framing 
members 394.17 
Uses not permitted 394.12 
Uses permitted 394.10 
Knockouts 
Bonding 

Over 250 volts 250.97 Ex. 

Service equipment 250.92(B) 
Openings to be closed 

110.12(A), 314.17(A) 


-L- 

Labeled 

Definition 100-1 
Labels required 550.20(B), 

550.32(G), 551.46(D), 

551.47(Q)(3), 

551.47(R)(4), 

552.44(D), 552.48(P)(3), 
552.59(B); see also 
Warning signs (labels), 
at equipment 
Lacquers and paints 
Application Art. 516 
Atmospheres 500.5(B), 

500.6(A), Alt. 501, Art. 
505, 505.5(B) 
Lampholders 

Branch circuits supplying 
210.23 

Circuits less than 50 volts 720.5 
Combustible material, near 
410.97 

Damp or wet locations 

410.10(A), 410.96 
Double-pole switched 410.93 
Heavy-duty see Heavy-duty 
lampholders 
Infrared lamps 422.14 
Installation 410-VIII 
Mogul base see Mogul base 
lampholders 
Outdoor 225.24 
Outlet boxes 314.27(A) 

Pendant 

Bathrooms 410.10(D) 
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Not in clothes closets 
410.16(B) 

Not in theater dressing rooms 

520.71 

Screw-shell types for lamps only 
410.90 

Supports 314.23(F) 

Unswitched over combustible 
material 410.12 

Lamps Art. 410; see also Lumi¬ 
naires; Hazardous (clas¬ 
sified) locations 
Arc see Arc lamps, portable 
Auxiliary equipment 410-IX 
Backstage (bare bulb) 520.47 
Clothes closets, in 410.16 
Electric discharge 410.62(C), 

410.104, 410-XII, 410- 
XIII 

Electric discharge, auxiliary 
equipment enclosure 
410.104(A) 

Fluorescent see Fluorescent 
luminaires 

Guards see Guarding, guards 
Headlamps see Handlamps, por¬ 
table 

Incandescent see Incandescent 
lamps 

Infrared see Infrared lamp in¬ 
dustrial heating appli¬ 
ances 

Motion picture projectors 
540.14, 540.20 
Motion picture studios 
Film storage vaults 530.51 
Stages, portable 530.16, 
530.17 

Viewing, cutting tables 

530.41 

Outdoor, location 225.25 
Pendant conductors 410.54 
Portable see Portable luminaires 
Stand 520.68(A)(2) 

Definition 520.2, 530.2 
Theaters 

Border and proscenium 
520.44 

Dressing rooms, lamp guards 

520.72 

Festoons 520.65 
Footlights 520.43 
Stage, arc, portable 520.61 
Switchboards, pilot lights 
520.53(G) 

Wattage marking, flush and re¬ 
cessed luminaires 

410.120 

Laundry 

Circuit load 220.52(B) 

Outlets 

Dwelling 210.11(C)(2), 
210.50(C), 210.52(F) 
Mobile homes 550.13(D)(7) 
Laundry area 210.52(F), 

550.12(C), 550.13(D)(7) 
Definition 550.2 
Leakage-current detector- 

interrupter 440.65 
Definition 440.2 


LED sign illumination systems 

600.33 

Definition 600.2 

Legally required standby systems 

Art. 701 

Accessibility 701.25 
Capacity and rating 701.4 
Circuit wiring 701.10, 701-11 
Definition 701.2 
Ground-fault protection of 
equipment 701.26 
Grounding 701.7(B) 

Overcurrent protection 701-IV 
Signals 701.6 
Signs 701.7 

Sources of power 701—III 
Tests and maintenance 701.5 
Transfer equipment 701.5 
Wiring 701.10 

Lengths 

Branches from busways 
368.56(B) 

Conduit bodies 314.71 
Electrical metallic tubing 

358.120 

Electrical nonmetallic tubing 

362.120 

Enclosures, handhole 314.71 
Free conductors at outlets and 

switches 300.14, 424.43, 
426.23(A) 

High density polyethylene con-d 
duit, marking 353.120 
Intermediate metal conduit 
342.120, 342.130 
Liquidtight flexible^ 
conduit ' 

Open wiring ijmRimetallil 
ible tubing 398.^ 

Pull and junction boxa 
314.7T 

Reinforced thermos 
k3552 


Gallic 


Rigid metal co 
344.130 
gid polyvinyl < 
duit, mj| 
Spa^ f-hea tina 


lit 344 


chloride con- 
ng 352.120 
Ble, nonheating 
^24.34 

Taps 21 OM:0(A)(4)Ex. 1, 240.21, 
240.92(B) 


Exits see Exits, emergency 
lighting 

Feeders, calculation of load 
220.42, 220-IV 
Festoon see Festoon lighting 
Fixtures see Luminaires 
Outlets see Lighting outlets 
Outline see Outline lighting 
Sensitive electronic equipment 
647.8 

Systems see Lighting systems, 
30 volts or less 
Track see Lighting track 

Lighting assembly, cord-and- 
plug-connected 

Definition 680.2 
Lighting outlets 210.70, 

314.27(A), 410.36(A), 

4io-m 

Definition 100-1 
Lighting systems, 30 ’ 

Art. 

Branch circuit < 

Definition 411, 

Hazardous j 

Listh^^Pjuired 411.3 
Location requirements 411.4 
Secondary circuits 411.5 
Lighting track 4u)-XIV 
Construction requirements 
4fo|l5 
Definition 41C 
Fas tening 4,10 .13 

1153 

JRTtallation 410.151 
^oad calculations 220.43(B) 

htning rods 

Igation machines 675.15 
Spacing from 250.106 IN No. 2 
Lightning (surge) arresters Art. 
280 

Antenna discharge units 810.20 
Community antenna television 
and radio distribution 
systems 820.106 
Connections at services 
230.82(4) 

Definition 100-1 
Grounding 250.60, 250.106, 
280.25 



Motor branch circuit 
430.53(D) 

Motor feeders 430.28 
Life safety branch 
Definition 517.2 
Essential electrical systems 
517.32, 517.42 

Life support equipment, electri¬ 
cal 517.45(B) 

Definition 517.2 
Lighting 

Airfield lighting cable 310.10(F) 
Ex. 2 

Branch circuits, calculation of 
load 220.12 
Cove 410.18 
Decorative 410-XV 
Electric discharge see Electric 
discharge lighting 
Emergency Art. 700 


Radio and television equipment 
Receiving stations (antenna 
discharge units) 810.20 
Transmitting stations, antenna 
discharge units 810.57 

Services over 600 volts 230.209 
Lightning (surge) protection Art. 
280; see also Surge- 
protective devices 
(SPDs) 

Communication circuit conduc¬ 
tors 800.53 

Connections at services 230.82 

Hazardous (classified) locations 
501.35, 502.35 

Hoistways and machine rooms 
620.37(B) 

Network-powered broadband 

communications systems 
830.44(I)(3) 


Small wind electric systems 
694.40(C)(4) 

Lights; see also Lamps; Lighting; 
Luminaires 
Border 520.44 

Cables for, theaters 520.44(C) 
Definition 520.2 
From railway conductors 110.19 
Scenery, theaters, halls 520.63 
Strip 

Definition 520.2 

Limited care facilities; see also 
Health care facilities 
Definition 517.2 
Essential electrical systems 
517.40 

Line isolation monitor 517.160(B) 
Definition 517.2 
Lint, flyings Art. 503, Art. 506 
Liquidtight flexible metal conduit 

(Type LFMC) Art. 350 
Bends 350.24, 350.26 
Couplings and connectors 

350.42 

Definition 350.2 
Grounding and bonding 350.60 
Installation 350-11 
Listing 350.6 

Maximum number of conductors 
and fixture wires in 
Tables C7 and C7A 
Number of conductors and 
cables in 350.22 
Securing and supporting 350.30 
Size 350.20 

Uses not permitted 350.12 
Uses permitted 350.10 

Liquidtight flexible nonmetallic 
conduit (Type LFNC) 

Art. 356 

Bends 356.24, 356.26 
Construction specifications 356- 

III 

Couplings and connectors 

356.42 

Definition 356.2 
Grounding and bonding 356.60 
Installation 356-11 
Listing 356.6 
Marking 356.120 
Maximum number of conductors 
and fixture wires in 
Tables C5 through C6A 
Number of conductors or cables 
in 356.22 

Securing and supporting 350.30, 
356.30 
Size 356.20 

Splices and taps 356.56 
Trimming 356.28 
Uses not permitted 356.12 
Uses permitted 356.10 

Listed 

Definition 100-1 
Live parts; see also Enclosures; 

Energized parts; Guard¬ 
ing, guards 

Arc-flash hazard warning 110.16 
Capacitors 460.2(B) 

Definition 100-1 


70-904 


NATIONAL ELECTRICAL CODE 2014 Edition 



INDEX 


Manholes 


Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620.4 
Exposed 110.26 
Generators, protection 445.14 
Guarding see Guarding, guards 
Lampholders 410.5, 410.142 
Lamp terminals 410.142 
Lighting systems, electric dis¬ 
charge 410.130(B), 
410.140(C) 

Luminaires and lamps 410.5, 
410.140(C) 

Metal wireways 376.56(B)(4) 

In motion picture and television 
studios 530.15 

Over 600 volts 490.24, 490.35 
Storage batteries 480.9(B) 

In theaters 520.7 
Transformers, guarding 450.8(C) 
In tunnels 110.56 
Loads 

Appliances, household cooking, 
demand Table 220.55 
Branch circuits 

Calculations Art. 220, Annex 
D 

Maximum 210.25, 220.18 
Mobile homes 550.12 
Permissible 210.23, 210.24, 
Table 210.24 

Continuous see Continuous load 
Demand 

Clothes dryers 220.54 
Household cooking appli¬ 
ances 220.55 
Farm 220-V 
Feeders, calculations for 

215.2(A), Art. 220, An¬ 
nex D 

Electrified truck parking 

space equipment 626.1U 
Inductive see Inductive loads A 
Mobile home parks 550.3 lj 
Mobile homes 550.18 
Motors, conductors 430-11 
Nonlinear 

Definition 100-1 
Service, calculations for Art. 

220 

Stage equipment, circuit loads 
520.41 

Location board 

Definition 530.2 
Locations 

Capacitors 460.2(A) 
Communications circuits 

Protective devices 800.90(B), 
830.90(B), 830.90(C) 
Raceways 800.113(B) through 
(L) 

Community antenna television 
and radio distribution 
systems 820.3(A), 
820.44(A)(1), 820.93(D) 
Crane and hoist disconnecting 
means 610-IV 

Damp or wet see Damp or wet 
locations 
Definition 100-1 
Dry see Dry location 


Electric discharge lighting trans¬ 
formers, over 1000 volts 
410.144 

Elevator motor disconnecting 
means 620.51(C) 

Foreign pipes, accessories, trans¬ 
former vaults 450.47 
Generators 445.10 
Grounding connections at elec¬ 
trodes 250.68 

Hazardous see Hazardous (clas¬ 
sified) locations 
Intrinsically safe equipment 
504.10(B) 

Lamps, outdoors 225.25 
Luminaires 410-11 
Mobile homes disconnecting 
means and branch- 
circuit protective equip¬ 
ment 550.11 

Motion picture projection equip¬ 
ment 540.11 

Motor disconnecting means 
430.102 

Motor feeder taps 430.28 Ex. 
Motors 430.14 

Outlet boxes and conduit boxes 
314.29 

Overcurrent devices 240-11 
Overhead service 230.54 
Panelboards, damp or wet 
408.37 

Recreational vehicle di: 
ing means and 
tion panelboar d 

55 ^^^ 

Resistors and reactors 470.2' 
Servic^nsconnectine means 


230.70(^ 


Serviced 


: protection 
230.92 


Demition 530.2 

Sign switches 600.6(A) 

Splices A taps 

AuxiJ By gutters 366.56 
W^flrays 376.56, 378.56 
Surge arresters 280.11 

ge protective devices 285.11 

Swimming pool junction box 
and transformer enclo¬ 
sures 680.24 

Switchboards 408.16, 408.17, 
408.20 

Switches in damp or wet loca¬ 
tions 404.4 

System grounding connections 
250-11 

Transformers and vaults 450.13 

Unclassified 

Definition 500.2, 505.2 

Ventilation openings for trans¬ 
former vaults 450.45(A) 

Wet see Wet locations; Damp or 
wet locations 

Locked rotor motor current 

Code letters 430.7(B), Table 
430.7(B) 

Conversion Tables 430.251(A) 
and (B) 


Hermetic refrigerant motor- 

compressors 440.4(A) 
Locknuts, double, required 
Hazardous (classified) locations 
501.30(A) 

Mobile homes 550.15(F) 

Over 250 volts to ground 250.97 
Ex. 

Recreational vehicles 551.47(B) 
Low-voltage circuits; see also 

Remote-control, signal¬ 
ing, and power-limited 
circuits 
Definition 551.2 
Less than 50 volts Art. 720 
Lugs 

Connection to terminals 
110.14(A) 

Listed type at electrodes 250.70 
Luminaires Art. 410; see also 
Hazan^^^(classified) 
loca 

Adjustabk|410.62(B) 
Agricultural buildings 547.8 
Arc A ^rable 5zS 6L, 530.17 
'ransformers 

allasts supplyingTljk^scent 
inaires 410.. 

Circuits 210.9, 215.11 
equipment 410.137 
near 410.10(D), 

.14(D), 551.53(B) 
nopies, pans 410—III 
circuits 410.24(A), 
410.68 

imputation of 210.19(A), 
220.12, 220.14 
Sizes 210.23, 220.18 
Voltages 210.6, 410.130 
Clothes closets 410.16 
Definition 410.2 
Combustible material, near 

410.11, 410.12, 410.23, 
410.70, 410.116(A)(2), 
410.136 

Connection, fluorescent 410.24, 
410.62(C) 

Construction 410.155, 410-VII, 
410-XI 

Cords, flexible see Cords, Flex¬ 
ible 

Damp, wet, or corrosive loca¬ 
tions 410.10(A), 
410.10(B), 410.30(B)(1) 
Decorative lighting 410-XV 
Definition 100-1 
Dry-niche 680.23(C) 

Definition 680.2 
Ducts or hoods, in 410.10(C) 
Electric discharge see Electric 
discharge lighting 
Flat cable assemblies, luminaire 
hangers installed with 
322.40(B) 

Fluorescent see Fluorescent 
luminaires 

Flush 410-X, 410-XI 
Fountains 680.51 
Grounding 410-V 
Indoor sports, mixed-use, and 
all-purpose facilities, 
use in 410.10(E) 



Inspection 410.8 
Listing 410.6 
Live parts 410.5 
Location 410-11 
Marking 410.74(A) 

Mounting 410.136, 410.137 
No-niche 680.23(D), 680.24(B), 
680.26(B)(4) 

Definition 680.2 
Outlets required see Lighting 
outlets 

Overcurrent protection, wires 
and cords 240.5 
Polarization 410.50 
Portable see Portable luminaires 
Raceways 410.30(B), 410.36(E), 
410.64 
Rating 410.74 

Recessed see Recessed lumi¬ 
naires 

Recreational vehicles 551.53 
Showers, near 410.10(D), 

550.14(D), 551.53(B) 
Show windows 410.14 
Strip lights 

Definition 520.2 
Supports 314.23(F), 410-IV 
Swimming pools, spas, and 
similar installations 
680.22(B), 680.23, 
680.26(B)(4), 680.33, 
680.43(B), 680.51, 
680.62(F), 680.72 
Theaters Art. 520 
Wet 410.10(A), 410.30(B)(1) 
Wet-niche 680.23(B) 

Definition 680.2 
Wiring 410-VI 

Luminaire stud construction 

410.36(C) 


-M- 

Machine rooms 

Branch circuits, lighting and 
receptacles 620.23 
Definition 620.2 
Guarding equipment 620.71 
Wiring 620.21(A)(3), 620.37 
Machinery space 

Branch circuits, lighting and 
receptacles 620.23 
Definition 620.2 
Wiring 620.21(A)(3) 

Machine tools see Industrial ma¬ 
chinery 

Made electrodes 250.50, 250.52 
Mandatory rules 90.5(A) 
Mandatory rules, permissive 

rules, and explanatory 
material 90.5 
Manholes 110-V 
Access 110.75 
Covers 110.75(D) 

Dimensions 110.75(A) 
Location 110.75(C) 

Marking 110.75(E) 
Obstructions 110.75(B) 
Conductors 

Bending space for 110.74 
Class 1, of different circuits 
725.136(F) 
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Class 2, 3 installation 

725.133, 725.136(F) 
Over 600 volts 300.3(C)(2)(e) 
Control circuits installed in 
522.24(B)(3) 

Fixed ladders 110.79 
Ventilation 110.77, 110.78 
Work space 110.72, 110.73 
Manufactured buildings Art. 545 
Bonding and grounding 545.11 
Boxes 545.9 

Component interconnections 

545.13 

Definitions 545.3 
Grounding electrode conductor 

545.12 

Protection of conductors and 
equipment 545.8 
Receptacle or switch with inte¬ 
gral enclosure 545.10 
Service-entrance conductors 
545.5, 545.6 
Service equipment 545.7 
Supply conductors 545.5 
Wiring methods 545.4 
Manufactured homes; see also 
Mobile homes; Recre¬ 
ational vehicles 
Definition 550.2 
Manufactured phase 
Definition 455.2 
Marking 455.6(B) 
Manufactured wiring systems 
Art. 604 

Construction 604.6 
Definition 604.2 
Installation 604.7 
Markings 604.6(B) 

Uses not permitted 604.5 
Uses permitted 604.4 
Marinas and boatyards Art. 555 
Circuit breakers 555.11 
Connections 555.9 
Cranes 555.23 
Definitions 555.2 
Disconnecting means 555.17 
Distribution system 555.4 
Enclosures 555.10 
Ground-fault circuit interrupters 
555.19(B)(1) 

Ground-fault protection 555.3 
Grounding 555.15 
Hazardous (classified) locations 
555.21 
Hoists 555.23 
Load calculations 555.12 
Marine power outlets 555.11 
Definition 555.2 
Motor fuel dispensing 555.21 
Panelboards 555.11 
Railways 555.23 
Receptacles 555.19 
Service equipment, location 
555.7 

Switches 555.11 

Transformers 555.5 

Wiring methods and installation 

555.13 

Markings 110.21; see also Identi¬ 
fication; subhead Mark¬ 
ing under entries for 
specific wiring and 
equipment 


Means of egress 

Health care facilities 517.32(A) 
Illumination 517.32(A), 
517.42(A) 

Mechanical execution of work 

110.12, 640.6, 720.11, 

725.24, 760.24, 770.24, 

800.24, 820.24, 830.24, 
840.24 

Medium voltage cable (Type 
MV) Art. 328 
Ampacity 328.80 
Construction specifications 328- 
III 

Definition 328.2 
Installation 328-11 
Marking 328.120 

Messenger-supported wiring Alt. 
396 

Definition 396.2 
Grounding 396.60 
Installation 396-11 
Messenger support 396.30 
Splices and taps 396.56 
Uses not permitted 396.12 
Uses permitted 396.10 
Metal-clad cable (Type MC) Art. 
330 

Accessible attics 330.23 
Ampacity 330.80 
Bends 330.24 
Boxes and fittings 330.40 
Conductors 330.104 
Construction specifications 330- 
III 

Definition 330.2 
Equipment ground 

330.10& 

Installation ' 

Insulation 330.112 
Marking 31o!n20 
Sheath 330.116 



Uses not permitted 330.12 
Uses pSfc^^i 330.10 

Metal-enclosed switchgear see 
Switchgear, metal- 
enclosed 

Metal frame of building 

Bonding 250.104(C) 

Grounding electrode 
250.30(A)(4), 
250.30(A)(8), 
250.52(A)(2), 250.68(C) 
Not permitted as equipment 
grounding conductor 
250.136(A) 

Metal gutters see Auxiliary gutters 

Metal hoods, stage switchboard 

520.24 

Metal outlet boxes see Boxes, 
metal 

Metals 

Corrosion, protection against see 
Protection, Corrosion 
Dissimilar 110.14, 250.70, 
342.14, 344.14 


Ferrous 300.6(A), 300.20 

Metal siding, grounding of 

250.116 IN 

Metal wireways see Wireways, 
metal 

Metal working machine tools and 
plastic machinery see 

Industrial machinery 

Meters 

Connection and location at ser¬ 
vices 230.82, 230.94 
Ex. 5 

Grounding of cases 250.174, 
250.176 

Grounding to grounded circuit 
conductor 250.142(B) 
Ex. 2 

Hazardous (classified) locations 
501.105, 502.150 

Meter socket enclosures ^e^Cabi- 
nets, cutout boxes, and 
meter socket enclosures 

Metric equivalents 

Raceways, trade sizes 300.1(C) 

Metric units of measurement 

Mineral-insulated metal-sheath^ 
cable (Type MI) Art. 
332, 332-11 
Ampacity 332.80 
Bends 33 

Boxes and fittings 332.40 
ictors 3^2.104 

Construction specifications 332- 
ftnition 332.2 

quipment-grounding conduc¬ 
tors 332.108 
rtallation 332-11 
nsulation 332.112 
Sheath 332.116 
Single conductors 332.31 
Supports 332.30 
Terminal seals 332.40(B) 
Through or parallel to framing 
members 300.4, 332.17 
Uses not permitted 332.12 
Uses permitted 332.10 

Mobile home lot 
Definition 550.2 

Mobile home parks Art. 550 
Definitions 550.2 
Distribution system 550.30 
Electrical wiring system 

Definition 550.2 

Feeder and service demand 
factors 550.18, 550-III, 
Table 550.31 

Minimum allowable demand 
factor 550.31 

Mobile home service equipment 
550.32 

Definition 550.2 

Mobile homes Art. 550; see also 
Park trailers; Recre¬ 
ational vehicles 
Accessory buildings or struc¬ 
tures 

Definitions 550.2 
Appliances 550.12(B) and (D), 

550.14 


Arc-fault circuit-interrupter pro¬ 
tection 550.25 

Branch-circuit protective equip¬ 
ment 550.11 
Branch circuits 550.12 
Calculations of loads 550.18 
CATV coaxial cables, bonding 
and grounding of 

820.106 

Communications circuits 

800.106 
Definitions 550.2 
Disconnecting means 550.11 
Expandable and dual units, wir¬ 
ing 550.19 

Feeder 215.2(A)(4), 550.33 
General requirements 550.4 
Ground-fault circuit interrupter 
550.13(B) 

Grounding 550.16 
Insulated neutral required 
550.16(A)(1) 

Luminaires 550.14, 550.20 
Multiple section, wiring 550.19 
Nameplates 550.11(D) 
Network-powered broadband 

communications cables, 
bonding and grounding 
of 830.106 

Optical fiber cables 770.106 
Outdoor outlets, luminaires, air- 
cooling equipment 
550.20 

Power supply 550.10 
Premises-powered broadband 
communications sys¬ 
tems, bonding and 
grounding of 840.106 
Receptacle outlets 550.13 
Service equipment 550.32 
Definition 550.2 
Testing 550.17 

Wiring methods and materials 

550.15 

Mobile X-ray equipment 

660.4(B), 660.21 
Definition 660.2 

Modules, solar photovoltaic sys¬ 
tems 690.4(C) through 
690.4(E), 690.8(D), 
690.32, 690.43(E), 
690.51, 690.52; see also 
Solar photovoltaic sys¬ 
tems 

Definition 690.2 
Mogul base lampholders 

210.6(C)(3), 410.103 
Monopole subarrays 690.4(G) 
Definition 690.2 
Monorails 555.23, Art. 610 
Motion picture and television 
studios Art. 530 
Definitions 530.2 
Dressing rooms 530—III 
Feeder conductors, sizing 530.19 
Film storage vault 530-V 
Grounding 530.20 
Lamps, portable arc 530.17 
Live parts 530.15 
Luminaires, portable 530.16 
Overcurrent protection 530.18, 
530.63 
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Portable equipment 530.6 
Stage or set 530-11 
Substations 530-VI 
Viewing, cutting, and patching 
tables 530-1V 

Wiring 

Permanent 530.11 
Portable 530.12 

Motion picture projector rooms 

see Projector rooms, 
motion picture 

Motion picture theaters see The¬ 
aters 

Motor-circuit switches 

Definition 100-1 

Motor control center see Control 
centers 

Motor fuel dispensing facilities 

Art. 514; see also Haz¬ 
ardous (classified) loca¬ 
tions 

Circuit disconnects 514.11 
Classification of locations 514.3 
Definition 514.2 
Equipment 514.4, 514.7 
Grounding and bonding 514.16 
Maintenance and servicing 
514.13 

Sealing 514.9 
Underground wiring 514.8 
Wiring 514.4, 514.7, 514.8 

Motor-generator arc welders see 
Welders, electric 

Motor homes; see also Mobile 
homes; Recreational 
vehicles 
Definition 551.2 

Motors Art. 430 

Adjustable speed drive and drive 
systems 430.88, 430-X 
Definitions 430.2 
Air-conditioning units Art. 440 
Appliances, motor-driven see 
Appliances 

Branch circuits 430-11 
Combination loads 430. 

430.63 

Overload protection 430—III 
Short-circuit and ground-fault 
protection 430-IV 
Taps 430.28, 430.53(D) 
Torque motors 430.52(D) 
Bushing 430.13 
Capacitors 430.27, 460.9 
Circuit conductors 430-11 
Code letters Table 430.7(B) 
Conductors 430-11 

Adjustable speed drive sys¬ 
tems 430.122 
Ampacities 430.6 
Combination loads 430.25 
Continuous duty 430.22 
Direct-current motor-rectifier 
supplied 430.22(A) 
Equipment grounding con¬ 
ductors 250.122(D) 
Feeder demand factor 430.26 
Intermittent duty 430.22(E) 
Motor and other loads 430.24 
Several motors 430.24 
Single motor 430.22 
Small motors 430.22(G) 


Wound rotor secondary 
430.23 

Wye-start, delta-run 
430.22(C) 

Continuous duty 430.32 
Controller rating 430.83(D) 
Overload protection 

430.32(A), 430.32(C) 
Wound-rotor secondary 
430.23 

Control centers see Control cen¬ 
ters 

Control circuits 430-VI 
Controllers see Controllers, mo¬ 
tor 

Cord-and-plug-connected 

430.109(F) 

Current, full load see Full-load 
current motors 
Curtain, theater 520.48 
Definitions 430.2 
Disconnecting means 430.75, 
430.95, 430-IX, 
430.128, 430.227 
Feeder demand factor 430.26 
Feeders, calculation of load 

220.40, 220.50, 220-IV 
Full-load current see Full-load 
current motors 
Fuseholder, size of 430.57 
General 430-1 
Ground-fault protectio 
430-V 

Grounding 250-VI, 430, 
430^^30-XIII 
Grouped J>30;i4, 43p.42. 

112 Ex. 

• attendants 430.233' 


p, 505.16(E)(2), 
430.17 

IndustriaiBfaachinery Art. 670 
Intermittent duty 430.22(E), 
50.33 

r protection from 430.11 
rparts, protection of 430- 
XII 

Location 430.14 
Maintenance 430.14(A) 

Marking 430.7 

Motor control centers 430.98 
Terminals 430.9(A) 

Motor control centers 430-VIII 
Multispeed see Multispeed mo¬ 
tors 

Overcurrent protection 
Branch circuits 430-IV 
Combined overcurrent protec¬ 
tion 430.55 

Control circuits 430.72 
Equipment grounding con¬ 
ductors 250.122(D) 
Motor control centers 430.94 
Motor feeders 430-V 
Over 600 volts 430.225 
Overheating, dust accumulations 
430.16 




nllest rated 



Overload protection 430—III, 
430.55, 430.124, 
430.225(B), 460.9 
Overtemperature protection 
430.126 

Over 600 volts 430-XI 
Part winding see Part-winding 
motors 

Rating or setting of branch- 

circuit short-circuit and 
ground-fault devices 
Table 430.52 

Restarting, automatic 430.43 
Short circuit protection 430-IV, 
430-V 

Speed limitations 430.89 
Starting, shunting 430.35 
Swimming pools, fountains, and 
similar installations 
680.21, ^0.27(B)(1) 
System isolation equipment 
9(A)(7) 

Definii 
Tables 
Tafia J3 

inal housings * 

430.245(A) 
Termin^y30.9 
Thr eowlf rerload units Table 
430.37 
le motors 

h circuits 430.52(D) 
CoEtrdiler rating 430.83(D) 
isconnecting means 

430.109(G), 430.110(B) 
Ultimate trip current 
430.32(A)(2) 

Ventilation 430.14(A), 430.16 
Wiring diagram Fig. 430.1 
Wiring space in enclosures 
430.10 

Mounting of equipment 110.13, 

314.23, 404.9(A), 
404.10, 410-IV 
Moving walks see Elevators, 

dumbwaiters, escalators, 
moving walks, platform 
lifts, and stairway chair¬ 
lifts 

Multioutlet assembly Art. 380 
Calculation of load 220.14(H) 
Definition 100-1 
Deflected insulated conductors 
380.23(A) 

Insulated conductors 380.23 
Metal, through dry partitions 
380.76 

Pull boxes, use as 380.23(B) 
Uses not permitted 380.12 
Uses permitted 380.10 

Multiple branch circuits 210.7 
Multiple circuit connections, 
grounding 250.144 
Multiple conductors (conductors 
in parallel) see Con¬ 
ductors, multiple 

Multiple fuses (fuses in parallel) 

240.8, 404.17 
Definition 100—II 
Multispeed motors 

Branch circuits 430.22(B) 


Locked-rotor code letters 
430.7(B)(1) 

Marking 430.7(B)(1) 
Overload protection 
430.52(C)(4) 

Multiwire branch circuit 210.4 
Definition 100-1 
Hazardous locations 501.40, 
502.40, 505.21 


-N- 

Nacelle 

Definition 694.2 
Nameplates see subhead under 

entries for specific wir¬ 
ing and equipment 

Natural and artificially made 
bodies of water, elec¬ 
trical wiring and 
equipment for Art. 682 
Definitions 682.2 
Grounding and bonding 682—III 
Installation 682-11 
Neat and workmanlike installa¬ 
tion 110.12, 640.6(A), 
720.11, 725.24, 760.24, 

770.24, 800.24, 820.24, 

830.24, 840.24 
Neon tubing 600.41 

Definition 600.2 
Network interface unit 
Definition 830.2 
Network-powered broadband 
communications sys¬ 
tems Art. 830 

Access to electrical equipment 
behind panels 830.21 
Buildings 830-11, 830-V 

Cables outside or entering see 
subhead: Cables outside 
and entering buildings 
Installation methods within 
830-V 

Underground circuits entering 
see subhead: Under¬ 
ground circuits entering 
buildings 

Cables outside and entering 
buildings 830-11 
Aerial cables 830.44 
Above roofs 830.44(B) 
Between buildings 
830.44(H) 

On buildings 830.44(1) 
Clearance from ground 
830.44(C) 

Climbing space 
830.44(A)(3) 

Final spans 830.44(E) 
Lead-in clearance 
830.44(A)(4) 

Over pools 830.44(D) 

On poles 830.44(A) 
Entrance cables 830.40 
Low-power circuits 
830.40(B) 

Medium-power circuits 
830.40(A) 

Cable types 830.113, Table 
830.154(a), 830.179 
Definitions 830.2 
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General 

Mechanical execution of 
work 830.24 
Scope 830.1 

Grounding methods 830-IV 
Bonding and grounding at 
mobile homes 830.106 
Cable network interface unit, 
and primary protection 
830.100 

Metallic members 830.93 
Listing 830.113(A), 830-VI 
Locations 830.3(A) 

Low-power cables 830.110, 
830.133(A)(1), 
830.179(B) 

Marking 830.179 
Medium-power wiring 830.110, 
830.133(A)(1), 
830.179(A) 

Power limitations 830.15 
Protection 830—III 

Grounding of metallic mem¬ 
bers 830.93 

Physical damage, protection 
against 830.3(E), 
830.44(I)(4), 830.47(C), 
830.100(A)(6) 

Primary electrical protection 
830.90 

Underground circuits entering 
buildings 830.47 
Direct-buried cables and race¬ 
ways 830.47(B) 
Mechanical protection 
830.47(C) 

Pools, under 830.47(D) 
Underground systems 
830.47(A) 

Neutral; see also Conductors, 
grounded 

Bare 230.22 Ex., 230.30 Ex., 
230.41 Ex. 

Bonding to service equipment 
250.92 

Busways, over 600 volts 
368.258 

Common see Common neutral 
Conductor 310.15(B)(5), 

310.15(B)(7), Tables 

B.310.15(B)(2)(1) 

through 

B.310.15(B)(2)(10) 
Definition 100-1 
Continuity of 300.13 
Direct current generators 
445.12(D), 445.13 
Equipment, grounding to 
250.142 

Feeder load 220.61 
Floating buildings, conductors in 
553.9 
Grounding of 

AC systems 250.4, 250.24, 
250.26, 250.34, 250.36 
DC systems 250.4, 250.34, 
250.36, 250.162(B) 
High-voltage systems 250.182 
through 250.186 
Identification Art. 200 
Messenger supported wiring 
396.30(B) 


Point 

Definition 100—I 
Ranges and dryers, grounding 

250.140, 250.142(B) Ex. 
1 

Small wind electric systems 
694.64 

Switchboard, stage 520.27(B), 

520.53(H)(2), 520.53(0) 
Uninsulated, where permitted 

230.22 Ex., 230.30 Ex., 
230.41 Ex., 250.140 
Ex., 338.10(B)(2) 
Neutral systems, high-impedance 
grounded see High- 
impedance grounded 
neutral systems 
Nightclubs Art. 518 
Nipples, conduit see Conduit 
nipples 

Noise see Electrical noise 

Nonautomatic 

Definition 100-1 

Nonelectrical equipment, ground¬ 
ing 250.116 

Nongrounding-type receptacles, 
replacements 

250.130(C), 406.4(D)(2) 

Nonincendive circuits 500.7(F), 
506.8(F) 

Definition 500.2, 506.2 
Nonincendive component 
500.7(H) 

Definition 500.2 
Nonincendive equipment 
500.7(G), 50J2, 

Definition 500.2. 

Nonincendive field wiring 
50iwK)(3), 
502.10(B)(3). 
503.10(A)(4 
Defi nition 500.27506 
No; 

finition 

netallic boxSjpce Bo 
nonmetallii 

etallic conduit \ee Liq- 

uidtight flexible nonme- 
allic conduit; Nonme- 
underground 
cdTduit with conductors 
Nonmetallic extensions Art. 382 
Bends 382.26 
Boxes and fittings 382.40 
Concealable 382.15(B) 

Bends 382.26(B) 

Definition 382.2 
Flat conductors 382.104 
Listing 382.6 
Securing and supporting 
382.30(B) 

Uses permitted 382.10 
Construction specifications 382- 

III 

Definition 382.2 
Devices 382.42 
Exposed 382.10(B), 382.15 
Flat conductors 382.104 
Installation 382-11 
Insulation 382.112 
Listing requirements 382.6 
Marking 382.120 




Splices and taps 382.56 
Supporting and securing 382.30 
Uses not permitted 382.12 
Uses permitted 382.10 
Nonmetallic-sheathed cable 

(Types NM, NMC, and 
NMS) Art. 334 
Accessible attics 334.23 
Ampacity 334.80 
Bends 334.24 
Boxes and fittings 334.40 
Conductors 334.104 
Construction 334—III 
Definition 334.2 
Devices of insulating material 
334.40(B) 

Devices with integral enclosures 
334.40(C) 

Equipment grounding conductor 
334.108 

Exposed work 334.15 j 
Installation 334- 
Insulation 3342 
Listed 334.6 
Marking 3M. l70 
Nonmctullic oullet boxes 
40(A) 

Sheath 334.116 

0 

allel to framing 
■ers 300.4, 334.17 
nents 334.15(C) 
334.12 

permitted 394.10 
allic underground con¬ 
duit with conductors 

(Type NUCC) Art. 354 
:nds 354.24, 354.26 
hings 354.46 

onductor terminations 354.50 
Construction specifications 354— 
III 

Definition 354.2 
Grounding 354.60 
Installation 354-11 
Joints 354.48 
Listing 344.6 

Listing requirements 354.6 
Marking 354.120 
Number of conductors 354.22 
Size 354.20 

Splices and taps 344.56 
Trimming 354.28 
Uses not permitted 354.12 
Uses permitted 354.10 
Nonmetallic wireways see Wire- 
ways, nonmetallic 
Nonpower-limited control circuits 
Amusement attractions 
522.10(B) 

Nonpower-limited fire alarm cir¬ 
cuits (NPLFA) see Fire 
alarm systems, 
Nonpower-limited cir¬ 
cuits 

Nontamperable 

Circuit breakers 240.82 
Type S fuses 240.54(D) 

Number of services 230.2 
Disconnecting means 230.71, 
250.64(D) 


Service-entrance conductor sets 

230.40 
Nurses’ stations 

Definition 517.2 

Nursing homes; see also Health 
care facilities 
Definition 517.2 
Essential electrical systems 

517.40 


-o- 

Occupancy, fighting loads 220.12, 
Table 220.12 

Office furnishings Art. 605 
General 605.2 
Lighting accessories 605.5 
Partitions 

Fixed-type 605.6 
Freestanding type 605.7, 
605.8 

Interconnections 605.4 
Wireways 605.3 

Official interpretations see For¬ 
mal interpretations 
Oil (filled) cutouts 490.21(D) 
Definition 100 II 
Oil-filled equipment 490.3; see 
also Transformers, oil- 
insulated 

Oil immersion 500.7(1) 

Definition 500.2 
Oil-insulated transformers see 

Transformers 

On-site power production facility 

695.3(A) 

Definition 695.2 
On-site standby generator 

695.3(B)(2), 695.3(D), 
695.4(B), 695.6(C) Ex. 

2 

Definition 695.2 

Openings in equipment to be 
closed 110.12(A), 
312.5(A), 314.17(A) 
Open wiring on insulators Art. 

398 

Accessible attics 398.23 
Clearances 398.19 
Conductors, types permitted 
398.104 

Construction specifications 398- 
III 

Definition 398.2 
Devices 398.42 
Exposed work 398.15 
Flexible nonmetallic tubing 
398.15(A) 

Installation 398-11 
Securing and supporting 398.30 
Through or parallel to framing 
members 398.17 
Uses not permitted 398.12 
Uses permitted 398.10 
Operable, externally 
Definition 100-1 
Operating device 
Definition 620.2 
Operating rooms, hospital 
517-IV 

Emergency lighting system Art. 
700 
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Optical fiber cables Art. 770 
Abandoned cables 770.25 
Definition 770.2 
Access to electrical equipment 
770.21 

Applications of listed cables and 
raceways 770.154 
Within buildings 770-ID, 
770.100, 770-V 
Composite cables 770.3(B) 
Definition 770.2 
Conductive cable 770.48(A) 
Definition 770.2 
Definitions 770.2 
Grounding 770.93, 770-IV, 
770.114, 840.93(A), 
840.100 

Installation 770-V 
Listing 770.113(A), 770-VI, 
840.170(B) 

Location 505.9(F), 770.3(A) 
Marking Table 770.179 
Mechanical execution of work 
770.24 

Nonconductive cable 770.48, 
770.110(B)(2) 

Definition 770.2 
Outside and entering buildings 
770-11 

Premises-powered broadband 

communication systems 
Art. 840 

Protection 770-III 
Raceway system 770.3, 770.12, 
770.26, 770.110, 
770.154, 770.182, 
840.110 

Definition 770.2 
Substitution cables 770.154 
Optical network terminal (ONT) 
840.1, 840.93(C), 840- 
IV, 840.113, 840.170 
Definition 840.2 
Optional standby systems Art. 

702 

Capacity and rating 702.4 
Circuit wiring 702-11 
Definition 702.2 
Grounding 702.7(B), 702.11 
Portable generator grounding 
702.11 
Signals 702.6 
Signs 702.7 

Transfer equipment 702.5 

Organs 

Electronic 640.1 
Pipe Art. 650 
Conductors 650.6 
Grounding 250.112(B), 650.4 
Installation of conductors 

650.7 

Overcurrent protection 650.8 
Source of energy 650.4 
Outdoor overhead conductors 

over 600 volts Art. 399 
Definition 399.2 
Support 399.30 
Uses not permitted 399.12 
Uses permitted 399.10 
Outdoor receptacles 210.8(A)(3), 
210.52(E), 406.9, 
680.22(A), 680.32 


Outlet boxes see Boxes 
Outlets 

Appliance 210.50(C) 
Communications circuits 
800.156 
Definition 100-1 
Discontinued 

Cellular concrete floor race¬ 
ways 372.13 

Cellular metal floor raceways 

374.7 

Underfloor raceways 390.8 
Heating, air-conditioning, and 
refrigeration equipment 
210.63, 550.12(D) 
Laundry see Laundry 
Lighting see Lighting outlets 
Loads 220.14 

Multioutlet assembly see Multi¬ 
outlet assembly 
Outdoor 550.20, 551.53(C), 
552.41(E), 552.59 

Power 

Definition 100-1 
Receptacle 210.50 

Definition 100-1 

Dwellings, where required 
210.52 

Required 210—III 
Vacuum assembly, central 
422.15 

Outlet spacing, dwellin; 

board heaters 
Outline lighting Art. 600 
Signs 

Bonding 600.7(B), 600.33(D) 
Branch 4(F), w 

Definitions 100-I,®0.2 
Grounding, conductor size 



Lighting equipment installed 
outdoors 225.7 
Location of outdoor lamps 
225.25 

Mechanical protection 225.20 
More than one building or struc¬ 
ture 225-11 

Access to occupants 225.35 
Access to overcurrent protec¬ 
tive devices 225.40 
Disconnect 

Construction 225.38 
Disconnecting means 
225.31 

Grouping of 225.34 
Location of 225.32 
Maximum number 225.33 
Rating of 225.39 
Suitable for service equip¬ 
ment 22^36 
Identification 225.37, 

230J 

Nur )plies 225.30 

Outdoj tiers 225.24, 




^692.: 

^sterns 7)92.61, 

II 

ating equipment 
5.5 

hotovoltaic systems 
690.1, 690.4, 690.6(B), 
690.7, 690.8, 690.31(E), 
690.35 

Definition 690.2, 690.85 

Outside branch circuits and feed¬ 
ers Art. 225 

Calculation of load 225.8 

Branch circuits 220-1, 220-11, 
225.8(A) 

Feeders 220—III, 225.8(B) 
Circuit entrances and exits, 
buildings 225.11 
Conductors 
Clearance 

From buildings 225.19, 
225.61 

From ground 225.18, 
225.60 

Covering 225.4 
Size 225.5, 225.6, 225.50 
Disconnection 225.31, 225.51, 
225.52 


600 volts ' 
nt of attachment [ 
pacing^jpen conductor 
3.14 

upports 

asts 225.17 
ji conductors 225.12 
uildings 225.15 
fegetafk|r 225.26 

on buildings 225.10 
Outside of buildings 

Separately derived systems 
250.30(C) 

Services considered 230.6 
Ovens, wall-mounted; see also 
Cooking unit, counter- 
mounted; Ranges 
Branch circuits 210.19(A)(3), 
210.23(C), 220.55, 
Table 220.55 Note 4 
Connections 422.16(B)(3), 
422.31(B) 

Demand factors and loads Table 
220.55 

Feeders, calculation of load 
220.82(B)(3) 

Grounding 250.140 
Overcurrent 
Definition 100-1 
Overcurrent devices; see also 

Overcurrent protection 
Branch circuit 240.24(B)(2) 
Definition 100-1 
Enclosed 230.208(B), 312.8 
Solar photovoltaic systems 
690.8(B) 

Standard 240.6 

Overcurrent protection Alt. 240 
Air-conditioning and refrigerat¬ 
ing equipment 440-III 
Amusement attractions 522.23 
Appliances 422.11 
Auxiliary gutters 366.56(D) 
Branch circuits 210.20, 240.4, 
250.32(B)(2), 
250.32(C)(2) 

Busways 368.17 


Capacitors 460.8(B), 460.25 
Circuit breakers 240-VII 
Circuits, remote control, signal¬ 
ing, and power-limited 
Class 1 systems 725.43 
Class 2 and Class 3 systems 
Chap. 9, Tables 11(A) 
and 11(B) 

Communications systems see 
Communications cir¬ 
cuits, protection 
Conductors see Conductors 
Cords, flexible and tinsel 240.5, 
400.13 

Cord sets, extension 240.5 
Cranes and hoists 610-V 
Critical operations power sys¬ 
tems 708-1V 
Current-limiting 
Definition 240.2 
Disconnecting and guarding 
240-IV 

Electric pipeline, vessel heating 
equipment 427.57 
Electric space-heating equipment 
424.22 

Electric vehicle supply equip¬ 
ment 625.21 

Electroplating systems 669.9 
Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, stairway 
chairlifts 620-VII 
Emergency systems 700-VI 
Enclosures 230.208(B), 240-III, 

312.8 

Exciters 445.12(A) 

Feeders 215.3, 250.32(B)(2), 
250.32(C)(2) 

Feeder taps 240.21, 240.92, 
430.28 

Fire alarm systems 760.43, 

760.45, Chap. 9, Tables 
12(A) and 12(B) 

Fire pumps 230.90(A) Ex. 4, 
430.31 IN, 695.4(B), 
695.5(B), 695.5(C) 
Fixture wires 240.5, 402.12 
Flexible cords see Cords, flex¬ 
ible 

Fuel cell systems 692.8, 692.9 
Fuses and fuseholders 240.8, 

240-V, 240-VI, 404.17 
Generators 445.12 
Induction and dielectric heating 
equipment 665.11 
Industrial control panels 409.21 
Industrial installations, super¬ 
vised 240-VIII 
Industrial machinery 670.4(C) 
Instrumentation tray cable (Type 
ITC) 727.9 

Integrated electrical systems 
685.10 

Interconnected electric power 
production sources 
705.30 

Generators 705.130 
Utility-interactive inverters 
705.65 

Legally required standby sys¬ 
tems 701-IV 
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INDEX 


Lighting track 410.153 
Location 230.91, 230.92, 

240.92, 240-11 
Mobile home 550.11 
Motion picture and television 
studios 530.18, 530.63 
Motors see Motors 
Multiple fuses and circuit break¬ 
ers (in parallel) 240.8, 
404.17 

Occupant access to 240.24(B) 
Organs 650.8 

Over 600 volts 110.52, 240-IX, 
460.25, 490.52 
Panelboards 408.2, 408.36, 

408.52, 408.54, 408.55 
Ex.l 

Paralleled fuses and circuit 

breakers 240.8, 404.17 
Park trailers 552.10(E) 

Phase converters 455.7 
Recreational vehicle parks 
551.74 

Recreational vehicles 551-IV, 

551.43, 551.45 
Remote-control circuits 

240.4(G), 725.41(A)(2), 

725.43, 725.45, Chap. 9, 
Tables 11(A) and 11(B) 

Sensitive electronic equipment 
647.4(A) 

Services 

Equipment 230-VII 
Over 600 volts 230.208 
Small wind electric systems 
694.12(B), 694.15 
Solar photovoltaic systems 
690.4(G), 690.6(E), 
690.9, 690.35(B) 

Storage battery prime movers 
480.4 

Supervised industrial installa¬ 
tions 240-VIII 
Supplementary 240.10 
Definition 100-1 
Switchboards 408.2 
Television studios see Motion 
picture and television 
studios 

Theaters, stage switchboards 
520.23, 520.25(A), 
520.50(C), 520.52, 
520.62(B) 

Transformers 450.3, 450.4(A), 
450.5(A)(2), 

450.5(B)(2), 450.6(B) 
Vertical position, enclosures 
240.33 

Welders, electric 630.12(B), 
630.32(B) 

X-ray equipment 517.73, 660.6 
Overhead gantry 626.23 
Definition 626.2 
Overhead service conductors 
230-11, 800.44 
Clearances 230.24 
Definition 100-1 
Insulation or covering 230.22 
Location 230.54 
Means of attachment 230.27 
Minimum size 230.23 


Point of attachment 230.26, 
230.28 

Supports over buildings 230.29 
Overhead spans 225.6(A) 
Overload 

Definition 100-1 
Protection; see also Overcurrent 
protection 

Cranes and hoists 610.43 
Fire pumps 695.6(C) 

Motors, motor circuits, and 
controllers 430-III, 
430.55, 430.225(B), 
460.9, 610.43(A) to (C), 
620.61(B) 

Over 600 volts Art. 490 
Ampacity 310.15, 310.60, 
392.80(B) 

Bending 300.34 
Bonding 490.74 

Boxes, pull and junction 314-IV 
Busways 368-IV 
Capacitors 460-11 
Circuit breakers see Circuit 
breakers 

Circuit conductors 110.36 
Circuit interrupting devices 
490.21 

Conductors 110—III, 300.39 
Conduit bodies 314—IV 
Definitions 100—II, 490.2 
Distribution cutouts 490.21 (C)^ 
Electrode-type boilers 490-V 
Bonding 490.74 
Branch circuit requirements 
490.72 
Electrical : 

490.: 

General 4 
Pressure al 
limit c(3 

Elevaition nCnn < irded live 

34(E) 

yitchgear and 
pntrol assem- 

■I 

ienergized 

505 

inf of devices in 
a§fSmblies 490.31 
Circuit breaker locking 
490.46 

Circuit breakers — interlocks 
490.45 

Clearance for cable conduc¬ 
tors entering enclosure 
490.34 

Door stops and cover plates 
490.38 

Enclosed equipment 110.31, 
490—III 

Fused interrupter switches 
490.44 

Gas discharge from interrupt¬ 
ing devices 490.39 
General 490.30 
Grounding 490.36, 490.37 
Guarding 490.32, 490.33 
Inspection windows 490.40 
Interlocks — interrupter 

switches 490.42, 490.45 




Location of industrial control 
equipment 490.41 
Service equipment 490.47 
Stored energy for opening 
490.43 

Enclosure for electrical installa¬ 
tions 110.31, 490—III 
Enclosures, handhole 314-IV 
Equipment Art. 490 
Fuel cell systems 692-VIII 
Fuses and fuseholders 490.21(B) 
Grounding Art. 250, 490.36, 
490.37 

Headroom above working 
spaces 110.32 

Illumination of working spaces 
110.34(D) 

Indoor installations 110.31(B) 
Insulation shielding 300.40 
Isolating means 490.22 
Load interrupters * 

Mobile and portables 
490-IV 
Collector riq 
Enclosures ^ 

General 490.51 
High-voltage cables for i 
lower simply 490.56 
ircurrentj^^ection 490.52 
cable connections to 
mobile machines 490.55 
Moisture^^fedianical protection, 
metal-sheathed cables 
,300 -42 

Oil-filled equipment and cutouts 
49?Sr 490.21(D) 
tdoor installations 110.31(C) 
'utdoor overhead conductors 
Art. 399 

ftside branch circuits and 
feeders 225-HI 
Overcurrent protection 110.52, 
240-IX, 460.25, 490.52 
Portable cables 400.36 
Protection of equipment 
110.34(F) 

Resistors and reactors 470-11 
Separation 490.24, Table 490.24 
Services 230-VIII 
Shielding solid dielectric- 

insulated conductors 
310.10(E) 

Small wind electric systems 
69 4-IX 

Solar photovoltaic systems 
690-IX 

Temporary Art. 590 
Tray installations Art. 392 
Tunnel installation 110-IV 
Voltage regulators 490.23 
Wiring methods 300-11, Table 
300.50 


-P- 

Panel, solar photovoltaic systems 

Definition 690.2 
Panelboards Art. 408 

Arc-flash hazard warning 110.16 
Bonding 408.40, 517.14, 
517.19(D) 

Circuit directory 408.4 


Component parts 408.53 
Damp or wet locations 408.37 
Definition 100-1 
Distribution 550.10(B), 550.11, 

551.45, 551.54(B), 

552.45, 552.55(B) 
Definition 550.2, 551.2 

Enclosure 408.38 
General 408.30 
Grounded conductor termina¬ 
tions 408.41 

Grounding 408.40, 517.19(D) 
Installation 110.26(E) 

Marking 408.58 
Overcurrent protection 408.36, 
408.52, 408.54, 408.55 
Ex. 1 

Relative arrangement of 

switches and fuses 
408.39 

Sensitive electronic equipment 
647.4(A) 

Service equipment 408.3(C), 
408.36 Ex. 1, 408.36 
Ex. 3 

Spacing, minimum 408.56 
Support for busbars and conduc¬ 
tors 408.3 

Wire-bending space 408.55 
Working spaces about 110.26 
Pans, fixture 410.23 
Paralleled 

Alternate sources Art. 705 
Circuit breakers and fuses 240.8, 
404.17 

Conductors see Conductors, 
paralleled 

Elevators, dumbwaiters, escala¬ 
tors, moving walks 
620.12(A)(1) 

Power production sources Ait. 
705 

Park trailers Art. 552; see also 
Mobile homes; Recre¬ 
ational vehicles 

Appliance accessibility and fas¬ 
tening 552.58 
Bonding 552.57 
Branch circuits 552.46 
Calculations 552.47 
Combination electrical systems 
552.20 

Conductors and boxes 552.48, 
552.49 

Connection of terminals and 
splices 552.51 
Cord 552.43(B), 552.44 
Definition 552.2 
Distribution panelboard 552.45, 
552.55(B) 

Grounded conductors 552.50 
Ground-fault circuit interrupters 
552.41(C) 

Grounding 552.55, 552.56 
Low-voltage systems 552.10, 
552.60(B) 

Luminaires 552.10(G), 552.54, 
552.59 

Nominal 120- or 120/240-volt 
systems 552.60(A), 

552-1V 
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Premises communications circuits 


Outdoor outlets, fixtures, equip¬ 
ment 552.41(E), 552.59 
Power supply 552.43 
Receptacle outlets required 
552.41, 552.53 
Switches 552.52 
Tests, factory 552.60 
Wiring methods 552.48 
Parts see specific type such as 
Live parts 

Part-winding motors 430.4 
Code letter markings 
430.7(B)(5) 

Conductors 430.22(D) 

Patching tables, motion picture 
530-IV 

Path, ground-fault current 

250.4(A)(5) 

Definition 250.2 

Path, grounding 250.28 
Patient bed location 517.18(B), 
517.19 

Definition 517.2 

Patient care areas 517.13, 517.80; 
see also Health care 
facilities 
Definition 517.2 

Patient care vicinity 
Definition 517.2 
Pediatric locations 517.18(C) 
Pendant conductors, lamps 

410.54 

Pendants 

Aircraft hangars 513.7(B), 
513.16(B)(1) 
Anesthetizing locations 

517.61(B)(3) Ex. 2, 
517.61(C)(1) Ex. 
Bathrooms 410.10(D) 

Clothes closets 410.16(B) 
Connector, cord 210.50(A) 
Dressing rooms, theater 520.71 
Flexible cord 314.25(C), Table 
400.4, 400.7(A)(1) 
Garages, commercial 
511.7(A)(2), 
511.16(B)(1) 

Hazardous (classified) locations 
501.130(A)(3), 
501.130(B)(3), 
502.130(A)(3), 
502.130(B)(4), 
503.130(C), 511.7(A)(2) 
Mobile homes 550.14(C) 
Performance area 
Definition 520.2 
Periodic duty 
Definition 100-1 

Permanent plaque or directory 

225.37, 230.2(E), 

705.10 

Permission, special 

Definition 100-1 
Permissive rules 90.5(B) 

Person, qualified 
Definition 100-1 
Phase converters Art. 455 
Capacitors 455.23 
Conductors 455.6 
Connection of single-phase 
loads 455.9 
Definition 455.2 


Different types of 455-11 
Disconnecting means 455.8, 
455.20 

Equipment grounding connec¬ 
tion 455.5 
Marking 455.4 
Overcurrent protection 455.7 
Power interruption 455.22 
Rotary 

Definition 455.2 
Start-up 455.21 
Static 

Definition 455.2 
Terminal housings 455.10 
Photovoltaic systems see Solar 
photovoltaic systems 
Physical damage see Protection, 
physical damage 
Pipe, gas see Gas pipe 
Pipe electrodes 250.30(A)(4), 
250.30(A)(8), 
250.52(A)(1), 
250.52(A)(5), 250.53, 
250.66(A), 250.68(C), 
250.70 
Pipe heating 

Cable outlet, mobile home 
550.13(E) 

Cord-and-plug connected assem¬ 
bly 422.50 

Pipeline; see also Fixed electric 
heating equipment 
pipelines and 
Definition 427.2 
Pipe organs see Organs, pi] 

Piping systems, bonding 250.1 
Places of assembly see Assembl 



mg 

5(D),’Art. 503, Art. 

Plate electrodes 250.52(A)(7), 
K0.53, 250.66(A) 
rufts see Elevators, 
dumbwaiters, escalators, 
moving walks, platform 
lifts, and stairway chair¬ 
lifts 

Plenums 300.22 
Definition 100-1 
Wiring in 300.22 
CATV coaxial cable 
820.110(A)(2), 
820.113(C), Table 
820.154(a), 820.179(A) 
Communications circuits 
Table 800.154(a), 
800.179(A), 800.182(A) 
Network-powered broadband 
communications cables 
830.113(C), Table 
830.154(a), 
830.179(A)(2), 
830.179(B)(3) 

Pliable raceways see Raceways, 
pliable 


Plugging boxes, motion picture 
studios 530.14, 
530.18(E) 

Definition 530.2 

Plugs, attachment see Attachment 
plugs 

Point of common coupling 692.2 
Definition 705.2 

Point of entrance 

Definition 800.2, 820.2, 830.2 

Polarization 

Appliances 422.40 
Connections 200.11 
Luminaires 410.50 
Plugs, receptacles, and connec¬ 
tors 200.10(B) 

Portable handlamps 410.82(A) 
Receptacle adapters 
406.10(B)(3) 

Screw-shell-type lampholders 
410.50 

Poles 

Climbing/Space, conductors 

ication? 

840.44(A)'' 

Inductors, m ec h a ni cfttipr ( ) tec - 
n 225.20 

Supporting luminaires 

410.30(B), 410.64 
Ivers see Covers 

also Swimming pools, 
'untains, and similar 
;tallations 
ions 680.2 
, receptacles for 
210.52(E)(3) 

Portable appliances see Appli¬ 
ances 

Portable equipment 

Definition 520.2 
Disconnecting means 517.17(C) 
Double insulation 250.114 Ex. 
Generators 250.34 
Grounding 250.114, 250.138 
Conductor size 250.122, 

Table 250.122 
High-voltage equipment 
250.188, 250.190 
Stage and studio 520.5(B), 
520-V, 530.6 
X-ray 660.4(B), 660.21 
Definition 660.2 

Portable handlamps 410.82 

Portable luminaires 410.82, 

513.10(E)(1), 515.7(C), 
516.4(D) 

Flexible cords for Table 400.4, 
400.7 

Handlamps 410.82 
Hazardous (classified) locations 
501.130(B)(4), 
502.130(B)(1), 
503.130(D), 511.4(B)(2) 
Live parts 410.5 
Motion picture studios, in 
530.16 

Show windows, showcases 
400.11 Ex. 2 

Portable power distribution unit 

520.62, 525.22 
Definition 520.2 



Portable switchboards, theater 
stages 520-IV 

Portable wiring, motion picture 
studios 530.12 

Positive-pressure ventilation 

500.7(D), 501.125(A), 
505.8(B), 506.8(B) 

Power, emergency systems see 
Emergency systems 

Power and control tray cable 
(Type TC) Art. 336 
Ampacity 336.80 
Bends 336.24 
Conductors 336.104 
Construction specifications 336- 
III 

Definition 336.2 
Installation 336-11 
Jacket 336.116 
Marking 336.120 
Uses not permitted 336.12 
Uses permitted 336.10 

Power factor 

Definition Annex D 

Power-limited circuits see 

Remote-control, signal¬ 
ing, and power-limited 
circuits 

Power-limited control circuits 

Amusement attractions 
522.10(A) 

Power-limited fire alarm circuit 
(PLFA) see Fire alarm 
systems. Power-limited 
circuits 

Power-limited tray cable (Type 
PLTC) 725.154, 
725.154(D)(1) 

Class I, Division 2 locations 
501.10(B)(1) 

Marking 310.120, 725.179(E) 

Power outlet see Outlets, power 

Power production sources see 
Interconnected electric 
power production 
sources 

Power source, alternate 517.34, 
551.33 

Definition 517.2 

Power supply 

Information technology equip¬ 
ment 645.5 
Mobile homes 550.10 
Supervisory control and data 
acquisition (SCADA) 
Annex G 

Power-supply assembly 

Electrified truck parking spaces 
626.25 

Recreational vehicles 551.44, 
551.46 

Definition 551.2 

Preassembled cable in nonmetal- 
lic conduit see Nonme- 
tallic underground con¬ 
duit with conductors 

Premises 

Definition 800.2, 820.2 

Premises communications circuits 

840.170(C) 

Definition 840.2 
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Premises-powered broadband 
communication sys¬ 
tems Art. 840 

Access to electrical equipment 
behind panels 840.21 
Cables outside and entering 
buildings 840-11 
Definitions 840.2 
Grounding methods 840.93, 
840-IV 

Installation within buildings 
840-V 

Listing 840.113, 840.154, 

840-VI 

Protection 840—III 
Underground circuits entering 
buildings 840.47 
Premises wiring (system) 
Definition 100-1 

Pressure (solderless) connectors 

250.8(3), 250.70 
Definition 100-1 

Prevention of fire spread see Fire 
spread 

Product safety standards Annex 
A 

Projector rooms, motion picture 

Art. 540 

Audio signal equipment 540.50, 
540-IV 

Definitions 540.2 

Projectors, nonprofessional 540- 

III 

Definition 540.2 
Listing 540.32 
Projection rooms 540.31 
Projectors, professional type 
540-11 

Conductor size 540.13 
Conductors on hot equipment 
540.14 

Definition 540.2 
Flexible cords 540.15 
Listing 540.20 

Location of equipment 540.11 
Marking 540.21 
Projector room 540.10 
Work space 540.12 

Proscenium 
Definition 520.2 

Protection 

Combustible material, appli¬ 
ances 422.17 

Communications systems see 

Communications circuits 
Corrosion 

Aluminum metal equipment 
300.6(B) 

Boxes, metal 312.10(A), 
314.40(A), 314.72(A) 
Cable trays 392.10(D), 
392.100(C) 

Conductors 310.10(G) 
Deicing, snow-melting equip¬ 
ment 426.26, 426.43 
Electrical metallic tubing 
358.10(B) 

Flat conductor cable 324.101 
General equipment 300.6 
Intermediate metal conduit 
342.10(B) and (D) 
Metal-clad cable 330.116 


Metal equipment 300.6(A) 
and (B), 312.10(A) 
Mineral-insulated metal- 
sheathed cable 332.12 
Rigid metal conduit 

344.10(B) and (D) 
Strut-type channel raceways 
384.100(B) 

Underfloor raceways 390.3(B) 
Ground fault see Ground-fault 
protection 

Ground fault circuit interrupter 
see Ground-fault circuit 
interrupters 

Hazardous (classified) locations 
500.7, 505.8, 506.8 
Liquids, motors 430.11 
Live parts 110.27, 445.14, 
450.8(C) 

Luminaires and lamps, conduc¬ 
tors and insulation for 
410.56 

Motor overload 430.55, 

430.225(B), 430—III 
Motor overtemperature 430.126 
Overcurrent see Overcurrent 
protection 

Overload see Overload 
Physical damage 

Agricultural buildings, wiring 
in 547.5(E) 

Armored cable 320.12 
320.15 

Audio signal processing, am¬ 
plification, and repro¬ 
duction 
640.45 
Busways 
Cabinets 
metdl 
312.5 

, 300.4. 


ions systems 
1 ( 6 ) 
circuits 

NetwPrk-powered broad¬ 
band communications 
cable 830.3(E), 
830.44(I)(4), 830.47(C), 
830.100(A)(6) 

Optical fiber cables 
770.100(A)(5) 

Radio and television re¬ 
ceiving station 
810.21(D) 

Cords, flexible 400.8(7), 
400.14, 640.45 

Critical operations power sys¬ 
tems 708.10(C)(1) 

Electrical metallic tubing 
358.12(1) 

Electrical nonmetallic tubing 
362.12(9) 

Electric signs 600.33(C), 
600.41(D) 

Emergency system 
517.30(C)(3) 


Flat cable assemblies 
322.10(3) 

Flexible metal conduit 
348.12(7) 

Information technology 
equipment cables 
645.5(D) 

Lamps, electric discharge 
lighting 410.145 
Lighting track 410.151(C)(1) 
Liquidtight flexible metal 
conduit 350.12(1) 
Liquidtight flexible nonmetal¬ 
lic conduit 356.12(1) 
Luminaires 410.10(E), 
501.130(A)(2), 
501.130(B)(2), 
502.130(A)(2), 
502.130(B)(3) 
Metal-clad cable 300j 
330.12 

Mineral-insulated l 1- 
sheathed 
332.10(10) 

Multiouilefc assembly 




Overcurrent 1 

<C), 240.30(A) 
Caceway3*300.5(D)(4), 
300.50(B) 

Recreational vehicle outdoor 
or under-chassis wiring 
551.47(N) 

Recreational vehicle park 
underground branch 
circuits and feeders 
551.80(B) 

Reinforcing thermosetting 
resin conduit 355.12(C) 
Remote-control circuits 
725.31(B) 

Resistors and reactors 
470.18(A) 

Rigid polyvinyl chloride con¬ 
duit 352.12(C) 
Service-entrance cable 
338.12(A)(1) 

Service-entrance conductors 
230.50 

Service-lateral conductors 
230.32 

Space-heating systems 
424.12(A) 

Surface raceways 386.12(1), 
388.12(2) 

Switchboards, theater 
520.53(L) 

Transformers 450.8(A) 

UF cable 340.12(10) 
Underground installations 
230.32, 230.50(A), 
300.5(D) and (J) 
Wireways 376.12(1), 
378.12(1) 


Thermal protection see Ther¬ 
mally protected (thermal 
protection) 

Protective devices see Arc-fault 
circuit interrupters; Cir¬ 
cuit breakers; Fuses; 
Ground-fault circuit in¬ 
terrupters; Overcurrent 
protection 

Protective equipment see Guard¬ 
ing, guards 

Protector, communications sys¬ 
tems see Communica¬ 
tions circuits 

Public address systems Art. 640 

Public assembly places Art. 518 
Emergency lighting system Art. 
700 

Pull boxes; see also Boxes; Junc¬ 
tion boxes 
Accessibility 314.29 
Construction specifications 
314.72, 314-III 
Gutters, auxiliary, used as 
366.58(B) 

Multioutlet assemblies used as 
380.23(B) 

Nonmetallic wireways used as 
378.23(B) 

Over 600 volts 314-IV 
Sizes 

4 AWG and larger conductors 
314.28(A) 

6 AWG and smaller conduc¬ 
tors 314.16(C)(1) 

Over 600 volts 314.71 

Pumps; see also Fire pumps 
Grounding, water pumps 

250.112(L), 250.112(M) 

Pool 

Double insulated 680.21(B), 
680.31 

Storable pools 680.31 

Purged and pressurized 500.7(D) 
Definition 500.2 


-Q- 

Qualified person see Person, 
qualified 


-R- 

Raceways 

Bonding 250-V, 501.30(A), 

502.30(A), 503.30(A), 
505.25(A) 

Busways see Busways 

Cable trays, supported by 
392.18(G) 

CATV coaxial cable 820.110, 
820.133, 820.154 

Cellular concrete floor see Cel¬ 
lular concrete floor race¬ 
ways 

Cellular metal floor see Cellular 
metal floor raceways 

Communications circuits 

800.110, 800.133(A)(1), 
800.154, 800.182 
Definition 800.2 
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Recreational vehicle parks 


Conductors in service 230.7 
Continuity 300.10, 300.12 
Cords, flexible, installed in 
400.14 

Definition 100-1 
Drainage 225.22, 230.53 
Electrical metallic tubing (Type 
EMT) see Electrical 
metallic tubing (Type 
EMT) 

Electrical nonmetallic tubing 

(Type ENT) see Electri¬ 
cal nonmetallic tubing 
(Type ENT) 

Emergency circuits, independent 
700.10(B) 

Equipment grounding conductor 
installation 250.120(A) 
Expansion joints 250.98, 

300.4(H), 300.7(B), 
352.44, 355.44 

Exposed to different tempera¬ 
tures 300.7 

Fixed outdoor electric deicing 
and snow-melting 
equipment 426.22(B) 
Flexible metal conduit (Type 
FMC) see Flexible 
metal conduit (Type 
FMC) 

Flexible metallic tubing (Type 
FMT) see Flexible me¬ 
tallic tubing (Type 
FMT) 

Grounding 250.132, 250-IV 
Short sections 250.86 Ex. 2, 
250.132 

Induced currents 300.20 
Installed in grooves 300.4(F) 
Insulating bushings 300.4(G), 
300.16(B) 

Intermediate metal conduit 
(Type IMC) see Ini 
mediate metal com 
(Type IMC) 

Intrinsically safe systems 
504.50(A) 

Liquidtight flexible metal con¬ 
duit (Type LFMC) see 
Liquidtight flexible 
metal conduit (Type 
LFMC) 

Liquidtight flexible nonmetallic 
conduit (Type LFNC) 
see Liquidtight flexible 
nonmetallic conduit 
(Type LFNC) 
Luminaires (fixtures) 

Poles used as raceway 
410.30(B), 410.64 
Supported by raceway fittings 
410.36(E) 

Manufactured wiring systems 
604.6(A)(5) 

Network-powered broadband 
communications cables 
830.110, 830.113 
Number of conductors 300.17; 
see also Conductor fill 


Optical fiber cable 770.3, 

770.12, 770.26, 

770.110, 770.154, 
770.182, 840.110 
Definition 770.2 
Pliable 362.2 

Premises-powered broadband 

communications systems 
840.110 

Rigid metal conduit (Type 

RMC) see Rigid metal 
conduit (Type RMC) 
Rigid polyvinyl conduit (Type 
PVC) see Rigid polyvi¬ 
nyl chloride conduit 
(Type PVC) 

Seal 225.27, 230.8, 300.7(A), 
300.50(F) 

Secured 300.11(A) 

Service see Service raceways 
Signaling Class I circuits 
725.48, 725.51 

Strut-type channel see Strut-type 
channel raceway 
Support for nonelectrical equip¬ 
ment 300.11(B) 

Supporting conductors, vertical 
300.19 

Support of 392.18(G) 

Surface metal see Surface metal 
raceways 

Surface nonmetallic seeA 
nonmetallic raq 
Underfloor see Underflow 


Calculation of load 220.55, 
Table 220.55 
Conductors 210.19 
Maximum load 220.18 
Feeders, calculation of load 
220.40, 220.82(B)(3) 
Grounding 250.140 
Hoods, cord-and-plug connected 
422.16(B)(4) 

Loads, demand factors and 
Table 220.55 
Mobile homes 550.15(E), 

550.16(A), 550.16(B)(3) 
Receptacles 250.140 Ex. 

Rated load current 440.4(A) 
Definition 440.2 

Rated power 
Definition 694.2 

Reactors see Resistors and reac¬ 
tors 


Readily accessib] 


e also Ac- 




; and radi¬ 
oing sets see 
: space- 
Hipment 

Revision equipment 

810; see also Com- 
hnity antenna televi¬ 
sion and radio distribu¬ 
tion (CATV) systems 
Kateur transmitting and re¬ 
ceiving stations 810—III 
Community television antenna 
810.4 

Interior installation — transmit¬ 
ting stations 810-IV 
Noise suppressors 810.5 
Receiving equipment — antenna 
systems 810-11 

Radiographic equipment see 
X-ray equipment 

Railway conductors, power and 
light 110.19 

Rainproof 

Definition 100-1 

Raintight 

Definition 100-1 

Ranges 422.16(B)(3), 422.33(B); 

see also Cooking unit, 
counter-mounted; Ov¬ 
ens, wall-mounted 
Branch circuits 210.19(A)(3) 


conduits 

:, 358.28 

Re-bar electrodes 250^^gx., 

250.52(A)(3r^ 
fceptaclegk cord connect! 

d attachment plugs 

(caps) Art. 406 
ffhetizing locations 
517.64(F) 
h Circuits 210.52 
ons 550.10(C), 
551.46(C), 552.44(C) 
r al branch 517.33(A) 
Definition 100-1 
Disconnecting means 422.33, 
440.63 

Electric vehicle charging equip¬ 
ment 511.10(B) 
Electrified truck parking space 
supply equipment 
626.24(B), 626.25(B), 
626.31(C) 

Faceplates 406.5, 406.6, 
406.9(E) 

GFCI protection see Ground- 

fault circuit interrupters 
Grounding type 250.130(C), 
250.146, 406.4(A), 
406.10, 406.11, 517.13, 
517.19(G) 

Hazardous (classified) locations 
501.145, 502.145, 
503.145 

Health care facilities 517.13, 
517.18, 517.19, 
517.60(C)(2), 
517.61(A)(5), 
517.61(B)(5), 517.61(C) 
Insulated grounded terminals 
250.146(D), 517.16 
Less than 50 volts 720.6, 720.7 
Manufactured wiring systems 
604.6(C) 

Marinas and boatyards 555.19 
Maximum cord-and-plug- 
connected load to 
210.21(B)(2), Table 
210.21(B)(2), 210.23 
Minimum ratings 406.3(B) 


Mobile homes 550.13 
Motors 430.109(F) 

Mounting 406.5, 406.9(E) 
Nongrounding-type, replacement 
250.130(C), 406.4(D)(2) 
Noninterchangeable 406.4(F), 
406.8 

Nonmetallic extensions 382.42 
Outdoor see Outdoor receptacles 
Outlets 210.50 
Definition 100-1 
Dwellings, where required 
210.52 

Loads 220.14 

Patient bed location 517.18(B), 
517.19(B) 

Ratings for various size circuits 
210.21(B)(3), Table 
210.21(B)(3) 

Recreational vehicles 551.52 
Replacement 406.4(D) 

Selected, health care facilities 
517.33(A) 

Definition 517.2 
Sensitive electronic equipment 
647.7 

Showcases, wall cases 
410.59(B) 

Show windows, in 210.62 
Stages and sets 530.21 
Swimming pools 680.22(A), 
680.32, 680.34, 
680.43(A), 680.62(E) 
Tamper-resistant 406.12 
Child care facilities 406.14 
Dwelling units 406.12 
Guest rooms and suites 
406.13 

Replacements 406.4(D)(5) 
Temporary installations 

590.4(D), 590.6(A) 
Terminals, identification 
200.10(B) 

Theaters 520.45 
Voltages between adjacent de¬ 
vices 406.5(G) 

Weather-resistant 406.4(D)(6), 
406.9(A) 

Wind electric systems, small 
694.7(E) 

Recessed luminaires 410-X, 
410-XI 

Clearances, installation 410.116 
Construction 410-XI 
As raceways 410.64 
Temperatures 410.115 
Wiring 410.117 
Recording systems Art. 640 
Recreational areas, and dining 
essential electrical sys¬ 
tems, health care facil¬ 
ity 517.42(E) 

Recreational vehicle parks 

551-VI 

Calculated load 551.73 

Demand factors Table 551.73 
Definitions 551.2 
Disconnecting means 551.77(B) 
Distribution system 551.72 
Grounding 551.75, 551.76 
Outdoor equipment, protection 
of 551.78 
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Overcurrent protection 551.74 
Overhead conductors, clearance 
for 551.79 

Receptacles 551.71, 551.81 
Underground wiring 551.80 

Recreational vehicles (camping 
trailers, motor homes, 
park trailers, travel 
trailers, truck camp¬ 
ers) Art. 551 

Alternate power source restric¬ 
tions 551.33 

Appliance accessibility and fas¬ 
tening 551.57 

Attachment plugs 551.20(F), 
551.46(C) 

Bonding 551.55(B), 551.56 
Branch circuits 551.42, 551.43 
Calculation for loads 551.42(D) 
Combination electrical systems 
551.20, 551-11 
Conductors 551.48 
Connections 

Grounding 551.54, 551.55 
Power supply 551.46 
Splices and terminals 551.50 
Definitions 551.2 
Distribution panelboard 551.45 
Expandable units, connection 
551.47(P) 

Generator installations 551.30 
Ground-fault circuit interrupter 
551.40(C), 551.41(C) 
Grounding 551.54, 551.55 
Grounding conductor splices 
551.50 

Identification of grounded con¬ 
ductor 551.49 
Luminaires 551.53 
Multiple supply source 551.31 
Other power sources 551.32 
Outlet boxes 551.48 
Overcurrent protection 
Branch circuit 551.43 
Distribution panelboard 

551.45 

Power sources, other 551—III 
Power-supply assembly 551.44, 

551.46 

Definition 551.2 
Receptacles 551.20(F), 551.41, 
551.52 

Supply source 120-volt or 

120/240-volt system 
551-IV 
Switches 551.51 
System voltages 551-IV 
Tags, labels, and marking 
551.46(D) 

Tests, factory 551-V 
Wiring methods 551.47 

Recreational vehicle site 
Definition 551.2 
Supply equipment 551.71, 
551.77 

Definition 551.2 
Grounding 551.76 

Recreational vehicle stand 

Definition 551.2 

Refrigeration compressor motors 
and controls Art. 440 


Refrigeration equipment see Air- 
conditioning and refrig¬ 
erating equipment 
Refrigerators, grounding 250.114 
Regulator bypass switch 
Definition 100-11 
Reinforced thermosetting resin 
conduit (Type RTRC) 
Art. 355 

Bends 355.24, 355.26 
Bushings 355.46 
Construction 355—III 
Definition 355.2 
Grounding 355.60 
Installation 355-11 
Joints and expansion fittings 
355.44, 355.48 
Listing 355.6 
Marking 355.120 
Number of conductors 355.22 
Securing and supporting 355.30, 
Table 355.30 
Size 355.20 

Splices and taps 355.56 
Trimming 355.28 
Uses not permitted 355.12 
Uses permitted 355.10 
Relays 

Automatic load control 
Definition 700.2 
Hazardous (classified) locations 
501.105, 502.150 
Overload, motor overcurrent 
protection 430.40 
Reverse-current, transformers 
450.6(B) 

Remote control 

Circuits see Remote-contrbk 1 
signaling, and pou 
limited circuits 

Disconnect control, information 
£chnolog» equipment 

ofA r 

ppDefinition 645.2 
Of induction andlhelectfl^heat- 
ing equipment 665.7 
Switches 517.63| 
Remote-control, signaling, and 
power-limited circuits 
TW2(I), Art. 725 
Abandoned cables 725.25 
Definition 725.2 
Access to electrical equipment 
725.21 

Class 1 circuits 725-11 

Circuits extending beyond 
one building 725.52 
Conductors 725.49 

Different circuits 725.48 
Extending beyond one 
building 725.52 
Insulation 725.49(B) 
Number in raceways and 
cable trays 725.51 
Overcurrent protection 
725.41(A)(2), 725.43 
Size and use 725.49(A) 
Locations 725.3(D), 725.45 
Overcurrent protection 

725.41(A)(2), 725.43, 
725.45 

Physical protection 725.31(B) 


Power limitations 725.41 
Wiring methods 725.46 
Class 2 and Class 3 circuits 
725—III 

Applications of PLTC cables 
725.154 

Circuits extending beyond 
one building 725.141 
Conductors 725.130, 725.143 
Installation 725.133 through 
725.141 

Interconnection of power sup¬ 
plies 725.121(B) 

Listing 725-IV 
Locations 725.3(D) 

Marking 725.124, 725.179 
Overcurrent protection Chap. 
9, Tables 11(A) and 
11(B) 

Power sources 725.121(A). 
Chap. 9, Table^ptA) 
and 11(B) 

Separation 72(y I3f$| 

Wiring meth 
Load i 

~feide 725.127" 
Classifications, definitions 723 


r l 725- 


Bss 3 725 III 


T725.30 

cution of work 

30-vr 

otection 240.4(G), 
725T1 (A)(2), 725.43, 
725.45, Chap. 9, Tables 
11(A) and 11(B) 
tfety-control equipment 725.31 
JeBtote machine room and con¬ 
trol room 
Definition 620.2 
Remote machinery space and 
control space 
Definition 620.2 
Requirements for electrical in¬ 
stallations Art. 110 
Residential occupancies see 
Dwellings 

Resistance 

AC resistance and reactance, 

cables Chap. 9, Table 9 
Conductor properties Chap. 9, 
Table 8 

Dimmers 520.25(B), 
520.53(F)(1) 

Heating elements see Fixed 

electric heating equip¬ 
ment for pipelines and 
vessels 
Welders 630-III 

Resistors and reactors Art. 470 
Combustible material, on, near 
470.3, 470.18(C) 
Conductor insulation 470.4 
Hazardous (classified) Class II 
locations 502.120 
Location 470.2 
Over 600 volts 470-11 
General 470.18 
Grounding 470.19 
Oil-filled reactors 470.20 


Space separation 470.3 

Restaurants, service or feeder 
load 220.88 

Rheostats, construction specifica¬ 
tions 430.82(C) 

Ride device 

Definition 522.2 

Rigid metal conduit (Type RMC) 

Art. 344 

Bends 344.24, 344.26 
Bushings 344.46 
Cinder fill 344.10(C) 
Construction specifications 344- 
III 

Couplings and connectors 
344.42 

Definition 344.2 
Dissimilar metals 344.14 
Expansion fittings 300.7(B) 
Ferrous 300.6(A) 

Grounding 344.60 
Installation 344—11 
Listing 344.6 
Marking 344.120 
Maximum number of conductors 
and fixture wires in 
Tables C8 and C8(A) 
Number of conductors 344.22, 
Chap. 9, Table 1 
Reaming and threading 344.28 
Size 344.20 

Splices and taps 344.56 
Standard lengths 344.130 
Supporting and securing 

314.23(E) and (F), 

344.30 

Uses permitted 344.10 
Wet locations 344.10(D) 

Rigid polyvinyl chloride conduit 
(Type PVC) Art. 352 
Bends 352.24, 352.26 
Bushings 352.46 
Construction specifications 352- 
III 

Definition 352.2 
Expansion fittings 300.7(B), 
352.44, Table 352.44 
Exposed 352.10(F) 

Grounding 352.60 
Installation 352-11 
Joints 352.48 
Listing 352.6 
Marking 352.120 
Maximum number of conductors 
and fixture wires in 
Tables C9 through 
Cl 2(A) 

Number of conductors 352.22 
Schedule 80 300.5(D)(4), 

300.50(B), 551.80(B) 
Securing and supporting 352.30 
Size 352.20 

Splices and taps 352.56 
Supporting and securing Table 

352.30 

Trimming ends 352.28 
Uses not permitted 352.12 
Uses permitted 352.10 

Road show connection panel 

520.50 
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Rod electrodes 250.52(A)(5), 
250.53, 250.66(A), 

250.70 

Roof decking, cables and race¬ 
ways installed under 

300.4(E) 

Roofs, conduits exposed to sun¬ 
light on 310.15(B)(3)(c) 
Room air conditioners see Air 
conditioners, room 
Rooms, motion picture projector 
see Projector rooms, 
motion picture 
Rotary phase converter 
Definition 455.2 
Rules, permissive 90.5(B) 
Running threads 342.42(B), 
344.42(B) 


-s- 

Safety, examination of equipment 
for 90.7 

Screws, tightening torque tables 

Annex I 
Screw shells 

Electric-discharge luminaires 
and LED luminaires 
410.62(C)(2) 
Identification 

Polarity 200.10, 410.50 
Terminals 200.10 
Lampholders 410.122 
Sealable equipment 
Definition 100-1 

Sealing; see also Hazardous (clas¬ 
sified) locations 
Busways, vapor seals for 
368.234(A) 

Conduit systems 501.15, 502.15, 
505.16, 506.16 
Intrinsically safe systems 

504.70 

Raceway seal, undergroi 
service 230.8 
Temperature changes 
300.7(A) 

Hermetically 500.7(J) 

Definition 500.2 
Raceways 225.27, 230.8, 

300.7(A), 300.50(F) 

Secondary ties, transformers 

450.6 

Sensitive electronic equipment 

Art. 647 
Grounding 647.6 
Lighting equipment 647.8 
Receptacles 647.7 
Single-phase supply system 
647.3 

Three-phase supply system 
647.5 

Wiring methods 647.4 
Separable power supply cable 
assembly 626.25, 

626.32 

Definition 626.2 
Separately derived systems 

250.21(A), 250.28(D). 
250.30, 250.35(A) 
Definition 100-1 


Feeders or branch circuits, 

buildings/structures sup¬ 
plied by 

Grounded systems 
250.32(B)(2) 
Ungrounded systems 
250.32(C)(2) 

Grounding electrode conductors 
250.169 

Metal piping and frames, bond¬ 
ing of 250.104(D) 
Portable generators 702.11(A) 
Surge protective devices, con¬ 
nection of 285.24(C) 
Service cables; see also Service- 
entrance cable (Types 
SE and USE) 

Definition 100-1 

Service conductors see Conduc¬ 
tors, service 
Service drops 

Connections, service head 
230.54 

Definition 100-1 

Service-entrance cable (Types SE 
and USE) Art. 338 
Bends 338.24 
Branch circuits or feeders 
338.10(B) 

Construction 338—III 
Definition 338.2 
Grounding frames of r; 
clothes dryers 
Ex. 

Installation 338-11 
Installation methods, for branch 
[feeders 


1 338.12 
18.10 

rluctors 230- 
0(A) 

Conduct^piets, number of 
).40 

£d outside of building 
' 230.6 

ffnitions 100-1 
Disconnecting means 230-VI 
Drip loops 230.52 
Insulation 230.41 
Mounting supports 230.51 
Overcurrent protection 230.90, 
230.91, 230.92, 230.208 
Over 600 volts 230-VIII 
Physical damage 230.50 
Service head 230.54 
Size 230.42 
Splices 230.46 
Underground 300.5(D)(3) 
Definition Art.100-1 
Wiring methods 230.43 
Service-entrance equipment see 
Service equipment 
Service equipment 230-V 
Definition 100-1 
Disconnecting means 230-VI 
Connections, supply side 
230.82 



Connections to terminals 
230.81 

Electrically operated 230.94 
Ex. 6 

Grounded conductor, discon¬ 
nection of 230.75 
Ground-fault, protection at 
230.95, 705.32 
Grounding electrode conduc¬ 
tor installation 
250.64(D) 

Indicating 230.77 
Location 230.70(A) 

Marking 230.70(B) 

Maximum number of discon¬ 
nects, six switch rule 

230.71 

Multiple occupancy buildings 
230.72(C) 

Over 600 volt^230.205, 
230.20 

Rating 2jfl.79, 230.80 
Simultaneous openings 

x' r SKvilch niW fjftO 71 
Suitable for use! 
aiding 230.62 
ndustriakcontrol panels'! 

108 
230.66 

e homes/manufactured 
homes 550.32 

lotSI (Xmtrol centers as 430.95 
vcrcLirfeni protection 230-VII 
ssibility 240.24(A) 
cation 230.91, 230.92 
Over 600 volts 230.208 
Relative location 230.94 
Specific circuits 230.93 
Ungrounded conductors 
230.90(A) 

Over 600 volts, metal enclosed 
and metal clad equip¬ 
ment 490.47 
Panelboards 408 III 
Service lateral 
Definition 100-1 
Service loads, calculations Art. 

220, Annex D 
Service point 
Definition 100-1 
Service raceways 

Conductors, others permitted in 
230.7 

Drainage 230.53 
Service head 230.54 
Underground 230-III 
Services Art. 230 
Definition 100-1 
Emergency systems separate 
service 700.12(D) 

Farm 220-V 

Ground-fault protection 230.95 
Insulation 230.22 
Masts, service 230.6(5), 230.28 
Number 230.2 

Disconnecting means 230.71, 
250.64(D) 

Service-entrance conductor 
sets 230.40 

Overhead supply 230-11 
Over 600 volts 230-VIII 



Supply to one building not 

through another 230.3 
Two or more buildings 250.32 
Underground 230 III 
Service stations, gasoline see Mo¬ 
tor fuel dispensing fa¬ 
cilities 

Setting (of circuit breaker) 
Definition 100-1 
Shielding see Guarding, guards 
Short-circuit current rating 
110.10 

Definition 100-1 
Industrial machinery 670.5 
Surge protective devices 285.6 
Short-time duty 
Definition 100-1 
Showcases, wall cases 410.59 
Shower spaces see Bathtubs 
Show windows 
Definition 100-1 
Flexible cords 400.11 
Luminaires 410.14 

Branch circuits 220.14(G) 
Feeders 220.40, 220.43(A) 
Receptacles 210.62, 314.27(B) 
Ex. 

Sidelights, borders, and prosce¬ 
nium 520.44 

Signaling circuits; see also Fire 
alarm systems; Remote- 
control, signaling, and 
power-limited circuits 
Critical operations power sys¬ 
tems 708.14 
Definition 100-1 
Health care facilities 517-VI 
Installation requirements Art. 
725, Art. 760 

Signals for heated appliances 

422.42 

Sign body 

Definition 600.2 

Signs 

Discharge, lighting, electric 

4io-xn, 4io-xm 

Electric Art. 600 

Ballasts, transformers, and 
electronic power sup¬ 
plies 600.21 through 
600.24 

Bonding 600.7(B), 600.33(D) 
Branch circuits 220.14(F), 
600.5 

Definitions 100-1, 600.2 
Disconnects 600.6 
Enclosures 600.8 
Field-installed secondary wir¬ 
ing 600.12 

Field-installed skeleton tubing 
600-11 

Applicability, neon second¬ 
ary circuit conductors 
600.30, 600.42(A) 
Grounding 250.112(G), 
600.7(A), 600.24(B), 
600.33(D) 

Listing 600.3 

Location 600.9, 600.10(D), 
600.21, 600.33(A)(1), 
600.42(G), 600.42(H) 
Markings 600.4 
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Portable or mobile 600.10 
Section signs 600.4(E) 
Definition 600.2 
Exit, health care facilities 

517.32(B), 517.42(B) 
Mandated standby 701.7(A) 
Outline lighting Art. 600 
Standby 702.7 
Warning see Warning signs 

Site-isolating devices 547.9(A) 
Definition 547.2 

Skeleton tubing 600-11 
Definition 600.2 

Slices and taps 

Service-entrance conductors 
230.46 

Small wind electric systems see 

Wind electric systems, 
small 

Smoke ventilator control, stage 

520.49 

Snap switches; see also AC-DC 
general-use snap 
switches 

Accessibility, grouping 404.8(B) 
Definition 100-1 
Electric-discharge lighting 
410.138 

Grounding 404.9(B) 

Motors 430.83(C), 

430.109(A)(3), 

430.109(C)(1), 

430.109(G) 

Mounting 404.10 
Multipole 404.8(C) 

Ratings 404.14 

Snow melting see Fixed outdoor 
electric deicing and 
snow-melting equipment 

Solar cell 

Definition 690.2 

Solar photovoltaic systems Art. 
690 

AC modules 690.6, 690.52 
Definition 690.2 
Building integrated photovolta- 
ics 

Definition 690.2 
Circuit requirements 690-11 
Circuit sizing and current 690.8 
Connection to other sources 
690-VII 

Definitions 100-1, 690.2 
Disconnecting means 690.4(G), 
690.6(C), 690-ID, 
690.35(A), 690.56, 
690.71(E), 690.71(F) 
Ground-fault protection 690.5, 
690.6(D), 690.35(C) 
Grounding 690-V 
Installation 690.4 
Marking 690.14(C)(2), 

690.31(E)(3), 690-VI 
Maximum voltage 690.7 
Overcurrent protection 690.4(G), 
690.6(E), 690.9, 
690.35(B) 

Over 600 volts 690-IX 
Stand-alone systems 

690.8(A)(4), 690.10, 
690.56(A) 

Definition 690.2 


Storage batteries 690-VIII 
Wiring methods 690-IV 
Solderless (pressure) connectors 
250.8(3), 250.70 
Definition 100-1 
Solidly grounded 
Definition 100-1 

Sound recording equipment Art. 
640 

Audio signal processing, ampli¬ 
fication, and reproduc¬ 
tion equipment 540.50 
Theaters 520.4 

Space 

Cabinets and cutout boxes 
312.7, 312.9, 312.11 
Climbing see Climbing space, 

line conductors on poles 
Lightning rods, conductor enclo¬ 
sures, equipment 
250.60, 250.106 IN No. 
2 

Outside branch circuits and 
feeders 225.14 
Over 600 volts, separation 
110.33, 110.34 
Working see Working space 
Space heating, fixed see Fixed 
electric space-heating 
equipment 

Spacing between bare metal 
parts 408.56, Table 

408.56 

Spas and hot tubs 680-IV 
Definitions 680.2 
Indoor installations 
Outdoor installai 
Packaged i 
Definite 
Protection 6l 
Special permission 





Jennas : 

"56.56 
: boxes 312.8 
Cable trays, in '392.56 
Cellular alncrete floor raceways 
372.12 

Cellular metal floor raceways 
374.6 

Concealed knob-and-tube 394.56 
Conduit bodies 300.15, 
314.16(C)(2) 

Construction sites 590.4(G) 
Deicing and snow-melting 
426.24(B) 

Electrical metallic tubing 358.56 
Electrical nonmetallic tubing 

362.56 

Equipment grounding conduc¬ 
tors 250.122(G) 

Flat cable assemblies 322.56 
Flat conductor cable 324.56 
Flexible cords and cables 400.9, 
400.36 

Flexible metal conduit 348.56 
Flexible metallic tubing 360.56 
General provisions 110.14 


Hazardous (classified) Class I 
locations 501.15(C)(4) 
High density polyethylene con¬ 
duit 353.56 

Intermediate metal conduit 

342.56 

Liquidtight flexible nonmetallic 
conduit 356.56 
Luminaires 410.56(C), 

410.56(D) 

Messenger-supported wiring 

396.56 

Nonmetallic extensions 382.56 
Nonmetallic underground con¬ 
duit with conductors 

354.56 

Reinforced thermosetting resin 
conduit 355.56 
Rigid metal conduit 344.56 
Rigid polyvinyl chloride conduit 

352.56 

Space-heating cabl ed 4 1*4.40. 

424.41(5 
Strut-type cha, 

38^56 

Surface j|^^ways 386.56, 

8.56 

Ui^fflnoor raceways 390.7 
UmB^ound^p^5(E), 

300.50(C) 

Wireways 376.56, 378.56 

ray application^ dipping, and 
coating processes Alt. 

Tficatiop bf locations 516.3 
finitions 516.2 

Equipment 516.4, 516.7, 516.10 
ounding 516.16 
ing 516.4, 516.7 
ay washers, high-pressure 
422.49 

Spread of fire or products of 
combustion see Fire 
spread 

Stage effect (special effect) 
Definition 530.2 
Stage equipment, theaters 
Fixed 520—III 
Portable 520.5(B), 520-V 
Definition 520.2 
Stage property 
Definition 530.2 

Stages, motion picture and televi¬ 
sion 530-11 
Definition 530.2 
Stage set 

Definition 530.2 

Stairway chairlifts Art. 620; see 
also Elevators, dumb¬ 
waiters, escalators, mov¬ 
ing walks, platform lifts, 
and stairway chairlifts 
Stand-alone systems 
Definition 690.2, 692.2 
Fuel cell systems 692.10 
Small wind electric systems 
694.12(A)(3), 694.18, 
694.54 

Solar photovoltaic systems 
690.8(A)(4), 690.10, 
690.56(A) 


Standby systems see Emergency 
systems; Legally re¬ 
quired standby systems; 
Optional standby sys¬ 
tems 

Static phase converter 

Definition 455.2 

Steel, structural, bonding 250.104 
Steel siding 250.116 IN 
Storage batteries Art. 480 
Aircraft hangars 513.10(B) 
Charging equipment 503.160 
Critical operations power sys¬ 
tems 708.20(E) 
Definition 480.2 
Disconnecting means 480.5 
Electric vehicle nonvented 
625.29(C) 

Definition 625.2 
Emergency systems 700.12(A), 
700.12(B)(4) 

Garages 511.10 
Installation 690.71 
Insulation 480.6, 480.7 
Legally required standby sys¬ 
tems 701.12(A), 
701.12(B)(4) 

Locations 480.9 

Overcurrent protection for prime 
movers 480.4 
Racks and trays 480.8 
Small wind electric systems 
694-VIII 

Solar photovoltaic systems 690- 
VIII 

Sound recording equipment 
640.9(B) 

Vents 480.10 

Wiring and equipment supplied 
from 480.3 

Strike termination devices; see 

also Lightning (surge) 
arresters 

As a ground 250.60 
Structural metal see Metal frame 
of building 

Structures 

Definition 100-1 

Strut-type channel raceway Art. 
384 

Construction specifications 384- 

III 

Definition 384.2 
Grounding 384.60 
Installation 384-11 
Listing requirements 384.6 
Marking 384.120 
Number of conductors 384.22 
Securing and supporting 384.30 
Size of conductors 384.21 
Splices and taps 384.56 
Uses not permitted 384.12 
Uses permitted 384.10 
Submersible equipment 680.51 
Substations 

Definition 225.2 
Motion picture and television 
studios 530-VI 
Over 600 volts 490—III 
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Supervision, engineering 

110.22(B), 110.71, 
210.19(B)(2), 215(B)(3). 
240.2, 240.86(A), 
240.92(C)(3), 
240.92(C)(2)(4), 
240.100(A), 
250.184(A)(2), 
310.10(H)(l)Ex. 2, 
310.15(A)(1), 

310.15(C), 310.60(B), 
310.60(D), 400.5(C), 
430.225(B)(1), 
501.140(A)(2), 505.17, 
645.25, B.310.15(B)(1) 
Supervisory control and data 
acquisition (SCADA) 
Annex G 

Support fittings fill, boxes 

314.16(B)(3) 

Supports see subheads Securing 

and supporting and Sup¬ 
port under entries for 
specific wiring and 
equipment 

Suppressors, radio noise 810.5 
Surface metal raceways Art. 386 
Combination raceways 386.70 
Construction specifications 386- 
III 

Definition 386.2 
Grounding 386.60 
Installation 386-11 
Listing requirements 386.6 
Number of conductors or cables 
386.22 

Securing and supporting 386.30 
Size of conductors 386.21 
Splices and taps 386.56 
Uses not permitted 386.12 
Uses permitted 386.10 
Surface nonmetallic raceways 
Art. 388 
Combination raceways 388.70 
Construction specifications 
III 

Definition 388.2 
Grounding 388.60 
Installation 388-11 
Listing requirements 388.6 
Marking 388.120 
Number of conductors or cables 
in 388.22 

Securing and supporting 388.30 
Size of conductors 388.21 
Splices and taps 388.56 
Uses not permitted 388.12 
Uses permitted 388.10 
Surfaces, exposed conductive 
Definition 517.2 
Surge arresters Alt. 280, see 

Lightning (surge) arrest¬ 
ers 

Surge protection see Lightning 
(surge) protection 
Surge-protective devices (SPDs) 
Art. 285, 501.35, 

502.35, 694.7(D) 
Conductor routing 285.12 
Connection 285—III 
Definition 100-1 
Installation 285-11 


Listing 285.5 
Location 285.11 
Number required 285.4 
Short circuit current rating 285.6 
Uses not permitted 285.3 
Swimming pools, fountains, and 
similar installations 
Art. 680 

Approval of equipment 680.4 
Bonding 680.26, 680.42(B), 
680.43(D), 680.53, 
680.57(E), 680.62(B), 
680.62(C), 680.74 
Ceiling fans 680.22(B), 
680.43(B) 

Cord-and-plug-connected equip¬ 
ment 680.7, 
680.21(A)(5), 
680.22(B)(5), 680.31, 
680.42(A)(2), 680.56 
Deck area heating 680.27(C) 
Definitions 680.2 
Fountains 680-V 

Drinking fountain 422.52 
Ground-fault circuit interrupters 
680.5 

Fountains 680.51(A) 
Hydromassage bathtubs 
680.71 

Junction boxes for 680.24 
Luminaires 680.22(B), 
680.23(A)(3), 6j 
Pool covers 680.27i 
Receptacles 680.5, 6! 
680.22(A)(4), 681 
680.43/Ak 680.44^ 
680.58 



Spas and hot tubs 680-IV 
Storable 680—III 
Definition 680.2 
Switches and switching devices 
680.22(C), 680.41 
Therapeutic pools and tubs 
680-VI 

Transformers 680.23(A)(2), 
680.24(B) 

Underwater audio equipment 
680.23 

Underwater luminaires 680.23, 
680.26(B)(4), 680.33, 
680.43(B)(2) 
Switchboards Art. 408 

Arc-flash hazard warning 110.16 
Clearances 110.26, 408.5, 

408.18 

Combustible material, location 
relative to 408.17 
Conductor insulation 408.19 
Construction specifications 


Damp 




.ions 408.16 


Wiring to 680W(B) 
Grounding 680.6, 680.7(B), 
1.23(B)(3), 

1.23(B)(4), 

580.23(F)(2), 680.24(D), 
680.24(F), 680.25(B), 
680.43(F), 680.54, 
680.55, 680.57(E), 
680.62(D) 

Heaters and heating equipment 
Deck area heating 680.27(C) 
Pool water heaters 680.9 
Hydromassage bathtubs 680-VI, 
680-VII 

Junction boxes and enclosures 
680.23(C)(2), 680.24 
Lighting 411.4(B), 680.22(B), 
680.23, 680.26(B)(4), 
680.33, 680.43(B), 
680.51, 680.62(F), 
680.72 

Overhead conductor clearances 
680.8 

Permanently installed 680-11 
Receptacles, location and pro¬ 
tection 680.22(A), 
680.32, 680.34, 
680.43(A), 680.62(E) 


ication 408.2 
ignitible mateffl 
'8.17 

frames and structures 
r 250.112(A) 

"nding instruments 408.22 
live parts 110.27 
on 110.26(D) 

stallafiftl, indoor and outdoor 
110.26 

Instruments, meters, and relays 
on 250.174 

Location 408.16, 408.17, 408.20 
Portable, theater stages 520-1V 
Stage 520-B, 520-IV 
Support, busbars, conductors 
408.3 

Working spaces about 110.26 
Switches Art. 404; see also Haz¬ 
ardous (classified) loca¬ 
tions; specific types of 
switches 

AC general-use snap switch 
404.14 

Accessibility and grouping 
404.8 

AC-DC general-use snap 

switches see AC-DC 
general-use snap 
switches 

Air-conditioning and refrigerat¬ 
ing equipment 440-11 
Appliances 422.34, 422.35 
Bypass isolation 700.5(B), 
701.5(B) 

Definition 100-1 
Circuit breakers used as 
240.83(D) 

Construction specifications 
404-11 

Definitions 100-1 
Devices over 600 volts 
In busways 368.239 
Definition 100-11 
Dimmer see Dimmers 
Disconnecting means 
Appliances 422—III 


Definition 100-11 
Motors, controller 430-IX 
Services 230-VI 
Emergency systems 700-V 
X-ray equipment 517.72, 
660-11 

Enclosures, installation in 404.3, 
404.12, 404.18, 

450.8(C) 

Essential electrical systems, 
transfer switches 
517.32(E), 517.41(B) 
General-use Art. 404 
Definition 100-1 
Identification 110.22 
Indicating 404.7, 422.35, 424.21 
Interrupter 

Definition 100-11 
Isolating 501.115(B)(2) 
Capacitors, over 600 volts 
460.24(B) 

Definition 100-1, 100-11 
Motors over 100 HP 
430.109(E) 

Services, over 600 volts 
225.51, 230.204 
Knife see Knife switches 
Limit, cranes and hoists 610.55 
Manually operable Art. 404 
Motor-circuit 
Definition 100-1 
Motor controllers 430-VII 
Panelboards 408.36(A), 408.39 
Regulator bypass 
Definition 100-11 
Remote-control 517.63(D) 
Service 230-VI 
Signs, outline lighting 600.6 
Snap see Snap switches 
Theater dressing rooms 520.73 
Transfer see Transfer switches 
Tunnels 110.55 

Unit, appliances 422.34, 422.35 
X-ray equipment 517.72, 660-11 
Switchgear, metal-enclosed 
110.34(F), 230.211, 
490—III 
Definition 100-1 


-T- 

Tables Chap. 9, Annex B, Annex 
C 

AC resistance and reactance 

cables Chap. 9, Table 9 
Ampacities 

Amusement attraction con¬ 
ductors Table 522.22 
Cable insulated, over 2000 
volts 

Three-conductor aluminum 
in isolated conduit in air 
Table 310.60(C)(76) 
Three-conductor aluminum 
in underground electri¬ 
cal ducts Table 
310.60(0(80) 
Three-conductor aluminum 
isolated in air Table 
310.60(C)(72) 
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Three-conductor copper 
cable in isolated conduit 
in air Table 
310.60(0(75) 
Three-conductor copper in 
underground electrical 
ducts Table 
310.60(0(79) 
Three-conductor copper 
isolated in air Table 
310.60(0(71) 

Triplexed or three single- 
conductor aluminum in 
isolated conduit in air 
Table 310.60(0(74) 
Triplexed or three single¬ 
conductor aluminum in 
underground electrical 
ducts Table 
310.60(0(77) 

Triplexed or three single¬ 
conductor copper in 
isolated conduit in air 
Table 310.60(0(73) 
Conductor, single insulated, 
isolated in air, over 
2000 volts 
Aluminum Table 
310.60(0(70) 

Copper Table 
310.60(0(69) 
Conductor, three single- 
insulated in under¬ 
ground electrical ducts, 
over 2000 volts Table 
310.60(0(78) 

Crane and hoist motor con¬ 
ductors Table 610.14(A) 
Fixture wire Table 402.5 
Flexible cord Table 400.5 
General conductors, 0 
through 2000 volts 
Aluminum, copper, or 
copper-clad aluminum, 
single-conductor in free 
air Tables 
310.15(B)(17), 
310.15(B)(19) 
Aluminum, copper, or 
copper-clad aluminum, 
two or three single- 
insulated conductors 
supported on messenger 
Table 310.15(B)(20) 
Aluminum, copper, or 
copper-clad aluminum 
in raceways or cables 
Types AC, NM, NMC 
SE, Tables 
310.15(B)(16), 
310.15(B)(18) 

Bare or covered conduc¬ 
tors 310.15(B)(21) 
Multiconductor cables, 
Types TC, MC, and MI 
in free air Table 
B.310.15(B)(2)(3) 
Three-conductor cable in 
raceway in free air 
Table B.310.15(B)(2)(1) 


Three insulated conductors 
in cable in underground 
electrical ducts Table 
B.310.15(B)(2)(6) 

Three single insulated con¬ 
ductors directly buried 
in earth, Types UF, USE 
Table 

B.310.15(B)(2)(10) 
Three single insulated con¬ 
ductors in nonmagnetic 
underground electrical 
ducts Table 
B.310.15(B)(2)(5) 

Three single insulated con¬ 
ductors in underground 
electrical ducts Table 
B.310.15(B)(2)(7) 

Three triplexed single in¬ 
sulated conductors di¬ 
rectly buried in earth 
(UF and USE cables) 
Table B.310.15(B)(2)(9) 
Two or three insulated 
conductors cabled 
within an overall cover¬ 
ing directly buried in 
earth Table 
B.310.15(B)(2)(8) 
Wound-rotor secondaries 
Table 430.23(C) 

Bare metal parts, spacings be¬ 
tween switchboard and 
panelboard Table 408.56 
Branch-circuit requir emen ts 
Table 21Q, 

Bulk storage pLafpr, elect] 
area classificatioi 
Table 515.3 

Cable markimSHll ka»rz5.1 

179 ( 1 ) 

, 800.TO(a) 
1830.154(b) 


. 392.22(A), 
lfA)(5), 

52(A)(6), 
392.22(B)(1) 

Wiring methods Table 
392.10(A) 

Calculation of feeder loads by 
occupancies Table 
220.42 
Coaxial cables 

Applications in buildings of 
Table 820.154(a) 

Uses and permitted substitu¬ 
tions Table 820.154(b) 
Communications circuits 
Applications in buildings of 
Table 800.154(a) 

Cable marking Table 800.179 
Cable substitution Table 
800.154(b) 

Conductors 

Application Tables 

310.104(A) through 
310.104(C), 402.3 





Clearances, conductors enter¬ 
ing bus enclosures 
408.5 

Clearances, services Table 
230.51(C) 

Conduit and tubing fill for 
Annex C Tables 

Deflection, minimum bending 
space in cabinets, cutout 
boxes Tables 312.6(A), 
312.6(B) 

Dimensions 

Compact aluminum build¬ 
ing wiring Chap. 9 
Compact copper and alu¬ 
minum building wiring 
Chap. 9, Table 5A 
Insulated conductors, and 
fixture wires Chap. 9, 
Table 5 

Rubber, thermop 
covered Chap. 1 
5 

Fixture wires Tabled 
Ch«p, 9, Table 5^ 

Flexible cords and cables^ 
fpes Table 400.4 
finding, sjfl 

• A C equ ipment Table 

inded systems 
Tabl? 2§0.66 
branding.Chapter 9, Table 

azardous>fclassified) loca¬ 
tions, Classes I, II, and 
III, Divisions 1 and 2 
Classification of maximum 
surface temperature 
Table 500.8(C) 

Class II temperatures Table 
500.8(D)(2) 

Hazardous (classified) loca¬ 
tions, Class I, Zones 0, 

1 , and 2 

Classification of maximum 
surface temperature of 
Group II equipment 
Table 505.9(D)(1) 

Gas classification groups 
Table 505.9(C)(1)(2) 
Minimum distance of ob¬ 
structions from flame¬ 
proof flange openings 
Table 505.7(D) 

Types of protection desig¬ 
nation Table 
505.9(C)(2)(4) 

Insulations Tables 310.104(A) 
through 310.104(C) 

Maximum number in Annex 
C Tables 

Electrical metallic tubing 
Tables Cl and Cl (A) 
Electrical nonmetallic tub¬ 
ing Tables C2 and 
C2(A) 

Flexible metal conduit 
Tables C3 and C3(A) 
Intermediate metal conduit 
Tables C4 and C4(A) 


Liquidtight flexible metal 
conduit Tables C7 and 
C7(A) 

Liquidtight flexible nonme¬ 
tallic conduit C6, Tables 
C5 through C6(A) 

Rigid metal conduit Tables 
C8 and C8(A) 

Rigid nonmetallic conduit 
Tables C9 through 
Cl 2(A) 

Metal boxes, number in Table 
314.16(A) 

Minimum size of Table 
310.106(A) 

Over 2000 to 35,000 volts 
Ampacities Table 

310.60(C)(81) through 
310.60(C)(86) 

Properties Chap. 9, Table 8 

Support, vertical raceways 
300.19(A) 

Volume required per con¬ 
ductor Table 314.16(B) 

Conduit or tubing 

Combination of conductors, 
percent area fill Chap. 

9, Table 1 

Conduit and tubing fill, for 
conductors and fixture 
wires Annex C Tables 

Dimensions Chap. 9, Table 4 

Expansion characteristics 
Table 352.44 

Flexible metal (trade size Vs) 
Table 348.22 

Number of conductors in An¬ 
nex C Tables 

PVC rigid nonmetallic, ex¬ 
pansion characteristics 
352.44 

Supports Tables 344.30(B)(2), 
352.30(B) 

Construction, types of Annex E 
Tables 

Cooking appliances, demand 

factors and loads Tables 
220.55, Table 220.56 

Ducts, wiring in Table 
800.154(a) 

Electrified truck parking space 
feeder/service load cal¬ 
culations Table 
626.11(B) 

Farm load, method for comput¬ 
ing Tables 220.102, 
220.103 

Fixture wires 

Conduit and tubing fill for 
Annex C Tables 

Maximum number in 
Electrical metallic tubing 
Tables Cl and Cl (A) 
Electrical nonmetallic tub¬ 
ing Tables C2 and 
C2(A) 

Flexible metal conduit 
Tables C3 and C3(A) 
Intermediate metal conduit 
Tables C4 and C4(A) 
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Liquidtight flexible metal 
conduit Tables C7 and 
C7(A) 

Liquidtight flexible nonme- 
tallic conduit Tables C5 
through C6(A) 

Rigid metal conduit Tables 
C8 and C8(A) 

Rigid polyvinyl chloride 
conduit Tables C9 
through Cl2(A) 

General lighting loads by occu¬ 
pancies Table 220.12 
Household clothes dryers, de¬ 
mand loads Table 
220.54 

Household ranges and similar 
cooking appliances, de¬ 
mand factors and loads 
Table 220.55 
Live parts, separation 
Minimum distance from 

fence to live parts Table 
110.31 

Over 600 volts 

Air separation Table 
490.24 

Elevation Table 110.34(E) 
Working space Table 
110.34(A) 

Working clearances Table 
110.26(A)(1) 

Mobile home park demand fac¬ 
tors Table 550.31 
Motor fuel dispensing facilities 
Class I locations Table 
514.3(B)(1) 

Electrical equipment classi¬ 
fied areas Table 
514.3(B)(2) 

Motors 

Conductor rating factors for 
power resistors Tabli 
430.29 

Duty cycle service Table 
430.22(E) 

Full-load currents Tables 
430.247 through 
430.250 

Locked-rotor, code letters 
Table 430.7(B) 
Locked-rotor current conver¬ 
sion Tables 430.251(A) 
and (B) 

Maximum rating or setting, 
branch-circuit protective 
devices Table 430.52 
Maximum rating or setting, 
control circuit overcur¬ 
rent protective device 
Table 430.72(B) 
Minimum spacings between 
bare live parts, motor 
control centers Table 
430.97 

Number and location, over¬ 
load units Table 430.37 
Other articles Table 430.5 
Secondary ampacity Table 
430.23(C) 


Terminal, spacing and hous¬ 
ing Tables 430.12(B), 
430.12(C)(1), 
430.12(C)(2) 

Multifamily dwellings, optional 
calculation demand fac¬ 
tors Table 220.84 

Network-powered broadband 

communications systems 

Applications in buildings of 
Table 830.154(a) 

Cable substitution Table 
830.154(b) 

Cover requirements Table 
830.47 

Limitations Table 830.15 

Optical fiber cables 

Applications of Table 
770.154(a) 

Marking Table 770.179 

Substitutions Table 
770.154(b) 

Optional calculations, three or 
more multifamily units 
Table 220.84 

Radio and TV equipment, an¬ 
tenna sizes 

Amateur stations Table 
810.52 

Receiving stations Table 
810.16(A) 

Rating factors for powepie^is- 
tors Table 430 j 

Recreational vehicle pai 
mand factors Ta 

Restaurants, optional rnethol 
Tab 




. tightening torque tables 
Annex I 
gervic^f Table 
|p.51(3r 

medium and high 
Jtage Tables 450.3(A), 
3.3(B) 

bund wiring, minimum 
cover Tables 300.5, 
Table 300.50 
Wire-bending space, minimum 
Tables 312.6(A), 
312.6(B) 

Tamperability 

Circuit breakers, nontamperable 
240.82 

Type S fuses, nontamperable 
240.54(D) 

Tamper-resistant receptacles see 

Receptacles 

Taps; see also Splices and taps 
Branch circuit 210.19(A) 
Busways 368.17(C) Ex. 1 
Cranes and hoists 610.42(B), 
610.53(A) 

Definition 240.2 
Equipment grounding conduc¬ 
tors 250.122(G) 

Feeders see Feeders, taps 
Grounding electrode conductors 
250.64(D)(1) 


Luminaires 410.117(C) 
Overcurrent protection 240.21, 
240.92 

Remote-control circuits 725.45 
Separately derived systems 
250.30(A)(6) 

Task illumination 517.33(A) 
Definition 517.2 

Telecommunications equipment 

see Communications 
circuits 

Telegraph systems see Communi¬ 
cations circuits 

Telephone exchanges, circuit load 

220.14 Ex. 

Telephone systems see Communi¬ 
cations circuits 

Television and radio distribution 

systems see Community 
antenna television and 




bution 
systems 
int see Radio 
on equip- 


radio 

(C 

Television 

d tel 
ment 

ion studios Art? 

530 

mperature controls 

ivertemperature limit 
control 424.73, 424.83 
electric heating equipment 
for pipelines and vessels 
,7.56 

d oUTSoor electric deicing 
and snow-melting 
equipment 426.51 
Motor overtemperature protec¬ 
tion 430.126 

Temperature limitations 

Conductors 310.15(A)(3), 
338.10(B)(3) 

Nonmetallic raceways and tub¬ 
ing see subhead under 
entries for specific race¬ 
way or tubing type 
In outlet boxes for luminaires 
(fixtures) 410.21 
Service-entrance cable 
338.10(B)(3) 

Temporary installations Art. 590 
All wiring installations 590.2 
Branch circuits 590.4(C) 
Disconnecting means 590.4(E) 
Feeders 590.4(B) 

Ground-fault protection 590.6 
Guarding over 600 volts 590.7 
Lamp protection 590.4(F) 
Protection from accidental dam¬ 
age 590.4(H) 

Receptacles 590.4(D), 590.6(A), 
590.6(B) 

Services 590.4(A) 

Splices 590.4(G) 

Terminations at devices 590.4(1) 
Time constraints 590.3 
Terminal housings 
Generator 445.17 
Motor 430.12 

Grounding through 
430.245(A) 

Phase converters 455.10 


Terminals 

Connections to 110.14, 250.8, 
250.68 

Electric discharge tubing, signs, 
etc. 600.42 
Identification 

Flat conductor cable 
322.120(C) 

Motors, controllers 430.9(A) 
Polarity 200.9 through 200.11 
Wiring device 250.126 
Receptacles 406.5(F) 

Tests 

Emergency systems 700.3 
Ground-fault protection 
230.95(C) 

Insulation resistance, space heat¬ 
ing cables 424.45 
Legally required standby sys¬ 
tems 701.5 

Mobile homes 550.17 
Park trailers 552.60 
Recreational vehicles 551.60 
Theaters Art. 520 

Audio signal processing 520.4 
Branch circuits 520.9 
Conductors, number in raceway 
520.6 

Definitions 520.2 
Dressing room 520-VI 
Emergency systems Art. 700 
Grounding 520-VII 

Fixed electric equipment 
250.112(F) 

Live parts 520.7 
Portable equipment 520.10 
Stage equipment 
Fixed 520-11 
Portable 520-V 
Switchboard 
Fixed 520-11 
Portable 520-IV 
Wiring methods 520.5 
Therapeutic equipment 517.73(B) 
Therapeutic high-frequency di¬ 
athermy equipment 
Definition 517.2 
Therapeutic pools and tubs 
680-VI 

Definitions 680.2 
Thermal devices 

Overcurrent protection 240.9 
Thermally protected (thermal 
protection) 

Definition 100-1 
Fixtures, recessed 410.115(C) 
Fluorescent lamp ballasts in lu¬ 
minaires 410.130(E) 
Luminaires, recessed 410.115(C) 
Thermal protector 
Definition 100-1 
Motor 430.32(A)(2), 
430.32(B)(2) 

Thermal resistivity 

B.310.15(B)(2) 
Definition 310.2, 310.60(A) 
Three overload units, motors 
Table 430.37 

Tightening torque tables Annex I 
Tools 

Double insulated 250.114 Ex. 
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Metal working machine see In¬ 
dustrial machinery 
Motor-operated, hand-held, 

grounding 250.114(4)(c) 
Track lighting see Lighting track 
Trailers, types of; see also Park 
trailers 
Definition 551.2 
Transfer switches 

Critical operations power sys¬ 
tems 708.24 
Definition 100-1 
Emergency systems 700.5 
Fuel cell systems 692.59 
Legally required standby sys¬ 
tems 701.5 

Optional standby systems 702.5 
Transformers Art. 450; see also 
Hazardous (classified) 
locations 

Amusement attractions 
522.10(A)(1) 

Arc welders 630-11 
Askarel-insulated 450.25 
Audio see Audio signal process¬ 
ing, amplification, and 
reproduction equipment 
Autotransformers 430.109(D), 
450.4 

Audio 640.9(D) 

Definition 640.2 
Ballast for lighting units 
410.138 

Branch circuits 210.9 
Dimmers 520.25(C), 
520.53(F)(1) 

Feeders 215.11 
Grounding 450.5 
Motor starting 430.82(B), 
430.109(D) 

Capacitors Art. 460 
Installation Art. 450 
X-ray equipment 517.76, 

660—III 

Control transformer in controller 
enclosure 430.75(B) 
Definitions 450.2, 694.15(B) 
Dry-type 450.1 Ex. 2, 450.8(B), 
450.21, 450.22 

Electric discharge lighting sys¬ 
tems 

More than 1000 volts 410- 
XIII 

1000 volts or less 410-XII 
Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chair lifts 
620.13(C) 

Fire pumps 695.5 
Grounding 450.5, 450.6(C), 
450.10 
Guarding 450.8 
Hazardous (classified) Class II 
locations, control trans¬ 
formers at 502.120 
Installations, indoor and outdoor 
450.21 through 450.27 
Instrument, grounding 250-IX 
Connections at services 
230.82(4) 

Isolation 


Definition 517.2 
Electric deicing, snow¬ 
melting equipment 
426.31 

Electric pipeline, vessel heat¬ 
ing equipment 427.26 
Health care facilities 

517.19(F), 517.20(B), 
517.63(E), 517.63(F), 
517.64(B), 517.64(C), 
517.76, 517.160(A)(4) 
Less-flammable liquid-insulated 

450.23 

Location, accessibility 450.13 
Marking 450.11 
Modification of 450.28 
Motor control circuit 430.72(C) 
Nonflammable fluid-insulated 

450.24 
Oil-insulated 

Indoors 450.26 
Outdoors 450.27 
Overcurrent protection 450.3, 
450.4(A), 450.5(A)(2), 
450.5(B)(2), 450.6(B) 
Parallel operation 450.7 
Power-limited and signaling cir¬ 
cuits, remote control 
725.41(A)(1), 725.45(D) 
Remote control circuits for 

725.41(A)(1), 725.45(D)^ 
Research and development 
450.1 Ex. 8 
Secondary ties 450.6 
Signs and outline lighting 
600.21, 60Q 
Solar photovokaifpp 
690.% 

Specific prq^Kms 450-jfl 
Swimming pools, 'fouQ 
similaritisti 


Trees, luminaires (lighting fix¬ 
tures) supported by 

410.36(G) 

Truck camper; see also Recre¬ 
ational vehicles 
Definition 551.2 
Truck coupler 
Definition 626.2 
Truck flanged surface inlet 
626.25(B)(4) 

Definition 626.2 
Trucks 

Definition 626.2 
Electrified, parking space equip¬ 
ment see Electrified 
truck parking space 
equipment 

Tubing; see also Conduits 
Definitions 600.2 
Electrical metallic see Electrical 
metallic tubing 
Electrical nonmetallic j ilec- 

trical nonmetal thing 

Electric discharge, sign c. 

600.411 

Flexible metallic Art. 360? 

metallic I 

Tunnel 
Ad 

Installations^! 600 volts, 
110-IV 

Ven irMBm.57, 110.77, 

evision equip- 




Vaults ■ 

Ventilation 450.9 

X-ray equipment 517.76, 660- 

III 

Transformer vaults 450—III 
Doorways 450.43 
Drainage 450.46 
Location 450.41 
Storage 450.48 
Ventilation openings 450.45 
Walls, roofs, and floors 450.42 
Water pipes and accessories 
450.47 

Transmitting stations, radio and 
television 810—III 
Transport refrigerated unit 
(TRU) 626-IV 
Definition 626.2 

Travel trailer; see also Park trail¬ 
ers 

Definition 551.2 

Trays, storage batteries 480.8(B) 
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Tiderfloor raceways Art. 390 
Conductors 

Ampacity 390.17 
Number in raceway 390.6 
Size of 390.5 

Connections to cabinets, wall 
outlets 390.15 
Covering 390.4 
Dead ends 390.11 
Definition 390.2 
Discontinued outlets 390.8 
Inserts 390.14 
Junction boxes 390.13 
Laid in straight lines 390.9 
Markers 390.10 

Splices and taps, junction boxes 
390.7 

Uses not permitted 390.3(B) 
Uses permitted 390.3(A) 

Underground circuits, communi¬ 
cation 800.47 

Underground enclosures 110.59; 

see also Manholes; 
Vaults 

Underground feeder and branch- 
circuit cable (Type UF) 

Art. 340 
Ampacity 340.80 
Bending radius 340.24 
Conductors 340.104 
Construction specifications 340- 
III 


Definition 340.2 
Equipment grounding conductor 
340.108 

Installation 340-11 
Insulation 340.112 
Listing 340.6 
Sheath 340.116 
Uses not permitted 340.12 
Uses permitted 340.10 
Underground installations see 
Manholes; Tunnels; 
Vaults 

Underground service conductors 

Definition 100-1 
Underground service-entrance 
cable (USE) see 

Service-entrance cable 
(Types SE and USE) 
Underground wiring 300.5; see 
also Hazardous (classi¬ 
fied) locations 
Aircraft hangars 513.8 
Ampacities 310.60(C)(2), Tables 
310.60(C)(77) through 
310.60(C)(85), Fig. 
310.60 

Bulk storage plants 515.8 
Buried conductors, Types USE, 
UF 340.10 

Conductor types in raceways 
310.10(F) 

Dry and damp locations 
310.10(B) 

Earth movement and 300.5(J) 
Intermediate metal conduit 
342.10(B) and (C) 
Liquidtight flexible metal con¬ 
duit 350.10(3) 

Minimum cover requirements 
300.5(A) 

Motor fuel dispensing facilities 
514.8 

Over 600 volts 300.50 
Protection of 300.5(D), 300.5(J) 
Raceways, service 250.84 
Recreational vehicle parks 
551.80 

Reinforcing thermosetting resin 
conduit 355.10(G) 

Rigid metal conduit 344.10 
Rigid nonmetallic underground 
conduit Art. 354 
Rigid polyvinyl chloride conduit 
352.10(G) 

Service cable 250.84 
Services 230—III 
“S” loops 300.5(J) IN 
Splices and taps 300.5(E), 
300.50(C) 

Swimming pools 680.10 
Wet locations 310.10(C) 
Ungrounded; see also Conductors, 
Ungrounded 
Definition 100-1 
Solar photovoltaic systems 
690.35 

Uninterruptible power supplies 
(UPS) 645.11, 
700.12(C), 701.12(C) 
Unit equipment, emergency and 
standby systems 
700.12(F), 701.12(G) 
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Wireways, metal 


Unused openings 

Boxes and fittings 110.12(A) 
Utility-interactive inverters 200.3 
Ex., 705.12(D), 
705.30(D), 705-11 
Definition 100-1 
Fuel cell systems 692.65 
Hybrid systems 705.82 
Definition 705.2 
Output circuit 705.60(A)(2), 
705.65(A) 

Definition 705.2 
Solar photovoltaic systems 

690.14(D), 690.72(B)(3) 
Utilization equipment 

Aircraft hangars, portable utili¬ 
zation equipment in 
513.10(E)(2) 

Boxes 

Minimum depth of 314.24 
Outlet 314.24(B), 314.27(D) 
Branch circuits, permissible 
loads 210.23 

Bulk storage plants 515.7(C) 
Definition 100-1 
Spray areas, portable equipment 
in 516.4(D) 


-V- 

Vacuum outlet assemblies, cen¬ 
tral 422.15 

Valve actuator motor (VAM) as¬ 
semblies 430.102(A) 

Ex. 3 

Definition 430.2 
Vapors, flammable liquid- 

produced see Hazard¬ 
ous (classified) locations 
Varying duty 
Definition 100-1 
Vaults 110.71, 110.73, 110-V 
Access 110.76 
Capacitors 460.2(A) 

Film storage 530-V 
Service over 600 volts 110. 

230.212 
Service 600 volts or less 
230.6(3) 

Transformers 450 III 
Ventilation 110.77, 110.78 
Vehicles see Electric vehicles; Rec¬ 
reational vehicles 

Vending machines, cord-and- 

plug-connected 422.51 
Definition 422.2 
Ventilated 

Busway enclosures 368.238 
Cable trays 392.22 
Definition 100-1 

Ventilating ducts, wiring 300.21, 
300.22 

Ventilating piping for motors, 
etc. 502.128, 503.128 
Ventilation 

Aircraft hangars 513.3(D) 
Battery locations 480.9(A) 
Equipment, general 110.13(B) 
Garages, commercial 511.3(C) 
through (E) 

Manholes, tunnels, and vaults 
110.57, 110.77, 110.78 


Motor fuel dispensing facilities, 
lubrication and service 
rooms — without dis¬ 
pensing Table 
514.3(B)(1) 

Motors 430.14(A), 430.16 
Transformers 450.9, 450.45 
Vessels; see also Fixed electric 
heating equipment for 
pipelines and vessels 
Definition 427.2 
Viewing tables, motion picture 
530-IV 

Volatile flammable liquid 

Definition 100-1 
Voltage and volts 

Branch circuits, limits 210.6 
Circuit 

Definition 100-1 
Drop 

Branch circuits 210.19(A) IN 
No. 4 

Conductors 310.15(A)(1) IN 
No. 1 

Feeders 215.2(A)(4) IN No. 2 

Sensitive electronic equip¬ 
ment 647.4(D) 

Electric discharge lighting 410- 
XII, 410-XIII 
General provisions 110.4 
Ground, to 

Definition 100-1 
High 

Definition 490.2 
Less than 50 /3 Aj 4,,720 
Limitation 


Elevators, dumbwaiters, escala¬ 
tors, moving walks, 
platform lifts, and stair¬ 
way chairlifts 620.3(A), 
620.52(B) 

Emergency systems 700.7(B) 

Fuel cell systems 692.10(C), 
692.17, 692.56 

Guarding live parts 600 volts or 
less 110.27(C) 

Induction and dielectric heating 
665.23 

Legally required standby sys¬ 
tems 701.7(B) 

Locked room or enclosure with 
live parts over 600 volts 
110.34(C), 

490.2 l(B)(7)Ex., 
490.21(C)(2), 490.21(E), 
490.44(BJ, 490.53, 

4904 

Optional stiu systems 

Small 




Definition 

Nominal battery 
Definition 480.2 
Over 6Q^»olts Art. 

Jeceji^Wes, voltages between 
adjacent 406.5(G) 
ill wind electric systems 
694.66 

Swimming pool underwater lu¬ 
minaires 680.23(A)(4) 
Wiring methods 300.2 
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Wading pools 

Definition 680.2 

Wall-mounted ovens see Ovens, 
wall-mounted 

Warning signs (labels), at equip¬ 
ment; see also Labels 
required 

Aircraft hangars 513.7(F), 

513.10 

Arc-flash hazard warning 110.16 

Electroplating 669.7 

Electrostatic hand spraying 
516.10(A)(8) 


systems 
.22(A) 

photovoltaic'! 

690.5(C), 

17, 6904 

Switchyards or panels 408.3(F) 
mers 450.8(D) 
iftilffy interactive inverters 
.12(D)(7) 

ral and artificially 
de bodies of see 

Natural and artificially 
made bodies of water, 
electrical wiring and 
equipment for 
Water heaters 422.11(E), 

422.11(F)(3), 422.13 
Controls 422.47 
Protection 422.11(E), 
422.11(F)(3) 

Water pipe 

Bonding (metal) 250.104 
Connections 250.68 
As grounding electrode 

250.52(A)(1), 250.53(D) 
Watertight 

Definition 100-1 
Weatherproof 
Definition 100-1 
Welders, electric Art. 630 
Arc 630-11 
Resistance 630—III 
Welding cable 630-IV 
Wet locations; see also Damp or 
wet locations 

Conductors, types 310.10(C), 
Table 310.104(A) 
Control circuits in 522.28 
Definition 100-1 
Electrical metallic tubing 
358.10(C) 

Electric signs and outline light¬ 
ing 600.9(D), 

600.21(C), 

600.33(A)(1), 

600.42(G)(2), 

600.42(H)(2) 

Enameled equipment 
300.6(A)(1) 


Ground-fault circuit interrupters 
210.8(B)(6) 

Gutters, sheet metal auxiliary 
366.10(A)(2) 

Health care facilities 517.20 
Intermediate metal conduit 
342.10(D) 

Lampholders in 410.96 
Luminaires in 410.10(A), 
410.30(B)(1) 

Mounting of equipment 
300.6(D) 

Nonmetallic wireways 378.10(3) 
Raceways 

Above grade locations, in¬ 
stalled in 300.9 
Exterior surfaces of buildings, 
on 225.22 

Recreational vehicle parks 
551.78(A) 

Reinforcing thermosetting resin 
conduit 355.10(D) 

Rigid metal conduit 344.10(D) 
Rigid polyvinyl chloride conduit 
352.10(D) 

Underground locations as 
300.5(B) 

Wet procedure locations 

Health care facilities 517.20 
Definition 517.2 

Wind electric systems, small Art. 
694 

Circuit requirements 694-11 
Connection to other sources 
694-VII 
Definitions 694.2 
Disconnecting means 694-III, 
694.70(F) 

Grounding 694-V 
Installation 694.7, 694.28, 
694.62, 694.70 

Markings 694.22(C)(2), 694-VI 
Overcurrent protection 

694.12(B), 694.15 
Over 600 volts 694-IX 
Stand-alone systems 

694.12(A)(3), 694.18, 
694.54 

Storage batteries 694—VIII 
Wiring methods 694—IV 

Windows, show see Show win¬ 
dows 

Wind turbines; see also Wind 

electric systems, small 
Definition 694.2 

Wired luminaire sections 

410.137(C) 

Wires; see also Conductors; 

Cords; Fixture wires 
In concrete footings, electrodes 
250.52(A)(3) 

Definition 800.2 

Wireways, metal Art. 376 
Ampacities 376.22 
Bends 376.56(B)(3) 

Construction specifications 376- 
III 

Dead ends 376.58 
Definition 376.2 
Deflected insulated 376.23(A) 
Extensions 376.70 
Installation 376-11 
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Insulated conductors 376.23 
Marking 376.120 
Number of conductors 376.22 
Securing and supporting 376.30 
Size of conductors 376.21 
Splices and taps 376.56 
Uses not permitted 376.12 
Uses permitted 376.10 
Wireways, nonmetallic Art. 378 
Construction specifications 378- 
III 

Dead ends 378.58 
Definition 378.2 
Deflected insulated 378.23(A) 
Expansion fittings 378.44 
Extensions 378.10(4), 378.70 
Grounding 378.60 
Installation 378-11 
Insulated conductors 378.23 
Listing requirements 378.6 
Marking 378.120 
Number of conductors 378.22 
Securing and supporting 378.30 
Size of conductors 378.21 
Splices and taps 378.56 


Uses not permitted 378.12 
Uses permitted 378.10 
Wiring integrity 110.7 
Wiring methods 110.8, Art. 300 
Ducts 300.21, 300.22 
Exposed 

Definition 100-1 
Open wiring on insulators 
398.15 

Fuel cell systems 692-IV 
General requirements for see 
General requirements 
for wiring methods 
Hazardous (classified) locations 
see subhead under en¬ 
tries for specific hazard¬ 
ous location involved 
Health care facilities 517-11 
Intrinsically safe systems 504.20 
Manufactured homes 550.10 
Mobile home parks 550.10 
Mobile homes 550.10 
Planning 90.8 

Small wind electric systems 
694-IV 


Solar photovoltaic systems 
690-IV 

Temporary see Temporary in¬ 
stallations 
Theaters 520.5 
Types and materials Chap. 3 

Within sight from see In sight 
from 

Working space 

About electrical equipment 

110.26, 110.32 through 
110.34, 110.72, 110.73 
Adjacent to live parts (circuits 
over 600 volts) 110.32 
to 110.34 

Battery systems 480.9(C) 
Manholes 110.72, 110.73 
Motion picture projectors 540.12 
Switchboards 110.26, 408.18 

Workmanlike installation 110.12, 
640.6(A), 720.11 
725.24, 760.24, '70.24, 
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X-ray equipment 517-V, Art. 660 
Control 517.74, 660-11 
Definitions 517.2, 660.2 
Guarding and grounding 517.78, 
660-IV 

Transformers and capacitors 
517.76, 660—III 
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Zone 0, 1, and 2 locations see 

Hazardous (classified) 
locations, Class I, Zone 
0 , 1, and 2 locations 
Zone 20, 21, and 22 see Hazard¬ 
ous (classified) loca¬ 
tions, Zone 20, 21, and 
22 

Zones, information technology 
equipment rooms 

645.10(A)(3) 

Definition 645.2 
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